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CO MMUNICA T I 0  NS 


Errors in Chlorothiazide Bioavailability 
Estimates Based on a 
Bratton-Marshall Colorimetric 
Method for Chlorothiazide in Urine 
~~~~~ ~~~~ ~ ~ 


Keyphrasw o Chlorothiazide-bioavailability in dogs, colorimetric and 
high-pressure liquid chromatographic analyses compared Bioavail- 
ability-chlorothiazide in dogs, colorimetric and high-pressure liquid 
chromatographic analyses compared Colorimetry-analysis, chlo- 
rothiazide in urine, bioavailability estimates compared to high-pressure 
liquid chromatographic analysis in dogs 0 High-pressure liquid chro- 
matography-analysis, chlorothiazide in urine, bioavailability estimates 
compared to colorimetric analysis in dogs Diuretics-chlorothiazide, 
bioavailability in dogs, colorimetric and high-pressure liquid chroma- 
tographic analyses compared 


To the Editor: 
Chlorothiazide (6-chloro-2H-1,2,4-benzothiadiazine- 


7-sulfonamide 1,l-dioxide) is a weakly acidic (pKa1 = 6.7 
and pKa2 = 9.5) and poorly absorbed (1,2) diuretic used 
in the treatment of hypertension, congestive heart failure, 
and other edematous conditions in humans and dogs. The 
pharmacokinetics of chlorothiazide in both species are not 
well characterized, and the potential use of the dog as an 
animal model in comparative bioavailability studies on 
various commercial chlorothiazide tablet and aqueous 
suspension products remains unexplored. 


Based on comparisons of urinary excretion data ob- 
tained with a high-pressure liquid chromatographic 
(HPLC) method (3, 4) and several Bratton-Marshall- 
based colorimetric methods (2,5,6) for chlorothiazide in 
urine, the Food and Drug Administration tentatively 
concluded that the appreciable intersubject variation in 
chlorothiazide tablet bioavailability observed in human 
studies employing a colorimetric method of analysis was 
due, in part, to variable assay interference by urine con- 
stituents (3,4). During oral and intravenous studies on the 
effect of dose on the pharmacokinetics of chlorothiazide 
absorption and disposition’, we assessed whether chlo- 
rothiazide bioavailability estimates in male mongrel dogs 
were also a function of the assay used to determine un- 
changed chlorothiazide in urine. This communication re- 
ports the results of these determinations. 


In two complete crossover studies, four fasting male 
mongrel dogs received 125-750 mg po2 and 250 mg iv? of 
chlorothiazide. Urine samples were collected at  prede- 


To he published. 


Dohme), purchased on the open market. 
Aqueous solution of the sodium salt. 


2 One-half, one, two, or three 250-mg Diuril tablets (lot V4092, Merck Sharp and 


termined intervals for 48-72 hr and assayed by both a 
slight modification’~4 of a specific HPLC method (7) and 
a modified Bratton-Marshall method purported to reduce 
assay interference by urine constituents (2). 


The original colorimetric method (2) was slightly mod- 
ified to allow for quantitative recovery and to eliminate 
turbidity in samples subjected to the Bratton-Marshall 
reaction for color development. Chlorothiazide was hy- 
drolyzed quantitatively to 6-amino-4-chlorobenzene- 
1,3-disulfonamide by heating a mixture of 1.0 ml of 3.75 
N NaOH and 5.0 ml of diluted urine (1:25 or 1:50), con- 
taining 6.25-37.5 pg of chlorothiazide, a t  100’ for 1 hr. The 
solution was cooled to room temperature and extracted 
three times with 4.0 ml of ethyl acetate. 


The combined ethyl acetate extracts were evaporated 
to dryness at 60-70’ under a gentle stream of nitrogen, and 
the residue was reconstituted with 0.5 ml of 0.5 N NaOH 
and 5.5 ml of distilled water. Then the solution was fil- 
tered5, and a 5.0-ml aliquot of the filtrate was acidified with 
1.0 ml of 6 N HCl and mixed with 0.5 ml of 0.1% sodium 
nitrite. After 3 min, 0.5 ml of 0.5% ammonium sulfamate 
was added, and the mixture was vortexed6. Five minutes 
later, 0.5 ml of 0.1% N-(1-naphthy1)ethylenediamine di- 
hydrochloride was added, and the reaction mixture was 
stored in the dark for 10 min to allow for maximum color 
development. 


The absorbance of the colored solution was measured7 
(within 2 hr of color development) a t  518 nm. The coeffi- 
cient of variation of the modified method, based on 10 
replicate determinations of a standard urine sample con- 
taining 60 pg of chlorothiazide/ml, was 7.6%. Twenty-four 
hour blank urine specimens subjected to this procedure 
yielded a mean “apparent chlorothiazide” excretion value 
(n = 4, fSD) of 0.63 f 0.2 mg or 0.037 f 0.01 mg/kg. 


Although there was an apparent linear relationship (Fig. 
1) between the cumulative urinary excretion values based 
on the HPLC and Bratton-Marshall assay results, only 
eight of 24 urinary excretion’ values determined by the 
colorimetric method were within f10% of the values de- 
termined by the specific HPLC method. The interanimal 
variability in chlorothiazide excretion was greater after oral 


~ 


4 The original HPLC method (7) was modified to include an ethyl acetate ex- 
traction step and sulfadiazine as the internal standard. An HPLC unit (model 204) 
was equipped with a pBondapak Cla reversed-phase column and a UV monitor 
(model 440) operated at 280 nm (Waters Associates, Milford, MA 017.57). The 
mobile phase was 10% acetonitrile in 0.01 M phosphoric acid at a constant flow of 
2.0 ml/min. The retention times for sulfadiazine and chlorothiazide were 5.61 and 
6.97 min, respectively. No interference b urine Constituents was observed. The 
coefficient of variation of the modified metlod. based on 10 reolicate determinations 
of a standard urine sample containing 60 pg of chlorothiazide/ml, was 1.2%. 


Bedford, MA 01730. 


N.J 07091. 


5 Swinnex-13 filter unit with 0.45-pm poresize filters (type HA), MilliporeCorp.. 


Vortex-Genie, Fisher Scientific Co., Rochester, NY 14624. 
Beckman DB-G spectrophotometer, Reckman Instruments. Mountainside, 
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y = 1.07X t 1.24 


r =0.966 


V I I I I I 
20 40 60 80 100 
DOSE EXCRETED IN URINE, % 


BRATTON-MARSHALL METHOD 
Figure I-Relationship between the percent of chlorothiazide dose 
excreted in the urine of four dogs as determined by HPLC and Brat- 
ton-Marshall methods. Key: 0,125-750 mg PO; and 0 ,250  mg io. 


administration of chlorothiazide (coefficient of variation 
of 26-5096 for the various doses irrespective of analytical 
method) than after intravenous administration (coefficient 
of variation was 1.0% by the HPLC method and 2.5% by 
the Bratton-Marshall method). 


These results clearly indicate that interferences by 
urinary constituenth, which vary during the experimental 
period and with the extent of dilution of the urine speci- 
men (3,4, B),  can cause appreciable errors in chlorothiazide 
bioavailability estimates based on the colorimetric pro- 
cedure and that HPLC should be the analytical method 
of choice in all future urinary excretion-based bioavail- 
ability studies on chlorothiazide and, perhaps, other 
thiazide diuretics. 
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Localization of Isoproterenol-Induced 
Contractions of Canine Small Intestine 


Keyphrases Isoproterenol-in uiuo effects on small intestinal motor 
activities, dogs 0 Motor activities in uitro-effect of isoproterenol on 
muscularis mucosa and muscularis externa motility 


To the Editor: 
The proposition is generally accepted that the cate- 


cholamines produce relaxation of the small intestinal 
musculature of a number of species via a- and ,&receptor 
mechanisms. This acceptance was gained because excep- 
tions to this rule were rarely noted and were usually in- 
consistent or segment related. These scattered observa- 
tions have not been systematically analyzed to determine 
what possible common threads connected them. 


For all practical purposes, most experimental evidence 
for the small intestinal relaxatory activities of the cate- 
cholamines has derived from in vitro and in situ studies 
involving dogs, cats, rats, rabbits, mice, and guinea pigs. 
The only serious disagreement arises with the canine 
ileum. Some years ago, it was reported (1, 2) that occa- 
sionally high dosages of isoproterenol produced marked 
stimulation of the ileum of the anesthetized dog in situ, but 
no explanation for this phenomenon was advanced. Since 
that time, we have observed similar anomalous effects of 
isoproterenol stimulation on the canine small intestine. 
Thus, the purpose of this communication is to propose a 
unifying theory with respect to the excitatory activities of 
catecholamines on the mammalian GI tract. 


Kokas and Gordon (3) reported that the villi of the ca- 
nine small intestine were specifically stimulated by p- 
adrenergic agents and that this effect was enhanced by 
a-adrenolytics. Later, we also observed that stimulatory 
effects of (3-adrenergic agents on canine ileal segmenting 
activities in the chloralose-urethan anesthetized animal 
became predictably reproducible following pretreatment 
by a-adrenolytics. Intravenous doses of isoproterenol 
usually produced marked jejunal and ileal segmenting 
activity. Both bilateral vagotomy and atropine were inef- 
fective in blocking this small intestinal response. Prior 
administration of the a-adrenolytic phenoxybenzamine 
potentiated the response (Fig. l), which was blocked by 
dichloroisoproterenol (not depicted). 


We subsequently decoupled the canine ileal tunica 
muscularis from the muscularis mucosa (4) and demon- 
strated that the P-excitatory effect upon the latter occurs 
pari passu with the inhibitory effect on the former. Again, 
the excitatory effects of the 0-agonists are enhanced by 
pretreatment with a-adrenolytics. In experiments using 
the classical tissue bath technique, contractions of the 
circular and longitudinal components of the muscularis 
were recorded (Fig. 2). Isoproterenol had opposite effects 
in different parts of the ileum of the same animal. The 
tunica muscularis portion of the ileum exhibited a relax- 
ation response to a fixed dose of isoproterenol, whereas the 
muscularis mucosa portion exhibited only a tonic con- 
tractile response to the same dose of the P-agonist. These 
observations using mechanically decoupled effector sys- 
tems are identical to the results obtained by Kokas and 
Gordon (3) without decoupling but by specific observations 
of the motility of the villi. 
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Effects of Polyoxypropylene 15 Stearyl Ether and 
Propylene Glycol on Percutaneous Penetration Rate of 
Diflorasone Diacetate 
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Abstract 0 Theoretical models for percutaneous penetration are de- 
scribed, and a diffusion apparatus useful in the evaluation of transport 
kinetics of drugs applied to skin is discussed. Experimental data are 
presented for: (a) the flux of diflorasone diacetate through hairless mouse 
skin, ( b )  the percutaneous penetration profile of propylene glycol, (c) the 
effects of vehicle concentrations of polyoxypropylene 15 stearyl ether and 
propylene glycol on the percutaneous flux of diflorasone diacetate, ( d )  
skin-vehicle partition coefficients of diflorasone diacetate, ( e )  the solu- 
bility profile of diflorasone diacetate as a function of solvent concentra- 
tion, and ( f )  the alteration of the skin's resistance to the penetration of 
diflorasone diacetate due to propylene glycol. Excess solvent in a vehicle 
caused a decrease in the percutaneous flux of diflorasone diacetate. 
Formulations containing 0.05 and 0.1% diflorasone diacetate had similar 
penetration rates when the solvent concentration was optimized for each 
percentage of diflorasone diacetate. 


Keyphrases Diflorasone diacetate-percutaneous absorption rate, 
effect of polyoxypropylene 15 stearyl ether and propylene glycol Ab- 
sorption, percutaneous-diflorasone diacetate, effect of polyoxypropy- 
lene 15 stearyl ether and propylene glycol .a Vehicles-polyoxypropylene 
15 stearyl ether and propylene glycol, effect on percutaneous absorption 
rate of diflorasone diacetate Anti-inflammatory agents-diflorasone 
diacetate, percutaneous absorption rate, effect of polyoxypropylene 15 
stearyl ether and propylene glycol 


Various theoretical relationships (1-11) as well as ex- 
perimental findings (12-27) concerning the diffusion of 
substances through heterogeneous barriers, such as skin, 
have been published. Three potential rate-determining 
barriers to percutaneous penetration are: ( a )  the dissolu- 
tion rate of the drug in the vehicle, ( b )  the diffusion rate 
of solubilized drug through the vehicle to the skin, and ( c )  
the permeation rate of drug through the stratum corneum. 
The slowest step determines the percutaneous penetration 
rate of the drug. 


In the design of topical formulations, it is usually simple 
to eliminate the dissolution rate of the drug in a vehicle as 
a potential barrier through the incorporation of a suitable 
solvent. Factors such as vehicle ingredients, the chemical 
structure of the active component, and the condition of the 
skin determine if the rate-limiting step is in the vehicle 
diffusion layer or in permeation through the stratum cor- 
neum. 


The importance of the vehicle in determining topical 


Table I-Buffered Balanced Sal t  Solution 


Ingredient Percent (w/v) 


Sodium chloride 0.8 
Potassium chloride 0.04 
Magnesium chloride 0.0075 
Dibasic sodium phosphate 0.0154 
Monobasic potassium phosphate 0.015 
Glucose 0.11 
Thimerosal 0.02 
Sodium h droxide qs ad pH 7.0 
Deionizedlwater 0 s  ad 100.00 


bioavailability is well documented (17-19, 21-23, 27). 
Nevertheless, vehicle design is often ignored in the bio- 
logical evaluation of series of related compounds, in 
dose-response studies of a given drug, and, eventually, in 
marketed products. It is not generally recognized that the 
improper selection of the vehicle leads to biased biological 
results, because the chosen vehicle can have a different 
influence on each drug and even on different concentra- 
tions of a given drug. 


In this study, the influence of propylene glycol in an 
aqueous base and polyoxypropylene 15 stearyl ether' in 
a mineral oil base on the percutaneous penetration rate of 
diflorasone diacetate (6a,9a-difluoro- 110,17a,2 1 -trihy- 
droxy-16~-methylpregna-1,4-diene-3,20-dione 17,21- 
diacetate) was investigated. 


THEORETICAL 


The important physical factors in the penetration of a substance 
through a membrane are the concentration of dissolved drug in the ve- 
hicle, the partition coefficient of the drug between the skin and the ve- 
hicle, and the diffusion coefficients of the drug in the various barriers. 
The concentration of dissolved drug is important, because the percuta- 
neous penetration rate is directly proportional to the concentration. The 
partition coefficient is an index of the relative affinity of the drug for the 
vehicle and the skin. The diffusion coefficient is an indication of the re- 
sistance to movement through a barrier. The relative magnitude of the 


I 
0 5 10 15 20 


MINUTES 
Figure I-Typical chromatogram of diflorasone diacetate. The ace- 
tonitrile soluf ion contained 0.1 mg of diflorasone diacetatelml 


ICI United States. 
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Table II-3H-Diflorasone Diacetate Topical Formulations 
Formulations 


Ingredient 1 2 3 4 5 6 7 8 9 10 11 12 13 


"H -Di florasone diacetate 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.10 


Pdlyoxypropylene 15 stearyl ether - - - - - - 5 15 20 30 40 60 40 
- - - - - 99.95 94.95 84.95 79.95 69.95 59.95 39.95 59.95 Mineral oil (85 viscosity) 


- - - - - - - Propylene glycol 10.0 30.0 50.0 70.0 99.95 - 


- - - - - - - - Deionized water 89.95 69.95 49.95 29.95 - 


0 Values are percent (w/w). 


diffusion coefficients in the vehicle and skin determines if penetration 
is rate limited by release from the vehicle or by the skin. 


Relationships of these important parameters to drug transport were 
discussed previously (10). The influence of diffusion layer resistance and 
membrane resistance on the flux-determining properties of barrier and 
solute was quantified (10). The resistance to transport of a solute across 
a silicone membrane was shown to be not only within the membrane but 
also within the regions adjacent to its surface. The conditions needed for 
"membrane control of flux" and "diffusion layer control of flux" were 
explained (10). 


The data obtained for the in uitro percutaneous penetration kinetics 
of diflorawne diacetate in vehicles consisting of propylene glycol-water 
and polyoxypropylene 15 stearyl ether-mineral oil suggest that the skin 
is the rate-determining barrier for this compound. In this case, the ap- 
propriate relationship is represented by: 


(Eq. 1 )  


where: 


A = surface area of application (square centimeters) 
CF = concentration of dissolved diflorasone diacetate in the vehicle 


L),? = diffusion coefficient of diflorasone diacetate through the skin 


h,s = thickness of the skin barrier (centimeters) 
K,  = diflorasone diacetate skin-vehicle partition coefficient 
V p  = volume of formulation applied (cubic centimeters) 


The thickness of the skin barrier and the diffusion coefficient are 
combined and defined as a resistance, R, = h,/D*. The resistance has 
units of time per length. Equation 1 can he simplified to: 


(micrograms per cubic centimeters) 


(square centimeters per second) 


-dCp AK,Cp  
dt VpR, 


-=- (Eq. 2) 


The concentration of dissolved diflorasone diacetate, CF, the partition 
Coefficient, K,, and, possibly, the resistance, R,, are influenced by the 
quantity of solvent in a given vehicle. Under certain conditions, the sol- 
ubility of a drug in a cosolvent system can be represented by the following 
expression (10): 


cp = Coe"'/sl (Eq. 3) 


where Co is the solubility of the drug in the formulation when the weight 
fraction of the solvent is zero, LY is a constant, and /s is the weight fraction 
of the solvent. 


In a similar manner, the partition coefficient of'a drug between the skin 
and the vehicle can be expressed as: 


K ., = K oe -d( /r )  (Eq. 4)  


where KO is the partition coefficient of the drug between the skin and the 
vehicle when the weight traction of the solvent is zero and / j  is a constant. 
Inserting Eqs. 3 and 4 into Ey. '2 leads to the following expression: 


-dCp - A [ K O ~ - d ( / . ' ) j ~ ( " , ~ ~ ~ ( / ~ ) ]  
(Eq. 5) 


During the steady-state period of penetration, the following relationship 
is valid: 


_ _ _  
dt VFR, 


where C H  is the concentration of diflorasone diacetate in the receptor 
compartment of the diffusion apparatus and VH is the volume ofthe re- 
ceptor compartment. 


Equation 6 states that the amount of diflorasone diacetate leaving the 
vehicle per unit time is equal to the amount entering the receptor solution 


of the diffusion apparatus. With this relationship, Eq. 5 can be written 
as: 


Integration of Eq. 7 yields: 


(Eq. 8) 


where QR is the amount of diflorasone diacetate in the receptor com- 
partment a t  time t .  Equation 8 predicts that the addition of a solvent to 
a formulation could increase, decrease, or have no effect on the amount 
of drug diffusing through the skin. The result depends on the magnitudes 
of (Y and 0 and whether or not the drug solution is saturated or unsatu- 
rated. 


EXPERIMENTAL 


Diflorasone Diacetate Solubility-The solubility of diflorasone 
diacetate was determined in mixtures of polyoxypropylene 15 stearyl 
ether-mineral oil and propylene glycol-water a t  23O. A reversed-phase 
high-performance liquid chromatographic (HPLC) procedure was used 
to analyze diflorasone diacetate in these mixtures. 


A moderate excess of diflorasone diacetate and 10 ml of the appropriate 
mixtures were placed in 20-mi vials and shaken for 1 week with a wrist- 
action shaker. The samples were then filtered, and an appropriate amount 
of the filtrate was transferred to another vial, extracted, and analyzed 
by H P I L  The extraction system for the polyoxypropylene 15 stearyl 
ether-mineral oil mixtures was equal volumes of acetonitrile and hexane. 
I t  was not necessary to extract the diflorasone diacetate from the pro- 
pylene glycol-water mixtures. These samples were diluted with aceto- 
nitrile' and analyzed. 


Extraction Mixture-Acetonitrile and hexane3, each saturated with 
the other, were used to extract diflorasone diacetate from the polyoxy- 
propylene 15 stearyl ether -mineral oil mixtures. 


Standard Solutions-Standard solutions containing 0.0002, 0.001, 
0.002,0.01,0.1, and 0.5 mg of diflorasone diacetate/ml of acetonitrile were 
used to generate a calibration curve. The slope obtained with linear re- 
gression of the ahsorhance data was 0.057 (~k0.00012 SO). 


Sample Solution-An appropriate amount of the diflorasone diace- 
tate polyoxypropylene 15 stearyl ether-mineral oil solution was weighed 
accurately into 20-ml vials, and 7.0 ml each of acetonitrile and hexane 
were added. The mixture was shaken for 20 min and centrifuged at 2000 
rpm for 15 min. After centrifugation, a portion of the acetonitrile layer 
was transferred to another vial and held for assay. The diflorasone di- 
acetate propylene glycol-water solutions were filtered, and an appropriate 
weight of the solubility solution was diluted with acetonitrile and held 
for assay. 


I iPLC Procedure-A high-performance liquid chromatograph4, 
operated a t  amhient temperature, was equipped with a UV detector5 for 
monitoring the column effluent at  254 nm. The stainless steel column, 
30 cm X 3.9 mm (i.d.), was packed with a bonded-phase nonpolar surface6. 
A 20-pl loop injection valve' was used to introduce samples into the 
chromatographic system. 


Mobile Phase-The mobile phase, deionized water-acetonitrile (4555 
v/vf, was degassed prior to use. 


Chromatography--A flow rate of 2.0 ml/min and a chart speed of 
0.051 cm/min were used. The detector sensitivity was adjusted as needed 


2 Distilled in glass. Burdick and Jackson. 
:' Spectroquality. Matheson, Coleman & Hell. 


6 pHondapak C18, Waters Associates. 
7 Rheodyne model 70-10. 


Altex model 110 solvent pump. 
Altex model 153. 
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Figure 2-Component parts of the percutaneous diffusion apparatus 
(bottom to top): the receptor compartment, waxedfilm gasket, clamp, 
hairless mouse skin section, rubber “0” ring, and donor compart- 
ment. 


for each sample. Aliquots of 20 pl of the sample solutions and standard 
solutions were injected, the absorbance ( A U )  was measured a t  254 nm, 
and the solubility of diflorasone diacetate was calculated using: 


10 


- 5  


- 1  


-0 .5  5 
w u 
U 
U 


-0.1 8 
0.05 0‘ 


k 
U 


- 
t 
a 


-0.01 


AU X D.F. 
0.057 X W Sd.d. = (Eq. 9) 


where &.d. is the solubility of diflorasone diacetate in milligrams per 
gram, D.F. is the dilution factor, 0.057 is the slope of the calibration curve, 
and W is sample weight (grams) of solubility solution. A typical chro- 
matogram is shown in Fig. 1. 


Partition Coefficient Determination-The partition coefficients 
between hairless mouse skin and the various vehicles were determined 
as follows. Skin sections, 1.35 cm in diameter, were placed in 20.0-ml vials 
and weighed. Then 10 ml of each vehicle containing 3H-diflorasone di- 
acetate8 was added. The vials were shaken with a wrist-action shaker for 
3 and 5 days, and the skin sections and vehicles were assayed for 3H- 
diflorasone diacetate. The partition coefficients, K,, were calculated 
using: 


dpm/mg of skin 
dpm/mg of vehicle K ,  = (Eq. 10) 


Equilibrium was reached in 3 days. 
Percutaneous Transport Procedures-Preparation of Hairless 


Mouse Skin-Female hairless miceg were sacrificed, and the skin was 
removed just prior to use. The skin sections were assembled in the per- 
cutaneous diffusion apparatus shown in Figs. 2 and 3. The following 
procedure was used to assemble the percutaneous diffusion apparatus. 


The lower portion (receptor compartment) of the glass diffusion cell 
was clamped over the magnetic stirring motors and connected to the 
water bath set at  37”. The degassed, buffered balanced salt solution 
(Table I) was added, and a waxed filmlo gasket was placed on the top of 
the receptor compartment. The skin section was placed over the gasket 
(care was taken to exclude air bubbles under the skin). Then a rubber “0” 
ring, coated with white wax, was placed over the skin section. The upper 


8 Synthesized by R. S. P. Hsi, The Upjohn Co. 
9 Jackson Laboratories, Har Harbor, Me. 


10 Parafilm, American Can Co. 


Figure 3-Assembled percutaneous diffusion apparatus. Included are 
a water bath, 10 diffusion cells, and a magnetic stirrer. 


portion (donor compartment) of the glass diffusion cell was clamped in 
place, an additional 3 ml of buffered balanced salt solution was added 
through the side arm, and 1.0 ml of formulation was applied to the 
skin. 


Receptor Compartment Analysis-At various times, 2.0 ml of the 
receptor solution was withdrawn and placed in scintillation vials. Scin- 
tillation cocktailll, 15 ml, was added, and the samples were assayed using 
a liquid scintillation spectrometer12. Quench corrections were made with 
a calibration curve. 


3HH-Diflorasone Diacetate Formulations-The formulations used in 
the transport experiments are shown in Table 11. 


RESULTS 


An attempt was made to optimize diflorasone diacetate release from 
aqueous and lipid vehicle systems. Propylene glycol was selected as the 


@ 5- 0.05 O.l! 


0.011 


O.Ool t /f‘ 


0.005 1 
0.001 1 


I .  I 
0 0.2 0.4 0.6 0.8 1 
PROPYLENE GLYCOL, weight fraction 


Figure 4-Solubility and partition coefficients of diflorasone diacetate 
as a function of the weight fraction of propylene glycol in deionized 
water; average (h SD) of four determinations. Key: 0. solubility; and 
0, partition coefficient. 


* I  PCS, AmershamlSearle. 
I *  Searle Mark 111. 
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POLYOXYPROPYLENE 15 STEARYL ETHER, weight fraction 
Figure !+Solubility and partition coefficients of diflorasone diacetate 
as a function of the weight fraction of polyoxypropylene 15 stearyl ether 
in mineral oil (85 viscosity);average (* SD) of four determinations. Key: 
0, solubility; and 0, partition coefficient. 


aqueous miscible solvent since it is a satisfactory solvent for steroids and 
is commonly used in many topical steroid formulations. A fairly new 
solvent, polyoxypropylene 15 stearyl ether, also was selected because of 
its good solvent capacity for diflorasone diacetate. It is a nonirritating 
emollient miscible with mineral oil. 


Solubility and Parti t ion Coefficients of Diflorasone Diacetate 
in Propylene Glycol-Water Mixtures-The solubility and partition 
coefficients (defined by Eq. 10) of diflorasone diacetate, as a function of 
the weight fraction of propylene glycol, are shown in Fig. 4. The increase 
in solubility and the decrease in the partition coefficient as the weight 
fraction of propylene glycol is increased can be described by Eqs. 3 and 
4, respectively. From these data, a and p were calculated to be 9.4 and 
2.9, respectively. Since a is larger than 0, Eq. 8 predicts that  an increase 
in the percutaneous penetration rate of diflorasone diacetate should result 
when the weight fraction of propylene glycol is increased, provided a 
saturated solution is maintained. 


Solubility and Parti t ion Coefficients of Diflorasone Diacetate 
in Polyoxypropylene 15 Stearyl Ether-Mineral Oil Mixtures-The 
solubility and partition coefficients of diflorasone diacetate in the poly- 
oxypropylene 15 stearyl ether-mineral oil solvent systems are shown in 


\ 
0.02' 0 L 
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POLYOXYPROPYLENE 15 STEARYL ETHER, weight fraction 


Figure 6-Steady-state flux of U.U5%, "-diflorasone diacetate for- 
mulations containing various weight fractions of polyoxypropylene 15 
stearyl ether in mineral oil (85 viscosity). The solid line wasgenerated 
using Eq.  8. The points are experimental values obtained from pene- 
tration studies. 


t 


Figure 7-Cumulative amount of 3H-diflorasone diacetate diffusing 
through hairless mouse skin as a function of time. Key: 0,0.05% (For- 
mula 9); and 0 ,0 .1% (Formula 13). 


Fig. 5. Both the solubility and partition coefficient curves are biphasic 
with the transition a t  a point where the weight fraction of polyoxypro- 
pylene 15 stearyl ether is approximately 0.15. The reason for this biphasic 
solubility and partitioning is not known. However, each portion of these 
curves can be described by Eqs. 3 and 4. Since there are two slopes each 
for the solubility and partition coefficient, there are two a and two 6 
values. For weight fractions of polyoxypropylene 15 stearyl ether up to 
0.15, a and 0 are 20 and 17, respectively; for weight fractions larger than 
0.15, a and 0 are 3.7 and 3.5, respectively. 


Since a and 0 are comparable in both cases, the percutaneous pene- 
tration rate of diflorasone diacetate should be independent of the weight 
fraction of polyoxypropylene 15 stearyl ether, as predicted by Eq. 8. This 
hypothesis should be true, provided a saturated solution of diflorasone 
diacetate is maintained and the solvent does not affect the barrier 
properties of the skin. An excess of solvent should result in a decreased 
flux since the partition coefficient declines while the concentration of 
dissolved drug remains constant. 


Percutaneous Penetration of Diflorasone Diacetate Formulated 
in Polyoxypropylene 15 Stearyl  Ether-Mineral Oil-The steady- 
state flux of 3H-diflorasone diacetate as a function of the weight fraction 
of polyoxypropylene 15 stearyl ether is shown in Fig. 6. The solid line was 
generated using the theoretical Eq. 8. Experimental values for the soh -  
hility and partition coefficients and a skin resistance of 6666 hr/cm were 


I .  
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PROPYLENE GLYCOL, weight fraction 
Figure 8-Steady-state flux of 0.05% diflorasone diacetate forrnula- 
tions containing various weight fractions of propylene glycol in deion- 
ized water. The solid line was generated using Eq. 8. The points are 
experimental values obtained from penetration studies. 
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HOURS 
Figure 9-Cumutatiue amount of 14C-propytene giycol diffusing 
through hairless mouse skin as a function of time. Key  fI4C-propylene 
glycol in deionized water): 0,  10%; 0,3076; B, 50%; 0, 70%; and A, 
90%. 


used in the calculations. The data points are the experimental values 
obtained from the penetration studies. 


The low value obtained in the vehicle without polyoxypropylene 15 
stearyl ether could be attributable to the low solubility and slow disso- 
lution rate of diflorasone diacetate in mineral oil. The other data points 
agree with the theoretical line. The decrease in flux of the 0.05% di- 
florasone diacetate solutions obtained for vehicles containing greater than 
0.15 weight fraction of polyoxypropylene 15 stearyl ether is expected. This 
result occurs because the partition coefficient is reduced while the con- 
centration of dissolved diflorasone diacetate remains constant. 


The theoretical model also predicts that  the steady-state flux will be 
maintained as long as saturation of the drug in the vehicle exists. 
Therefore, increasing the amount of diflorasone diacetate in a formulation 
should not result in a greater steady-state flux. This will be true for a given 
period of time if the drug and solvent do not affect the skin barrier and 
if the vehicle is saturated with drug since the skin is the rate-limiting 
barrier. Figure 7 shows the comparison of two percentages of diflorasone 
diacetate in the polyoxypropylene 15 stearyl ether-mineral oil system. 
The steady-state penetration rates obtained with 0.05 and 0.1% diflora- 
sone diacetate were similar. These data suggest that no additional ther- 
apeutic benefit will result from the use of a 0.1% formulation. 


Percutaneous Penetration of Diflorasone Diacetate Formulated 
in Propylene Glycol-Water Mixture-The influence of propylene 
glycol on the penetration rate of 0.05% diflorasone diacetate formulations 
is shown in Fig. 8. The solid line was generated as described previously. 
The penetration rate should increase as the propylene glycol weight 
fraction is increased to 0.7 and should decrease beyond this point. The 
experimental values are greater than the predicted values according to 
the theoretical model. One feasible explanation for the deviation is su- 
persaturation, which would result in larger penetration rates. These 
formulations were prepared by dissolving the diflorasone diacetate in 
propylene glycol and then adding water. Up to 5 days was required to 
reach equilibrium solubility when this method was used. 


Differential scanning calorimetry of diflorasone diacetate crystals 
obtained from propylene glycol-water mixtures indicated a change in 
the polymorphic form, which might explain the prolonged equilibration 
time. These high experimental values could also be attributed to the loss 
of some water from the vehicle due to evaporation. Even though the donor 
compartment was sealed in these experiments, some water could evap- 
orate and condense on the stopper, which would cause an increase in the 
weight fraction of solvent and result in a larger flux. 


Percutaneous Penetration of ‘4C-Propylene Glycol--Figure 9 
shows the percutaneous penetration data of I4C-propylene glyc01’~ 
through hairless mouse skin. Propylene glycol penetrated the skin rather 
easily, and the skin resistance to propylene glycol decreased as the weight 
fraction of propylene glycol increased (Fig. 10). Further evidence that 
propylene glycol decreases the diffusional resistance of skin was obtained 
by pretreating skin sections in propylene glycol for 18 hr (Fig. 11). The 
skin sections treated with propylene glycol were very dry and without 
supple characteristics. The penetration rate of diflorasone diacetate 


~~ 


13 ICN Isotope and Nuclear Division. 
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Figure 10-Resistance of hairless mouse skin t o  the penetration of 
14C-propyLene glycol as a function of the weight fraction I4C-propylene 
glycol in deionized water. 


through the propylene glycol-pretreated skin was twice the rate without 
pretreatment. 


SUMMARY 


An important factor affecting topical bioavailability is the release rate 
of the drug from the vehicle. The development of topical formulations 
should include the use of theoretical models and appropriate experi- 
mental procedures to quantify drug-vehicle interactions and topical 
bioavailability. This procedure should be used in early biological 
screening as well as in the design of final marketed products. In biological 
tests of topical drugs, the vehicle and its effects on the release rates of test 
compounds must be considered to  avoid biased results due to vehicle- 
drug interactions. 


The data presented demonstrate the effects of two solvents on the in 
uitro penetration rate of diflorasone diacetate. Incorporation of too much 
solvent in the vehicle resulted in a decreased penetration rate. In the 
polyoxypropylene 15 stearyl ether-mineral oil systems, it was possible 
to obtain similar penetration rates with 0.05 and 0.1% diflorasone di- 
acetate formulations by selection of the optimum weight fraction of the 
solvent for the given percentage of diflorasone diacetate. Selection of a 
common vehicle with too high a solvent composition would have given 
a larger flux for the 0.1% formulation. Another observation was that the 
steady-state flux for both concentrations was maintained during the time 


Figure I I-Effect o/pretreating hairless mouse skin with propylene 
glycol on the flux of 3H-diflorasone diacetate. Formulation 8 was ap- 
plied to the skin sections. Key: 0,  skin pretreated with propylene glycol; 
and 0, untreated skin. 
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of the experiment (approximately 24 hr). 
Based on these results, one could hypothesize that one daily application 


would be sufficient for the optimal therapeutic effect, provided the for- 
mulation is not washed or rubbed off by the patient. The results also show 
that the formulation with 0.1% diflorasone diacetate offers no therapeutic 
advantage over the 0.05% formulation. Recent clinical studies comparing 
the therapeutic benefit of diflorasone diacetate 0.05 and 0.1% ointments 
(28) support this hypothesis. 
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Abstract  o A high-pressure liquid chromatographic method for the 
assay of benzoyl peroxide in dermatological preparations is described. 
Degradation products such as benzoic acid and perbenzoic acid do not 
interfere. The method is simple, precise, accurate, and stability indi- 
cating. 


Keyphrases 0 Benzoyl peroxide-high-pressure liquid chromatographic 
analysis in pharmaceutical preparations High-pressure liquid chro- 
matography-analysis. benzoyl peroxide in pharmaceutical preparations 
0 Keratolytics-benzoyl peroxide, high-pressure liquid chromatographic 
analysis in pharmaceutical preparations 


Renzoyl peroxide is inherently a very reactive com- 
pound, and its chemical stability has been studied exten- 
sively. Depending on the experimental conditions (tem- 
perature, pH, solvent, e tc . ) ,  the degradation of benzoyl 
peroxide may lead to benzoic acid, biphenyl, phenyl ben- 
zoate, benzene, and carbon dioxide. In alcoholic solutions, 
the degradation products were carbon dioxide, benzoic 
acid, and alcohol esters of benzoic acid (1). In pharma- 
ceutical lotions, benzoic acid was the significant product 
(2). 


BACKGROUND 
The existing stability assays f i r  benzoyl peroxide in pharmaceutical 


preparations have used spectrophotometric, iodometric, polarographic, 
and TLC techniques (3-6). Controversial claims of superiority of one 
method over the others have been made. Gruher and Klein (4) reported 
that the polarographic method is superior to the spectrophotometric 
method which, in turn, is much better than the iodometric method. 
Simmons tt a/ .  (6) compared the iodometric method with a combination 
TLC-spectrophotometric method and reported good agreement in assay 
results, suggesting that the iodometric method is stability indicating. 


Daly et al. (5 )  reported “fair agreement” between the assay results by 
the iodometric method and a combination TLC-iodometric method. 
Furthermore, the results were reported to be lower than the corre- 
sponding assay results by the iodometric and spectrophotometric 
methods of Gruber and Klein (4). From these observations, Daly et al. 
(5) concluded that the described iodometric method is a stability-indi- 
cating procedure. This iodometric procedure has been accepted as the 
USP method for benzoyl peroxide in lotions (7). 


In evaluating the stability-indicating nature of the methods, one or 
both of the following criteria were used: 


1. The results obtained by the method should agree with those ob- 
tained by a separate and inherently stability-indicating “reference” 
method (e.g., chromatographic methods). 


2. The results obtained by the method should be lower than those 
obtained by other methods. 
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Abstract 0 A rapid high-pressure liquid chromatographic method for 
determining the nitroglycerin concentration in liquid dosage forms and 
intravenous admixture solutions is presented. A coefficient of variation 
of less than 1.8% was achieved over the concentration range most com- 
monly encountered (50-500 Wg/ml). A variable wavelength detector ( X  
= 218 nm) and a micro-alkyl phenyl column were employed. The mobile 
phase was acetonitrile-tetrahydrofuran-water (26: 1064). Total analysis 
time was 12 min. 


Keyphrases o Nitroglycerin-assay of liquid dosage forms and intra- 
venous solutions, stability, degradation products 0 Stability-nitro- 
glycerin in intravenous solutions 0 High-pressure liquid chromatogra- 
phy-analysis, nitroglycerin liquid dosage forms and intravenous solu- 
tiom 0 Cardiac vasodilators-nitroglycerin, analysis, liquid dosage forms 
and intravenous solutions 


Intravenous nitroglycerin (glyceryl trinitrate) is com- 
monly used for patients with acute myocardial infarction. 
Several methods of preparing such solutions for human 
patients have been reported (1-3). Recent reports indi- 
cated that intravenous nitroglycerin solutions lose potency 
when prepared or stored in certain containers (4-6). This 
loss may be due to degradation or adsorption. Thus, a rapid 
and accurate assay of nitroglycerin in intravenous solutions 
is needed. 


BACKGROUND 


Nitroglycerin is the triester of nitric acid and glycerol. Breakdown 
occurs by a stepwise loss of nitrate groups (Scheme I). 


Spectrophotometric methods require little instrumentation but are 
time consuming and complex and do not indicate stability (7-10) or 
differentiate nitroglycerin, mononitroglycerin, dinitroglycerin, and en- 
dogenous nitrates. TLC (11-13) is selective but not quantitative. Al- 
though polarographic methods (14,15) offer both selectivity and sensi- 
tivity, they require sophisticated instrumentation not available in many 
laboratories. 


A kinetic method of analysis (16) based on the transient appearance 
of a chromophoric intermediate during base hydrolysis offers speed and 
specificity but lacks sensitivity. GLC methods (17-21) give sensitivity 
for nitroglycerin in excess of that required. Some give the desired selec- 
tivity. However, all require a time-consuming extraction into an organic 
solvent. 


Two normal phase high-performance liquid chromatographic methods 
were reported (22,23). Both reporta failed to discuss interference from 
excipienta and breakdown products, and both methods require extraction 
into an organic solvent. Assay sensitivity is potentially a problem when 
applying these methods to intravenous nitroglycerin admixture solu- 
tions. 
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A new method is described here that allows the rapid direct measure- 
ment of nitroglycerin in intravenous admixture solutions, offers adequate 
sensitivity, and provides the potential for measuring breakdown prod- 
ucts. 


EXPERIMENTAL 


Materials-Nitroglycerin* [lo% in lactose or 1% (viv) in ethanol], 
ismorbide dinitrate* (25% in lactose), and sublingual nitroglycerin tablets3 


ICI, Wilmington, Del. 


Eli Lilly and Co., Indianapolis, Ind 
* Napp Chemicals, Lodi, N.J. 
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Table I-Accuracy and  Precision Data 
Nitroalvcerin Peak Height Ratios Adjusted 


Concentration, (Nitroglycerinhsosorbide Dinitrate) Group 
ue/ml Samole 1 Samde  2 SamDle 3 SamDle 4 Mean Mean Group SD 


~~~ 


500 3.955 4.028 4.120 4.048 4.047 100.2 1.8 
400 3.257 3.242 3.213 3.225 3.234 100.1 0.6 
300 2.367 2.393 2.407 2.390 2.392 98.8 0.5 
200 1.622 1.598 1.615 1.605 1.610 100.0 0.7 
100 0.803 0.81 1 0.807 0.806 0.807 100.5 0.4 


0.403 0.400 0.398 0.398 0.400 100.8 0.6 
- - - - - 100.1 1.5 Overall 


50 


Table  11-Admixture Measurement Data  
Theoretical 


Nitroglycerin 
Intravenous Concentration, Measured Concentration, pg/ml Mean, 


Solution udml  Bottle A Bottle B Bottle C Bottle D d m l  SD 


Normal saline 50 47.5 51.3 48.5 55.5 50.6 3.4 
Dextrose (5%) 50 49.5 50.0 52.0 48.4 50.0 1.5 
Normal saline 100 104.1 100.8 101.8 99.3 101.5 2.0 
Dextrose (5%) 100 100.5 100.7 98.7 99.4 99.8 0.9 
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Figure l-(a) Chromatogram of a mixture of all the components of 
interest. Key: I ,  glycerin; 2, mixture of the two mononitroglycerins; 3, 
mixture of the two dinitroglycerim; 4 ,  isosorbide dinitrate; and 5, ni- 
troglycerin. (b) Actual chromatogram of nitroglycerin (50 pglml) in 
0.9% NaCl using a 40-pl  injection. Key: I ,  isosorbide dinitrate; and 2, 
nitroglycerin. 


USP were used as received. 1,2-Dinitroglycerin, 1,3-dinitroglycerin, 1- 
mononitroglycerin, and 2-mononitroglycerin were synthesized4 using 
literature methods (24). Glass-distilled acetonitrile, methanol, and tet- 
rahydrofuran were used for all procedures6. Five percent dextrose in water 
USP (D5W) and sodium chloride injection USP (0.9% NaCI) in 250-ml 
glass bottles were used for admixture solutions6. Purified water USP was 
purified' further prior to use. 


Instrumentation-The liquid chromatographic system consisted of 
a solvent pumping systema, a septumless syringe-loading sample injectorg. 
a variable wavelength detectorlo, and a 10-mv recorder". A 30-cm X 
3.9-mm column packed with alkyl phenyl bonded to silica gel1* (10 pm), 
a detector wavelength of 218 nm, and a chart speed of 20 cm/hr were 
employed. Sample injections of 1 0 4 0  pl were used. 


Mobile Phase-Approximately 1 liter of mobile phase was prepared 
fresh daily by thoroughly mixing 260 ml of acetonitrile, 100 ml of tetra- 
hydrofuran, and 640 ml of water. The mobile phase was filtered through 
a 0.5-pm fiIterl3 prior to use and pumped at  a constant rate of 2 mllmin, 
which yielded a pressure of less than 1600 psi. 


Standard Curve-An accurately weighed sample of nitroglycerin (or 
isosorbide dinitrate), equivalent to 100 rng of active ingredient, was placed 
in a 100-ml volumetric flask and either dissolved in 10 ml of alcohol USP 
and brought to volume with water or dissolved in approximately 95 ml 
of water by vigorous agitation and then brought to volume with water. 
Lower concentrations were obtained by proper dilutions with water, 5% 
(v/v) ethanol, or appropriate intravenous solutions. 


Standard concentrations of 500,400,300,200,100, and 50 pg/ml were 
prepared in quadruplicate. To 1.0 ml of each standard or sample was 
added 150 p1 of isosorbide dinitrate (0.5 mg/ml), the internal standard; 
each was vortexedI4 for 5 sec and chromatographed. Peak heights were 
measured for nitroglycerin and isasorbide dinitrate. The peak height ratio 
(nitroglycerinlisosorbide dinitrate) was then plotted uersus the nitro- 
glycerin concentration to yield a calibration curve. 


Admixtures-Admixture solutions were prepared to test the practi- 
cality of the method. Either 25 or 50 ml of intravenous solution was 
withdrawn from the intravenous bottle with a syringeI5, and then 25 or 
50 ml of a 0.5-mg/ml nitroglycerin solution was added to the bottle, also 
with a syringe, to yield a theoretical concentration of 50 or 100 Ccglml. The 
solutions were thoroughly mixed and then sampled with a syringe. 


Midwest Research, Kansas City, Mo. 
Burdick & Jackaon, Muskegon, Mich. 
McCaw Laboratories, Irvine, Calif. 
Milli-Q water purification system. Millipore Corp.. Bedford. Mass * Series 2, Perkin-Elmer Corp., Norwalk, Conn. 
Model 7105, Rheodyne. Berkele ,Calif. 


10 LC-55A. Perkin-Elmer Cor drwalk ,  Conn. 
'1 Model 023, Perkin-Elmer z i p . .  Norwalk, Conn. 


pBondapak phen I ,  Waters Associates, Milford, Mass. 
Millipore Corp., iedford. Mass. 


14 Votes Genie mixer, Scientific Products, McGaw Park, 111. 
1K Becton, Dickinson and Co.. Rutherford, N.J. 
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RESULTS AND DISCUSSION 


The direct measurement of nitroglycerin in intravenous solutions in 
the presence of the anticipated breakdown products, glycerin, 1- 
mononitroglycerin, 2-mononitroglycerin, 1,2-dinitroglycerin, and 1,3- 
dinitroglycerin, is achieved for the first time. The potential to quantitate 
the anticipated breakdown products exists but has not yet been pursued, 
and no effort to resolve the dinitroglycerins or the mononitroglycerins 
was made. Other components of a potential intravenous formulation or 
admixture such as dextrose, sodium chloride, phosphate, and acetate ions 
or alcohol do not interfere with the quantitation of the nitroglycerin. A 
chromatogram illustrating the obtainable separations is seen in Fig. 1. 


The described procedure, using 1 ml of sample or standard and 150 pl 
of internal standard, allows an accurate assay of nitroglycerin over the 
concentration range commonly encountered in nitroglycerin liquid dosage 
forms and intravenous admixture programs (5C-500 pglml). Quantitation 
down to 5 pg/ml is poseible with smaller quantities of internal standard, 
and the detection limit of 0.5 pg/ml is achievable with 10O-pl injections. 
Still greater sensitivities are possible through the use of larger injection 
volumes or increased percentages of acetonitrile, which brings the peaks 
closer to the origin of the chromatogram, resulting in sharper peaks. 
However, this increase in sensitivity is counterbalanced by the decreased 
resolution of potential breakdown products. 


Accuracy and Precision-Four replicate nitroglycerin samples (500, 
400, 300, 200, 100, and 50 pg/ml) were chromatographed (Table I). A 
correlation of better than 0.999 was consistently obtained, as was a 
coefficient of variation of less than 1.8%. 


Applicability-Hospitals presently employ three procedures to make 
standard nitroglycerin solutions, which are then used to prepare intra- 
venous admixtures. Sublingual tablets are crushed and dissolved in sterile 
water for injection. Nitroglycerin in lactose is dissolved in a similar 
manner. Alcoholic nitroglycerin solutions are diluted to the required 
concentrations. Solutions prepared from each of these nitroglycerin 
materials were successfully analyzed by the described method, and no 
interferences were encountered in any instance. 


A standard, 0.5 mg/ml, prepared from nitroglycerin in lactose was used 
to prepare a series of intravenous admixtures. This series was then ana- 
lyzed to illustrate method practicality (Table 11). 


Unlike a methanol-water mobile phase, the acetonitrile-tetrahydro- 
furan-water mobile phase does not precipitate the lactose from the 
sample. Thus, the rapid pressure increases seen with methanol-water 
mixtures due to the clogging of column inlet filters are not encountered. 
The tetrahydrofuran is necessary only to resolve the glycerin and the 
mononitroglycerins. If this resolution is not required, the tetrahydrofuran 
portion of the mobile phase can be replaced with an equivalent amount 
of acetonitrile. The presence or absence of salts (i.e., sodium nitrate and 
sodium phosphate, monobasic) or a variation of the mobile phase pH (pH 
4-7.5) has no effect on resolution or retention times of components. 
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Abstract 0 A differential pulse polarographic procedure was developed 
for the assay of dimercaptosuccinic acid and tin(]]), components of a 
commercially available pharmaceutical kit for kidney scintigraphy. The 
method is quantitative and qualitative for both the chelated and un- 
chelated forms of dirnercaptosuccinic acid and tin(I1) in a mixture of the 
two. 


Keyphrases 0 Dimercaptosuccinic acid-analysis, differential pulse 
polarography, in radiopharmaceuticals, and tin 0 Tin-analysis, dif- 
ferential pulse polarography, in radiopharmaceuticals, and dimercap- 
tosuccinic acid 0 Polarography, differential pulse-analysis, dirner- 
captosuccinic acid and tin in radiopharmaceuticals Scintigraphy, 
kidney-analysis of dimercaptosuccinic acid and tin(!]) in commercial 
preparations, differential pulse polarography 


Dimercaptosuccinic acid (I) possesses clinical impor- 
tance as a detoxification agent for mercury, arsenic, and 
other heavy metals (1) and, more recently, in conjunction 
with tin(I1) and 99mtechnetium as a radiopharmaceutical 
for kidney scintigraphy (2-4). Although the chemistry of 
several I chelates has been studied ( 5 )  with application to 
biological systems (6 ,7) ,  little work has been done to de- 
velop a specific analytical procedure. 


UV procedures (8, 9) depend on the I thiol reducing 
properties and are inappropriate in the presence of another 
reducing agent. Since tin(I1) is present in the kidney re- 
agent final product (3  mM I + 1 mM SnCld, an alternative 
means of analysis is necessary. Krejcarek et al. (10) em- 
ployed differential pulse polarography to analyze both 
tin(I1) and I but gave few details of their unpublished 
procedure. McBride et al. (11) employed the same tech- 
nique to quantitate tin(I1) in pyrophosphate and poly- 
phosphate radiopharmaceutical kits. 


This paper expands on this recent work and presents a 
quantitative and qualitative technique to analyze both the 
chelated and unchelated forms of I and tin(@ in a mixture 
of the two. The method was successfully applied to ampuls 
of final product reagent. 


EXPERIMENTAL 


Reagents and Chemicals-The reagents and chemicals used were 
meso-dimercaptosuccinic acid, anhydrous stannous chloride', and ana- 
lytical grade lithium perchlorate2, sodium phosphate.7H203, and citric 
acid3. The mercurp used was triple distilled. 


Instrumentation-A polarographic analyzer5, equipped with a 
drop-time assemblyfi, was used in conjunction with a three-electrode 
system consisting of a dropping mercury electrode, a silver-silver chloride 
reference electrode, and a platinum counter electrode. The mercury 
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Figure 1-Sample polarograms of ampul in supporting electrolyte 
(polarogram A) and with addition of excess I (polarogram B). 


column height was 60 cm; the automatic drop time was 0.5 sec. At this 
column height, the dropping mercury electrode had an open circuit drop 
time of 7.36 sec and a mercury flow rate of 0.93 mg/sec in the buffer. 


A scan rate of 2 mvhec and a pulse amplitude of 25 mv were employed. 
The current range was set a t  1 pamp, and the scan range was 0.75 v. The 
samples were scanned positively from -0.70 to +0.05 v against silver- 
silver chloride, and the differential pulse polarograms were obtained on 
an x-y recorder'. 


Dissolved air was removed from solutions by bubbling prepurified 
nitrogen through the cell for 5 min and passing it over the solution during 
polarography. 


Determination of I and Tin(n) in Kidney Reagent-Dilute tin(I1) 
solutions such as those used in this procedure are susceptible to oxidation, 
especially when exposed to light. Consequently, it is essential to establish 
a technique that minimizes exposure to air and light. Dimercaptosuccinic 
acid slowly hydrolyzes in solution; standards and reagenL9 containing this 
material should be prepared just before use. 


A 150-pI aliquot of the freshly opened ampul of kidney reagent final 
product was diluted to 10 ml with deaerated pH 3.0,O.l N LiC104-0.1 
M citrate-phosphate buffer supporting electrolyte, and the polarogram 
was recorded. The peak current a t  -0.30 v (due to the unchelated I) was 
measured and compared to a standard calibration curve for unchelated 
I. A second peak current a t  about -0.51 v (due to the reduction of che- 
lated stannous ion) was measured also and compared to a standard curve 
for chelated tin@). This second value was then normalized with respect 
to stoichiometry [at this pH, the chelate formula is S n ( l ) ~ ]  and added to 
the unchelated I value to arrive a t  the total I concentration (Fig. 1A). 


Another 150-pl aliquot of the ampul contents was transferred to a 
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Table I-Peak Currents  of I and Tin(I1) Solutions 


Concentra- Concentra- i, (microamperes) a t  
I Tin(l1) 


E =  - - - tion, tion, E =  - 
mM mM -0.51 v -0.30 v -0.20 v -0.08 v 


- - 1.13 - - 0.0580 
0.0580 0.0108 0.28 0.68 - 0.16 
0.0580 0.0161 0.40 0.49 - 0.21 
0.0580 0.0215 0.52 0.20 0.05 0.26 
0.0580 0.0269 0.61 Shoulder 0.12 0.28 
0.0580 0.0323 0.71 - 0.25 0.31 


second 10-ml volumetric flask, flooded with excess deaerated 1 solution 
(1.5 ml of 1 mM solution) to ensure complete chelation of the tin, and 
diluted to volume with deaerated supporting electrolyte. The solution 
was analyzed polarographically and the peak current was measured a t  
-0.51 v. Comparison to the standard curve of chelated tin gave the total 
stannous content (Fig. 1B). 


Standard free I and chelated tin(11) curves were prepared. Five solu- 
tions, ranging in concentration from 0.012 to 0.018 mM of both 1 in the 
absence of tin and tin(11) flooded by an excess of I. were diluted in sup- 
porting electrolyte. The I solutions were analyzed polarographically, and 
the peak currents measured at  -0.30 v were plotted against the respective 
concentrations to obtain the free I calibration curve. Similarly, for tin(11) 
solutions in an excess of I, the peak currents a t  -0.51 v were measured 
and plotted against concentration to obtain the chelated tin(1l) calibra- 
tion curve. 


RESULTS AND DISCUSSION 


Tin(]]) in the absence of I had two distinct polarographic peaks in pH 
3.0,O.l N LiC104-0.1 M citrate-phosphate buffer. One, a t  -0.20 v, was 
due to the tin(r1) to tin(1v) oxidation. The second, a t  -0.45 v, was due to 
the reduction to tin metal. When tin(l1) was chelated by I, these peaks 
shifted to -0.45 and -0.51 v, respectively. The standard curve was linear 
with concentration, demonstrating that the method can be used to de- 
termine chelated tin(][). Tin(1v) will produce a reduction peak only in 
the presence of high hydrogen-ion and chloride-ion concentrations (12) 
and does not interfere in this electrolyte. 


The I wave a t  -0.30 v is due to the oxidation of mercury to form the 
mercury mercaptide salt and not to oxidation of the sulfhydryl group 
itself (13-16). A t  0.15-0.6 mM levels, the peak current appeared to he 
independent of concentration, remaining virtually the same as the con- 
centration was increased fourfold. A second standard curve a t  much lower 
concentrations (0.012-0.018 mM), however, was linear. The mercury 
mercaptide product apparently coats the mercury drop, preventing 
further oxidation. This phenomenon could aLS0 have produced the erratic 
baselines encountered when the scan was initiated a t  0.0 v and scanned 
negatively. T o  avoid this result, all polarograms were begun a t  -0.70 v 
and scanned positively. 


Adding tin(l1) to I decreased the peak a t  -0.30 v, while a new peak a t  
-0.08 (chelated I) grew. Further addition of tin(]]) resulted in the com- 
plete elimination of the fred I peak and the emergence of a second new 
peak at  -0.20 v [unchelated tin(11)1 (Table I). Since the total I concen- 
tration was known and the remaining free I and the chelated tin(r1) 
concentrations could be evaluated, the stoichiometry of the chelate could 
be determined. At this pH, tin@) was complexed to two I molecules, 
confirming the previous work (10) where the same ratio was determined 


Table  11-Final Product  Kidney Results 


Ampul I ,  mM Tin(rI), mM 


First of filling 3.05 1.02 
operation 


Middle of fillinz 3.05 1.01 
operation 


o eration 


operation 


Last of filling 3.17 1.03 


Mildl e of filling 3.13 


3.09 0.97 


by difference U V  spectroscopy. Electrolytically reducing an aliquot of 
the final product a t  -0.75 v uersus silver-silver chloride produced only 
the free I peak a t  -0.30 v when analyzed polarographically. These addi- 
tional data provide convincing evidence of complexation. 


Three ampuls taken at  various stages of a production filling operation 
were analyzed for I and tin(1r) content. A fourth ampul was analyzed in 
triplicate for both components. The results (Table 11) are precise and 
show good correlation with the quantities added. 
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Abstract  0 A previously described electron-capture CLC method for 
determination of isosorbide dinitrate in human plasma was adapted for 
the simultaneous determination of isosorbide dinitrate, isosorbide 2- 
mononitrate, and isosorbide 5-mononitrate using a capillary column. 
Quantitation was done with two internal standards. The lower limits of 
detection were approximately 0.5 ng/ml of plasma for isosorbide dinitrate. 
2 ng/ml for isosorbide 2-mononitrate, and 20 ng/ml for isosorbide 5- 
monon i trate. 


Keyphrases 0 Isosorbide dinitrate-and mononitrates, simultaneous 
electron-capture CLC analysis, human plasma 0 GLC, electron cap- 
ture-analysis, isosorbide dinitrate and mononitrates, human plasma 


lsosorbide mononitrates-and dinitrate, simultaneous electron-cap- 
ture GLC analysis, human plasma 


The mononitrated metabolites of isosorbide dinitrate, 
isosorbide 2-mononitrate and isosorbide 5-mononitrate, 
are pharmacologically active and may contribute to the 
drug's therapeutic effect (1-4). Therefore, it is of interest 
to measure the levels of these metabolites together with 
the parent compound in plasma. 


A method was described previously for the quantitative 
determination of isosorbide dinitrate in human plasma 
with electron-capture GLC (5 ) ,  but quantitative mononi- 
trate determination is sometimes difficult because of in- 
terfering peaks. This paper presents a modified method 
for simultaneous determination of isosorbide dinitrate and 
its two metabolites using a capillary column. 


EXPERIMENTAL 


Reagents and Materials-Ethyl acetate was pesticide grade'. Iso- 
sorbide 2-mononitrate, isosorbide 5-mononitrate, isoidide mononitrate, 
and isomannide dinitrate were prepared as previously described (6). 
Isosorbide dinitrate was available as a powder*. Charcoal, activated and 
neutralized, was washed three times with ethyl acetate3. 


Instrumental  Conditions-The analysis was performed on a gas 
chromatograph4 equipped with a linear "Ni-electron-capture detector5. 
The detector was operated with methane (5% v/v) in argon a t  a flow rate 
of 22.5 ml/min. The 25-m X 0.5-mm i.d. glass capillary column was 
deactivated and wall coated with 0V-17fi. The carrier gas was helium, 
prefiltered through a gas purifier7 a t  a flow rate of 7.5 ml/min. Temper- 
atures were: injector, 200O; column, 165'; and detector, 250O. Direct on- 
column injection without stream splitting was used. The peak areas were 
recorded on a recording integrate$. 


Procedure-All glassware was silanized as described previously 
(5). 


The extraction procedure reported earlier (5) was slightly modified. 
To 2-ml of plasma in a glass-stoppered 10-rnl centrifuge tube were added 
the internal standards isoidide mononitrate (25 ng) and isomannide di- 
nitrate (200 ng). The plasma was extracted twice with 4 ml of ethyl acetate 
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2 Cedona, The Netherlands. 


4 Hewlett-Packard 5730 A series. 
6 Hewlett-Packard model 18713 A 
6 RSL. Belgium. 


8 Hewlett-Packard 3380 A. 
Alltech Associates. 


by shaking for 10 min. After separation from the aqueous phase by cen- 
trifugation (10 min, 6ooo rpm), the organic phase was removed, avoiding 
the lipoprotein interface. 


T o  the combined organic phase in another 10-ml tube, 55 mg of char- 
coal was added. The solution was shaken a few times by hand and cen- 
trifuged for 20 min a t  7000 rpm. The organic phase was transferred into 
a 6-ml glass-stoppered conical tube and evaporated to dryness under a 
nitrogen flow a t  room temperature. The residue was immediately dis- 
solved in 20 pl of ethyl acetate and stored a t  -18' until analysis. After 
evaporation of the ethyl acetate to approximately 5 pl under nitrogen, 
0.3 pl was injected into the wide-bore glass capillary column. 


Quantitation and Reproducibility-As the internal standard for 
the mononitrates, isoidide mononitrate was used; for isosorbide dinitrate, 
isomannide dinitrate was used. Human plasma samples spiked with in- 
creasing concentrations of isosorbide dinitrate (-0 ng/2 ml), isosorbide 
2-mononitrate (5-100 ng/2 ml), and isosorbide 5-mononitrate (50-1000 
ng/2 ml) were carried through the whole procedure. The ratios of the test 
product peak areas to the internal standard peak areas were plotted 
uprsus the test product concentrations, and a least-squares linear re- 
gression analysis was performed. Values of unknown plasma drug con- 
centrations were determined from this calibration graph. 


RESULTS AND DISCUSSION 


Typical chromatograms of a blank plasma sample and of a spiked 
plasma sample are shown in Fig. 1. When the ratios of the peak area of 
isosorbide dinitrate to that of its internal standard were calculated and 
plotted uersus the isosorbide dinitrate concentrations in spiked plasma 


I I I I 1 I I 1 I b 4 8 12 16 d0.k 4 8 12 16 20 
MINUTES 


Figure I-Gas chromatograms of 2-ml human plasma extracts. Left: 
blank plasma. Right: plasma spiked with 20 ng of isosorbide 2-mono- 
nitrate (retention time of 4.18 min), 25 ng of isoidide mononitrate (5.67 
min), 200 ng of isosorbide 5-mononitrate (8.28 min), 5 ng of isosorbide 
dinitrate (11.84 min), and 200 ng of isomannide dinitrate (17.04 
m i d .  
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MINUTES 
Figure 2-Gas chromatogram of a 2-ml plasma sample extract obtained 
from a suhject 6 hr ofter intakc of 120 mg of isosorbide dinitrate slow- 
rc)lcase preparation; 25 ng of isoidide mononitrate (retention time of 
5.67 min) and 200 ng of isomannide dinitrate (1 7.03 min) were added 
as intcrnal standards. Key (retention time): 3.18 min, isosorbide 2- 
mononitrate; 8.27 min,  isosorhidc Fj-mononitrate; and 11.83 min, iso- 
sorhide dinitrate 


samples, a linear relationship was found for the concentration range 
studied, and the intercept of the standard curve was negligible. The same 
was true for isosorbide 2-mononitrate and isosorbide 5-mononitrate. 


As for isosorhide dinitrate (5). the recoveries of the mononitrates from 
plasma were quantitative. The relative standard deviations for analyses 
performed on different days were 7.01 for isosorbide dinitrate (11 sam- 


ples, 5-20 ng), 9.13 for isosorbide 2-mononitrate (11 samples, 10-39 ng), 
and 10.96 for isosorbide 5-mononitrate (11 samples, 100-300 ng). The 
lower limits of detection were approximately 0.5 ng/ml of plasma for 
isosorbide dinitrate, 2 ng/ml for isosorbide 2-mononitrate, and 20 ng/ml 
for isosorbide 5-mononitrate. 


After daily injections on the column, the glass injector adaptor was 
replaced weekly. 


Figure 2 shows a typical plasma chromatogram 6 hr after intake of 120 
mg of an isosorbide dinitrate slow-release preparation. 


Several investigators reported difficulties with the quantitative mo- 
nonitrate determination by conventional packed column GLC due to 
peak interference mainly with isosorbide 5-mononitrate (7-9). The 
wall-coated capillary column used here provides a suitable means of 
analyzing the isosorbide mononitrates with the required efficiency and 
specificity. 
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Abstract 0 Methadone, morphine, or naloxone extraction from brain 
homogenates, plasma, and urine is described. An aqueous sample was 
loaded on a surgical gauze support, which was washed with extracting 
solvents. Aqueous samples remained on the support, and nonpolar drugs 
partitioned into the lipophilic extracting solvent. The procedure recov- 
ered 80-100?6 of nanogram levels of methadone, morphine, or naloxone 
from biological samples. In addition, an approximate 10-fold timesaving 
capacity was demonstrated compared to standard liquid-liquid extrac- 
tion techniques. 


Determination of tissue narcotic drug levels frequently 
involves radiolabeled drug administration. Following al- 
kalinization, the lipophilic drugs are extracted from tissue 
preparations using standard liquid-liquid extraction 
techniques (1-5). These techniques typically involve 
partitioning the drug between two immiscible liquids by 
shaking, phase separation by centrifugation, and drug 
analysis in the nonpolar solvent phase or in the aqueous 


Keyphrases 0 Methadone-analysis, liquid-liquid extraction, brain, 
blood, plasma, urine Morphine-analysis, liquid-liquid extraction, 
brain, blood, plasma, urine Naloxone-analysis, liquid-liquid ex- 
traction, brain, blood, plasma, urine o Liquid-liquid extraction-anal- 
ysis, methadone, morphine, naloxone, brain, blood, plasma, urine 0 
Narcotic analgesics-methadone, morphine, naloxone, liquid-liquid 
extraction, brain, blood, plasma, urine 


phase after back-extraction. Improved methods for mor- 
phine and related drug extraction have not altered the 
basic liquid-liquid extraction technique (4,6). 


A rapid, efficient extraction technique for tissue mor- 
phine and related drug determination is presented here. 
Extraction of tritiated methadone, morphine, and nalox- 
one from brain, plasma, and .urine samples is described. A 
polar support (gauze sponges) held an aqueous tissue ho- 
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BRATTON-MARSHALL METHOD 
Figure I-Relationship between the percent of chlorothiazide dose 
excreted in the urine of four dogs as determined by HPLC and Brat- 
ton-Marshall methods. Key: 0,125-750 mg PO; and 0 ,250  mg io. 


administration of chlorothiazide (coefficient of variation 
of 26-5096 for the various doses irrespective of analytical 
method) than after intravenous administration (coefficient 
of variation was 1.0% by the HPLC method and 2.5% by 
the Bratton-Marshall method). 


These results clearly indicate that interferences by 
urinary constituenth, which vary during the experimental 
period and with the extent of dilution of the urine speci- 
men (3,4, B),  can cause appreciable errors in chlorothiazide 
bioavailability estimates based on the colorimetric pro- 
cedure and that HPLC should be the analytical method 
of choice in all future urinary excretion-based bioavail- 
ability studies on chlorothiazide and, perhaps, other 
thiazide diuretics. 
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Localization of Isoproterenol-Induced 
Contractions of Canine Small Intestine 


Keyphrases Isoproterenol-in uiuo effects on small intestinal motor 
activities, dogs 0 Motor activities in uitro-effect of isoproterenol on 
muscularis mucosa and muscularis externa motility 


To the Editor: 
The proposition is generally accepted that the cate- 


cholamines produce relaxation of the small intestinal 
musculature of a number of species via a- and ,&receptor 
mechanisms. This acceptance was gained because excep- 
tions to this rule were rarely noted and were usually in- 
consistent or segment related. These scattered observa- 
tions have not been systematically analyzed to determine 
what possible common threads connected them. 


For all practical purposes, most experimental evidence 
for the small intestinal relaxatory activities of the cate- 
cholamines has derived from in vitro and in situ studies 
involving dogs, cats, rats, rabbits, mice, and guinea pigs. 
The only serious disagreement arises with the canine 
ileum. Some years ago, it was reported (1, 2) that occa- 
sionally high dosages of isoproterenol produced marked 
stimulation of the ileum of the anesthetized dog in situ, but 
no explanation for this phenomenon was advanced. Since 
that time, we have observed similar anomalous effects of 
isoproterenol stimulation on the canine small intestine. 
Thus, the purpose of this communication is to propose a 
unifying theory with respect to the excitatory activities of 
catecholamines on the mammalian GI tract. 


Kokas and Gordon (3) reported that the villi of the ca- 
nine small intestine were specifically stimulated by p- 
adrenergic agents and that this effect was enhanced by 
a-adrenolytics. Later, we also observed that stimulatory 
effects of (3-adrenergic agents on canine ileal segmenting 
activities in the chloralose-urethan anesthetized animal 
became predictably reproducible following pretreatment 
by a-adrenolytics. Intravenous doses of isoproterenol 
usually produced marked jejunal and ileal segmenting 
activity. Both bilateral vagotomy and atropine were inef- 
fective in blocking this small intestinal response. Prior 
administration of the a-adrenolytic phenoxybenzamine 
potentiated the response (Fig. l), which was blocked by 
dichloroisoproterenol (not depicted). 


We subsequently decoupled the canine ileal tunica 
muscularis from the muscularis mucosa (4) and demon- 
strated that the P-excitatory effect upon the latter occurs 
pari passu with the inhibitory effect on the former. Again, 
the excitatory effects of the 0-agonists are enhanced by 
pretreatment with a-adrenolytics. In experiments using 
the classical tissue bath technique, contractions of the 
circular and longitudinal components of the muscularis 
were recorded (Fig. 2). Isoproterenol had opposite effects 
in different parts of the ileum of the same animal. The 
tunica muscularis portion of the ileum exhibited a relax- 
ation response to a fixed dose of isoproterenol, whereas the 
muscularis mucosa portion exhibited only a tonic con- 
tractile response to the same dose of the P-agonist. These 
observations using mechanically decoupled effector sys- 
tems are identical to the results obtained by Kokas and 
Gordon (3) without decoupling but by specific observations 
of the motility of the villi. 
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Figure I-Polygram showing the effect of intravenous isoproterenol, repeated once, on a phenoxybenzamine background on femoral arterial blood 
pressure and jejunal and ileal intraluminal pressure activities. 
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Figure 2-Polygram showing in vitro effects of isoproterenol on the 
muscular components of the canine ileum. 


A systematic review of the literature indicates that, in- 
sofar as gross organ motility is concerned, the canine ileum 
is the one system observed in uitro or in situ in which the 
adrenergic effect is not always inhibitory. Basic histology 
also tells us that this is the only system that exists in the 
aforementioned species, from the cardia to the rectum, in 
which the muscularis mucosa forms a physically significant 
effector layer (similar to humans) in terms of the ratio of 
layer thickness to inner layer radius. 


Therefore, we advance the general proposition that P- 
adrenergic agents in high doses are usually stimulatory to 
the muscularis mucosa and that they are potentiated by 
a-adrenolytics. We also support the proposition that the 
@-agents are inhibitory of the motility of the tunica mus- 
cularis. In terms of gross organ motility, we believe that the 
net effect of any agent will be primarily determined by its 
effect on the more physically significant of the coupled 
effector systems. 
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Bioavailability under Variable Renal 
Clearance Conditions 


Keyphrases Bioavailability-method for assessment under variable 
renal clearance conditions 0 Renal clearance conditions, variable-effect 
on bioavailability 0 Pharmacokinetics-bioavailability under variable 
renal clearance conditions 
~-~ ~ 


To the Editor: 
Several methods are used to calculate the bioavailability 


of a drug, i.e., the fraction of the administered dose that 
reaches the general circulation. Bioavailability can be 
determined from single (1-4) or multiple ( 5 )  doses, as well 
as a t  steady state (6). 


The most popular methods for assessing bioavailability 
involve single test and reference doses. A comparison de- 
termination of the total area under the plasma concen- 
tration uersus time curve, AUCO,, or the total amount ex- 
creted unchanged in urine from time = 0 to time = -, A;, 
between the test dose and a reference dose is made. The 
assumptions in these methods are: 


1. Total plasma clearance is the same in the test dose 
and reference studies when the areas are used for bio- 
availability assessment. 


2. The fraction excreted unchanged in the urine, f e ,  is 
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of the experiment (approximately 24 hr). 
Based on these results, one could hypothesize that one daily application 


would be sufficient for the optimal therapeutic effect, provided the for- 
mulation is not washed or rubbed off by the patient. The results also show 
that the formulation with 0.1% diflorasone diacetate offers no therapeutic 
advantage over the 0.05% formulation. Recent clinical studies comparing 
the therapeutic benefit of diflorasone diacetate 0.05 and 0.1% ointments 
(28) support this hypothesis. 
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Abstract  o A high-pressure liquid chromatographic method for the 
assay of benzoyl peroxide in dermatological preparations is described. 
Degradation products such as benzoic acid and perbenzoic acid do not 
interfere. The method is simple, precise, accurate, and stability indi- 
cating. 


Keyphrases 0 Benzoyl peroxide-high-pressure liquid chromatographic 
analysis in pharmaceutical preparations High-pressure liquid chro- 
matography-analysis. benzoyl peroxide in pharmaceutical preparations 
0 Keratolytics-benzoyl peroxide, high-pressure liquid chromatographic 
analysis in pharmaceutical preparations 


Renzoyl peroxide is inherently a very reactive com- 
pound, and its chemical stability has been studied exten- 
sively. Depending on the experimental conditions (tem- 
perature, pH, solvent, e tc . ) ,  the degradation of benzoyl 
peroxide may lead to benzoic acid, biphenyl, phenyl ben- 
zoate, benzene, and carbon dioxide. In alcoholic solutions, 
the degradation products were carbon dioxide, benzoic 
acid, and alcohol esters of benzoic acid (1). In pharma- 
ceutical lotions, benzoic acid was the significant product 
(2). 


BACKGROUND 
The existing stability assays f i r  benzoyl peroxide in pharmaceutical 


preparations have used spectrophotometric, iodometric, polarographic, 
and TLC techniques (3-6). Controversial claims of superiority of one 
method over the others have been made. Gruher and Klein (4) reported 
that the polarographic method is superior to the spectrophotometric 
method which, in turn, is much better than the iodometric method. 
Simmons tt a/ .  (6) compared the iodometric method with a combination 
TLC-spectrophotometric method and reported good agreement in assay 
results, suggesting that the iodometric method is stability indicating. 


Daly et al. (5 )  reported “fair agreement” between the assay results by 
the iodometric method and a combination TLC-iodometric method. 
Furthermore, the results were reported to be lower than the corre- 
sponding assay results by the iodometric and spectrophotometric 
methods of Gruber and Klein (4). From these observations, Daly et al. 
(5) concluded that the described iodometric method is a stability-indi- 
cating procedure. This iodometric procedure has been accepted as the 
USP method for benzoyl peroxide in lotions (7). 


In evaluating the stability-indicating nature of the methods, one or 
both of the following criteria were used: 


1. The results obtained by the method should agree with those ob- 
tained by a separate and inherently stability-indicating “reference” 
method (e.g., chromatographic methods). 


2. The results obtained by the method should be lower than those 
obtained by other methods. 
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In applying the first criterion, it is essential that  the chosen reference 
method be truly stability indicating. Simmons et al. (6) and Daly et al. 
(5) choseTLC as the reference. However, certain TLC conditions (6) do 
not appear to be capable of separating benzoyl peroxide from its polar 
degradation products ( e g . ,  benzoic acid). The more polar degradation 
products also would migrate with benzoyl peroxide and appear as one 
spot a t  the solvent front. Hence, the TIX method of Simmons et al. (6) 
is not truly stability indicating and the conclusions reached regarding 
its reliability (6) are subject to question. 


The second criterion was applied by Gruher and Klein (4), who con- 
cluded that the iodometric method is not a good stability-indicating 
method. Similar reasoning by Daly et al. (5) led them to conclude that 
their iodometric method is better than the iodometric and the spectro- 
photometric methods of Gruber and Klein. Although Daly et al. (5) re- 
ported fair agreement between the results by the iodometric method and 
the reference TLC method, the reported results indicate that the 
agreement was good only for four of seven cream and lotion samples. 


Clearly, the existing methods for benzoyl peroxide are either stability 
indicating only when applied to certain formulations or only partially 
stability indicating. 


This paper describes the development of a new high-pressure liquid 
chromatographic (HPLC) method for benzoyl peroxide and compares 
its performance with that of the USP iodometric method (7). The HPLC 
method is inherently stahility indicating and is simple, accurate, and 
precise. 


EXPERIMENTAL 


Apparatus-Column 1 was a stainless steel column (50 cm long, 2.6 
mm i.d.) dry packed with macroparticulate (37-50-pm range) bonded 
octadecylsilane material'. The HPLC unit2 had a syringe-type pump, 
a septum injector, and a 254-nm absorbance detector. 


Stability samples were analyzed using Column 2, a commercial column3 
(30cm long, 3.9 mm i.d.) prepacked with microparticulate (10 pm) bonded 
octadecylsilane material. The HPLC unit4 used with this column had a 
low volume positive displacement pump5, a universal injector6, and a 
254-nm absorbance detector7. This change from Column 1 to Column 
2, with a corresponding change in HPLC units, became necessary when 
the former column did not provide adequate separation of benzoic acid 
(a degradation product) from the solvent front. 


Reagents-Hydrous benzoyl peroxideR (-70% benzoyl peroxide) was 
used after assaying within the week by the USP procedure (8). Perbenzoic 
acid was synthesized by the procedure described by Brown (9). Ethyl 
benzoate9 was purified by distillation and used as the internal standard. 
All other reagents used were ACS grade. Water used for preparing HPLC 
eluents and solutions was distilled from an all-glass stilllo. 


Samples-The method was developed utilizing samples of two prod- 
ucts: a gel formulation containing 5% benzoyl peroxide, polyethylene 
glycol lauryl ether, carboxypolymethylene, diisopropanolamine, eth- 
ylenediaminetetraacetic acid, and water; and a lotion containing 4% 
benzoyl peroxide, sodium octoxynol-3-sulfonate, water, dioctyl sodium 
sulfmuccinate, sodium lauryl sulfoacetate, magnesium aluminum silicate, 
methylcellulose, and ethylenediaminetetraacetic acid. 


Control blanks were produced in the same manner as the commercial 
products, except that the benzoyl peroxide was not added. Synthetic 
samples of the gel and lotion formulations were made by adding an ex- 
actly known aliquot of freshly prepared benzoyl peroxide solution in a 
suitable solvent (acetone or acetonitrile) to the corresponding control 
blank. Each synthetic sample was made independently from the control 
blank and benzoyl peroxide stock solution, and the entire sample was 
assayed by the chosen method. 


Synthetic samples prepared as described are close approximations to 
commercial products but have an exactly known amount of henzoyl 
peroxide; the only difference was that benzoyl peroxide was added as a 
solution. To study the effect of relative amounts of control blank and 
benzoyl peroxide, some synthetic samples with various ratios of benzoyl 
peroxide to control blank also were prepared by a similar procedure. 


Bondapak CI$Corasil, Waters Associates. 
Model 1220, Perkin-Elmer. 


3 pBondapak CIS, Waters Associates. 
Model ALC/GPC 204, Waters Associates. 
Model 6000A. Waters Associates. 


6 Model U6K, Waters Associates. 
Model 440, Waters Associates. 


*Aztec Chemicals. 
9 Eastman Chemicals. 


lo Fl-Still4, Barnstead. 
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MINUTES 
Figure 1-HPLC separation of ethyl benzoate and benzoyl peroxide 
using Column I ,  50% acetonitrile in water, and a flow rate of 1 m l l  
min. 


HPLC Method-A sample containing about 40 mg of henzoyl peroxide 
was shaken with 50 ml of acetonitrile until the sample was dislodged from 
the sides and dispersed in solution. The sample solution was then soni- 
cated for 5 min and clarified by centrifugation. The solution for HPLC 
analysis was made by mixing 10 ml of the clear centrifugate with 5 ml of 
ethyl benzoate (-18 mg) solution in acetonitrile and then diluting to 25 
ml with acetonitrile. Unless otherwise mentioned, the following HPLC 
parameters were used: eluent, 50% acetonitrile in water; flow rate, 1 
ml/min; optical density setting, 0.05 unit; recorder, 10 mv full scale; and 
chart speed, 5 mm/min. 


USP  Iodometric Titration Method (5)-Benzoyl peroxide in the 
sample was extracted into acetone, phenyl sulfide was added, and the 
solution was titrated iodometrically. 


RESULTS A N D  DISCUSSION 


HPLC Method Development-Preliminary TLC studies of benzoyl 
peroxide formulations showed that the excipients of the formulations 
are more polar than benzoyl peroxide. Based on this observation, a re- 
versed-phase column was an obvious choice because it permitted the 
elution of excipients before benzoyl peroxide. Furthermore, dermato- 
logical creams and lotions are generally soluble in polar solvents (e.g., 
methanol and acetonitrile), and these solvents are compatible with the 
packing of the reversed-phase column. Sample preparation prior to 
HPLC analysis is simply dissolution and filtration. Acetonitrile was se- 
lected as the solvent for sample dissolution because the samples dissolved 
easier in acetonitrile than in methanol and because benzoyl peroxide is 
much more soluble in acetonitrile. 


The separation of benzoyl peroxide on Column 1 was studied with 
different acetonitrile-water mixtures as eluents. A reasonably symmet- 
rical (gaussian) benzoyl peroxide peak was observed a t  a retention time 
of about 6 min using 50% acetonitrile in water as the eluent a t  a flow rate 
of 1 ml/min. With the same HPLC parameters, ethyl, butyl, and phenyl 
benzoates were evaluated as possible internal standards. Phenyl and butyl 
benzoates gave peaks that were not fully resolved from the benzoyl per- 
oxide peak. Ethyl benzoate was fully resolved and was chosen as the in- 
ternal standard. A typical chromatogram of the benzoyl peroxide and 
ethyl benzoate mixture is shown in Fig. 1. 
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Table I-HPLC Determination of Benzoyl Peroxide in Synthetic 
Gel Samples 8 


Synthetic Sample 
Control Renzoyl Benzoyl 
Blank, Peroxide, Peroxide Recovery, 


g mg Found, mg 96 


2 71.6 71.1, 71.1, 71.4 99.3, 99.3.99.7 
2 95.5 95.3, 94.8, 93.4 99.8, 99.3,97.8 
2 119.5 121.8, 120.3, 119.1 101.9, 100.7,99.7 


Reneoyl peroxide was added to the control hlank as its solution in acetonitrile. 
A sample containing 2 g (control blank) and 100 rng of benzoyl peroxide approxi- 
mates the normal gel containing 5% henzoyl peroxide. 


Likely degradation products of benzoyl peroxide are benzoic acid (2) 
and perbenzoic acid (5). With the same HPLC system as that used to 
ohtain Fig. 1, benzoic acid gave a peak a t  the solvent front, thereby 
causing no interference in the benzoyl peroxide assay. Since it is desirable 
to determine benzoic acid also, particularly in stability studies, the more 
efficient Column 2 was tested to effect the separation of benzoic acid from 
the solvent front. Adequate separation was observed with 5W acetonitrile 
in water as the eluent at  a flow rate of 1 mllmin. Under the same HPLC 
conditions, the separation of ethyl benzoate and benzoyl peroxide was 
also adequate, suggesting that both benzoyl peroxide and benzoic acid 
may be determined by a single HPLC method using Column 2. A typical 
chromatogram of a mixture of the three compounds is shown in Fig. 2. 
The use of Column 1 permits only the determination of benzoyl peroxide 
and not henzoic acid. 


The H1’1,C characteristics of perbenzoic acid were studied using both 
columns. When 5 W  acetonitrile in water was the eluent, perbenzoic acid 
eluted with the solvent front in both cases. With Column 2 and 20% ac- 
etonitrile in water as the eluent, perbenzoic acid could be separated from 
both the solvent front and benzoic acid. A typical chromatogram of the 
henzoic acid and perbenzoic acid mixture is shown in Fig. 3. When the 
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Table 11-HPLC Determination of Benzoyl Peroxide in 
Svnthetic Lotion Samoles 8 


Synthetic Sample 
Control Benzoyl Benzoyl 
Blank. Peroxide. Peroxide 


g mg Found, mg 
Recovery, 


% 


0.9 48.3 48.5,48.6,48.9 100.4, 100.6, 101.2 
1.2 48.3 48.9,48.2,48.4 101.2, 99.8, 100.2 
1.5 48.3 47.9.47.4.41.7 99.2, 98.1, 98.7 


a Benzoyl peroxide WBS added to the control blank as its solution in acetonitrile. 
A sample containing 1.2 g (control hlank) and 48 mg of benzoyl peroxide approxi- 
mates the normal lotion containing 4% henzoyl peroxide. 


development of an HPLC method to include the determination of per- 
benzoic acid was investigated, it was found that perbenzoic acid degraded 
significantly to henzoic acid in dilute solutions. 


In refining and optimizing the HPLC method for the benzoyt peroxide 
assay, commercial samples of henzoyl peroxide gel and lotion were used. 
The conditions for extraction of benzoyl peroxide into solution (disper- 
sion, sonication, and centrifugation) were selected such that the per- 
centage of henzoyl peroxide found in these samples by the HPLC method 
was maximum and further increases in dispersion time or sonication time 
had no effect on the assay values. 


Analysis o f  the control blanks for the benzoyl peroxide gel and lotion 
by the proposed HPLC method showed no chromatographic peaks at  the 
retention times for benzoyl peroxide and ethyl benzoate (internal stan- 
dard). Thus, the control blanks caused no direct interference in the 
benzoyl peroxide assay with either column. 


The results obtained in the analysis of nine synthetic samples repre- 
senting benzoyl peroxide gel (control hlank to benzoyl peroxide ratio 
altered in some cases) with Column I are shown in Table I. The method 
yielded accurate results (average recovery of 99.7%), and the control blank 
to benzoyl peroxide ratio had no noticeable effect on the recovery values. 
Similar data obtained with nine synthetic lotion samples (Table 11) 
suggest that  the method gave accurate results for the lotion also. Again, 
the ratio of control blank to benzoyl peroxide had no noticeable effect 
on the recovery values. 


0.01 
AU t 


- 
0 8 16 


MINUTES 
Figure 2-HP1,C separation of benzoic acid, ethyl benzoate, and ben- 
zoyl peroxide using Column 2,50%, acetonitrile in water, and a flow rate 
of I mllmin. 


L u 
0 4 8 


MINUTES 
Figure 3-HPLC separation of benzoic acid and perbenzoic acid using 
Column 2,20% acetonilrile in water, and a flow rate of 1 mllmin. 
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Table 111-Benzoyl Peroxide Assay of Stability Samples of 
Benzoyl Peroxide Gel by HPLC and  U S P  Methods 


USP Iodometric 
HPLC Method 


Benzoyl 
Stability Peroxide, Percent Benzoic 


Parameters % Initial Acid, % 


Initial 5.77 
60°, 2 days 5.64 97.7 0.20 
60°, 4 days 5.48 95.0 0.27 
60°, 7 days 5.34 92.5 0.44 
60’. 9 davs 5.30 91.9 0.48 


- - 


Method” 
Benzovl 


Peroxide, Percent 
% Initial 


5.39 - 
5.38 99.8 
5.20 96.5 
5.00 92.8 
4.90 90.9 


0 Recommended method for benzoyl peroxide lotions (5). 


Nine analyses of a product sample” of gel containing 10% benzoyl 
peroxide by the HPLC method with Column 1 gave results with a relative 
standard deviation of 0.82%. Similarly, three analyses of the gel containing 
5% benzoyl peroxide gave a relative standard deviation of 1.2%. Analysis 
of the lotion samples containing 4% benzoyl peroxide led to assay values 
with a relative standard deviation of 0.67%. 


Although the precision and accuracy data of the HPLC method were 
collected wing Column 1, the method was as good or better with Column 
2. Five analyses of synthetic benzoyl peroxide gel samples using Column 
2 gave recoveries of 99.9,99.5,99.1,100.7, and 99.7% (average of 99.8%). 
Similarly, five analyses of the gel containing 5% benzoyl peroxide gave 
results with a relative standard deviation of 0.65%. 


Application to Stability Studies-Samples of benzoyl peroxide gel 
were force degraded at  60’. Samples were taken a t  different time intervals 
and assayed by the HPLC method with Column 2. For comparison, the 
samples were also assayed by the USP iodometric method for benzoyl 
peroxide lotions (Table 111). 


Both the HPLC and the USP iodometric methods were stability in- 
dicating (Table 111). Judging from the percent initial values of benzoyl 
peroxide obtained by both methods, the HPLC method showed only 
slightly higher degradation of samples. Excellent agreement between the 
amount of benzoyl peroxide degraded and the amount of benzoic acid 
formed was obtained with the HPLC method, which suggests that benzoic 
acid is the only, or the major, degradation product of benzoyl peroxide 
under the experimental conditions. 


Comparison of the HPLC and USP iodometric methods (Table 111) 
showed that the results (percent benzoyl peroxide) obtained by the USP 


11 Similar composition to 5% benzoyl peroxide gel. 


method were consistently lower. To explain this difference, the accuracy 
of the USP method was evaluated using synthetic benzoyl peroxide gel 
samples. Analysis of three samples gave recovery values of 90.9,90.1, and 
86.6%. Evidently, the USP iodometric method for benzoyl peroxide lotion 
is not suitable for the benzoyl peroxide gel tested. Although the USP 
method appeared to be stability indicating, as judged from the percent 
initial values, i t s  poor accuracy makes its use questionable for this gel. 


Assay of five synthetic samples of benzoyl peroxide lotion by the USP 
method gave an average recovery value of 99.8%. Similar assay of five 
commercial benzoyl peroxide lotion samples gave a relative standard 
deviation of 0.83%. These results showed that the USP iodometric method 
for benzoyl peroxide lotions was accurate and precise. Limited compar- 
ative assay data of benzoyl peroxide lotion samples by the USP iodo- 
metric method and the HPLC method suggest that  both methods are 
stability indicating when applied to lotions. 


In summary, the HPLC method described is stability indicating for 
both gel and lotion formulations of benzoyl peroxide products; further- 
more, the most likely degradation products or impurities, benzoic acid 
and perbenzoic acid, do not interfere in the assay. The method may be 
used with either type of octadecylsilane column. The more efficient 
Column 2, however, permits the simultaneous determination of benzoic 
acid. 
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Identification and Synthesis of a 
Methylated Catechol Metabolite of Glutethimide Isolated from 
Biological Fluids of Overdose Victims 
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Abstract 0 Urine samples from victims severely intoxicated by glu- overdose victims conclusively identified a new 3-methoxy-4-hydroxy- 
tethimide were hydrolyzed enzymatically. TLC, GLC, and mass spectral phenyl metabolite of glutethimide in humans. 
analyses revealed a methylated catechol metabolite of the parent drug. 
Two synthetic pathways are described for the preparation of 2-ethyl- Keyphrases Glutethimide-metabolites identified in human urine, 
2-(3-methoxy-4-hydroxyphenyl)glutarimide and 2-ethyl-2-(3-hy- synthesized Metabolites-f glutethimide, identified in human urine, 
droxy-4-methoxyphenyI)glutarimide. Comparisons of GLC and mass synthesized Sedatives-giutethimide, metabolites identified in human 
spectral data to a compound isolated from the body fluids of glutethimide urine, synthesized 


Since the introduction of glutethimide, (*)-%ethyl- 
2-phenylglutarimide, in 1954 (l), it has been the subject 


of considerable study. Originally assumed to be a non- 
barbiturate and sedative-hypnotic with few side effects 
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High-Performance Liquid Chromatographic Determination of 
Ketoprofen in Blood and Urine 
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Abstract 0 A rapid, simple determination was developed for ketoprofen 
in biological fluids using high-performance liquid chromatography. The 
method requires selective extraction of this antirheumatic medicament 
and an internal standard with ether from the previously acidified plasma 
and urine. After evaporation of the ether, the residue is taken up by 
methanol and analyzed by reversed-phase liquid chromatography with 
detection a t  254 nm. A concentration as low as 0.1 pg/ml can be deter- 
mined with a 0.5-ml sample. 


Keyphrases Ketoprofen-high-performance liquid chromatographic 
determination in blood and urine 0 High-performance liquid chroma- 
tography-analysis, ketoprofen in blood and urine Anti-inflammatory 
agents-ketoprofen, high-performance liquid chromatographic analysis 
in blood and urine 


Ketoprofen (2-( benzoyl-3-pheny1)propionic acid, 11 is 
widely used in rheumatology because of its analgesic and 
anti-inflammatory properties. Pharmacokinetic studies 
of this product in humans and animals require a rapid, 
sensitive, and specific method. Various colorimetric, po- 
larographic, TLC, and GLC methods have been reported. 
However, they generally require large test samples, and the 
operations are lengthy. 


High-performance liquid chromatography (HPLC) 
eliminates these drawbacks and enables the rapid deter- 
mination of plasma and urine concentrations after normal 
therapeutic doses. 


EXPERIMENTAL 


Reagents-Compound I and the internal standard, 2-(henzoyl-3- 
pheny1)hutyric acid ( II ) ,  were synthesized and obtained analytically 
pure'. The ether, methanol, and other reagents were of analytical quality 
and were used without prior purification'. 


Apparatus-A high-performance liquid chromatograph:3 was 
equipped with a spectrophotometer4. The plasma and urinary extracts 
were introduced on a column filled with 10-pm silica particles covered 
by a monomolecular layer of o~tadecylsilane~. The mobile phase was 
methanol-distilled water (4555 v/v). This eluent, previously disengaged 
by magnetic agitation, crossed the Chromatographic column a t  ambient 
temperature with a flow of 1.1 ml/min a t  1800 psig. 


The absorption intensities of I and I1  were measured a t  254 nm using 
an attenuation of 0.05 unit full scale. 


Standard Solutions-All stock and standard solutions of I and I1 were 


I 


II 
~~ ~~ 


Laboratories Specia, Paris, France. 


Model 6Mx) A pump and U6K injector, Waters Associates. 


PBondapack CIS column (4 mm i.d. X 30 cm). Waters Associates. 


2 Prolabo Normapur. 


4 Varian Varichrom. 


prepared in methanol and included a 500-pg/ml ketoprofen stock solu- 
lion, a 500-pcg/ml internal standard stock solution, ketoprofen standard 
solutions (prepared by diluting the stock solution 1:5, l:lO, 3:40, 1:20, 
5:200, 1:100, and 1:200), and a 25-pg/ml internal standard solution 
(prepared by diluting the stock solution 120). These solutions were stored 
in the dark a t  4'. 


Samples-Blood was collected on sodium heparinate and centrifuged 
to separate the erythrocytes. The plasma was frozen until assayed. 


The urinary determinations were carried out on  recovered fractions 
with no special precautions. 


Plasma Determinations-One hundred-microliter aliquots of the 
internal standard solution, a t  25 pg/ml, were transferred to 30-ml stop- 
pered centrifuge tubes and evaporated under a nitrogen stream. Then 
0.5 ml of plasma, 0.5 ml of distilled water, 100 pI of perchloric acid a t  SO%, 
and 10 ml of ether were added to the residue. After mechanical agitation 
tor 15 min, the ether phase extract was removed with 10 ml of ether. The 
combined ether phases were washed by agitation for 5 min with 5 ml of 
1 N HCI and then 5 ml of distilled water. 


The organic phase was dried by passage over anhydrous sodium sulfate 
and evaporated to dryness in a nitrogen stream at ambient temperature. 
Then 100 jd of methanol was added to the residue, and 10 pl of the solu- 
tion was injected into the chromatograph. 


Calibration was achieved by loading the plasma of nontreated subjects 
with increasing quantities of I and fixed quantities of 11. 


One hundred microliters of each I standard solution was introduced 
into 30-ml centrifuge tubes, identical to those used previously, together 
with 1OOpl of the 25-pg/ml internal standard solution. These methanol 
solutions were evaporated in a nitrogen stream, and then 0.5 ml of plasma 
from nontreated subjects was added to each tube. The tubes contained 
quantities of I corresponding to plasma concentrations of 0.5,2.5,5,7.5, 
10, and 20 pg/ml. Each loaded plasma was then treated as already de- 
scribed and injected into the chromatograph. 


Urinary Determination-Two hundred-microliter aliquots of the 
internal standard stock solution (500-pgiml solution) were transferred 
to similar 30-ml centrifuge tubes together with 1 ml of the urine to be 
determined, 100 pl of 10 N NaOH, and 10 ml of ether. After a contact 
period of 10 min and mechanical agitation for 10 min, the ether phase was 
separated and elminated. The aqueous phase was acidified with 1 rnl of 
3 N HCI and then, as with the plasma, ether extraction was performed. 
The residues of the ether extracts were taken up by 1 ml of methanol, and 
5 pl of this methanol solution was injected into the chromatograph. 


4- 


0 2 4 6 8 1 0  
b 


RETENTION TIME, min 
Figure 1-Chromatogram of h u m a n  playma Key  a, control plasma, 
b, plasma of a patient who received 100 mg o f  ketoprofen orally ( 2  hr  
alter administration), I ,  ketoprofen, and 2, internal standard 
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Table I-Values of Plasma and Urinary Calibration Curve 
Points 


Table  11-Accuracy and Precision of I Analysis in Plasma by 
HPLC 


Human Plasma, I Detected Difference, 
I Added to 


p d m l  w d m l  u d m l  


Peak Height 
Ratios between 


I and I1 Equation 


0.125 f 0.01 y = 0.366~ 
0.33 f 0.02 + 0.022 


0.935 f 0.03 
1.98 f 0.04 
2.94 f 0.046 
3.61 f 0.055 
5.43 f 0.07 


Biological Concentration, 
Medium d m l  


Plasma 0.5 
1 
2.5 
5 
7.5 


1 0.92 
1 .oo 
0.95 
1 .oo 
0.86 


-0.08 
0.00 


-0.05 
0.00 


-0.14 
Mean error -0.054 


Relative error -5.4% 
-0.03 


0.00 
0.00 


+0.02 
+0.20 


Mean error +0.050 
Relative error +2.0% 


+0.35 
+0.20 
+0.20 
+0.25 
+0.35 


Mean error +0.27 
Relative error +5.4% 


10 Mean f S D  0.95 f 0.06 
RSD 6.2% 


2.47 


Mean f S D  0.95 f 0.06 
RSD 6.2% 


2.47 
2.50 


15 
10 
50 


100 
150 


Urine 0.155 f 0.003 y = 0.019~ 
0.91 f 0.07 - 0.07 


2.5 
2.50 


1.73 f 0.02 
2.67 f 0.02 
3.80 f 0.03 


2.50 
2.52 
2.70 200 


For calibration, 20,100,200, and 400 p1 of the 500-pg/ml I stock s o h -  
tion were introduced into 30-ml centrifuge tubes. These methanol solu- 
tions were then evaporated in a nitrogen stream. To each tube were added 
1 ml of urine from a nontreated subject and 200 pl of the internal standard 
stock solution. The rest of the procedure was as described for plasma. 


Calculations-The peak height ratios between the ketoprofen stan- 
dard and those of the internal standard were plotted as the ordinate, and 
the corresponding ketoprofen concentrations were plotted on the abscissa. 
The unknown plasma or urine concentrations were calculated from the 
calibration curves thus obtained. 


5 


5.20 
5.25 
5.35 


5.25 f 0.07 
RSD 1.4% 


Mean f SD 


-5.4, +2, and +5.4%. 
The precision of the method was examined similarly by comparing the 


results between these five replicate samples a t  each concentration level. 
The mean detected concentrations were 0.95, 2.54, and 5.25 pgimi for 
samples of 1.00,2.50, and 5.00 pg/ml, respectively. The standard devia- 
tions were 0.06.0.09, and 0.07 pg/ml. respectively, and the corresponding 
relative standard deviations were 6.2, 3.6, and 1.4%. 


RESULTS 


Separation-Separation of the ketoprofen and the internal standard 
was satisfactory since retention times were 5.3 and 8 min, respectively 
(Figs. lb  and 2b), under the experimental conditions proposed. Moreover, 
none of the normal constituents of either plasma or urine appeared on 
the chromatograms. 


Extraction Yield-Extraction yields of I were determined by adding 
known quantities of 1 to 10 reference plasma samples. Extractions were 
performed as already described, and the internal standard was added to 
the extracts obtained. The average extraction yield was 84.1 f 5.2%. 


Linearity-Peak height ratio values of I and I1 as a function of the 
concentration of I are given in Table I. Good linearity was observed both 
for plasma and urine. 


Accuracy and Precision-The accuracy of the method was checked 
by carrying samples a t  three concentration levels in replicates of five 
through the entire method; the detected concentration was calculated 
from a pooled standard curve. The accuracy is indicated by the mean 
error between the detected and theoretical values (Table 11). The mean 
errors were -0.054, +0.050, and +0.27 pg/ml for the 1.00-, 2.50-, and 
5.00+g/ml samples, respectively. Their corresponding relative errors were 


DISCUSSION 


The presence of two benzene rings in I allows chromatography of this 
molecule on a nonpolar column and its detection a t  254 nm, its absorption 
maximum. The sensitivity achieved is sufficient for the plasma and uri- 
nary contents encountered. However, some substances present in bio- 
logical media, and equally extractable in an acid medium, could show up 
if the extraction is not sufficiently selective. 


Extraction conditions were chosen after various tests concerned with 
agitation time and the type and volume of solvents. Of the solvents tested 
(chloroform, methylene chloride, ethyl acetate, and ether), ether gave 
the best results. A good baseline was obtained if washing was carried out 
with 1 N HCI and distilled water as previously suggested (1). 


No improvement was achieved by purification tests, either by passage 
through an alkaline medium followed by further extraction or by passage 
over Amberlite XAD2 resin. 


The great affinity of I for plasma proteins (over 90%) (2) required their 
denaturation, and perchloric acid afforded better yields than hydrochloric 
acid. 


Since most I is eliminated in the urine as the glucuronide, hydrolysis 
is necessary. In accordance with previous results (3), the addition of 10 
N NaOH to the urine specimen gave better results after 10 min than 
enzymatic hydrolysis with Hetix pomatia juice after 24 hr. 


Urine contents, about 10 times those of plasma contents, require the 
use of more concentrated standards. 


The method proposed is simple, sensitive, and rapid for the determi- 
nations of I in biological fluids during kinetic studies. It avoids the prior 
formation of methyl derivatives, a drawback with GLC. 


I 
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RETENTION TIME, min 
Figure 2-Chromatogram of human urine. Key: a, control urine; b, 
urine of a patient who receioed 100 mg of ketoprofen orally (Z+hrcol- 
lected urines); 1, ketoprofen; and 2, internal standard. 
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Abstract  0 Contact angles of various liquids and surfactant solutions 
on polytef and paraffin were measured. Critical surface tension values 
were obtained by extrapolation of plots of cosine of the contact angles 
versus corresponding surface tension values. Contact angles measured 
using polyoxyethylene octylphenols produced linear Zisman plots and 
yielded critical surface tensions that agreed with accepted values. This 
liquid series provides a reasonable approach to the measurement of 
critical surface tension for solid drugs that are soluble in organic liquids 
but relatively insoluble in water. 


Keyphrases 0 Surfactants, polyoxyethylene octylphenols-test liquids 
for measurement of critical surface tension o Surface tensions-analysis. 
various drugs, solid-liquid mixtures, surfactants o Structure-activity 
relationships-surface tension, various surfactants 0 Contact angles- 
wetting of pharmaceutical solids 


Critical surface tension, yc, was introduced as an em- 
pirical index of the wettability of solid surfaces (1) where 
yc represents the liquid surface tension at  which liquids 
just spread over the solid surface. Liquids whose surface 
tension is below yc wet the solid completely, while liquids 
whose surface tension exceeds yc do not. The latter form 
drops with contact angles greater than 0' on the solid 
surface. 


BACKGROUND 


To determine the critical surface tension of a particular solid, a series 
of liquids with different surface tensions are applied to the surface of the 
solid and the contact angles, 8, are measured. A plot of cosine of the 
contact angle uersw liquid surface tension is often linear. Extrapolation 


f 
-B. 
1 I 1 I I I 


CONCENTRATION, x 10) M 
1.0 1.0 2.0 3.0 4.0 6.0 6.0 


Figure I-Surface tension QS Q function of surfactant concentration. 
Key: 0, polyoxyethylene (5) octylphenol; and 0, polyoxyethylene (40) 
octytphenol. 


Table  I-Properties of Polyoxyethylene Octylphenols 


Average 
Number of Average 


Oxyethylene Molecular 
Groups per Weight, YL'I9 
Molecule daltons dyneshm 


5 
I 
9 


12 
12.5 I 
16 
30 
40 


420 
514 
596 
734 
756 
910 


1526 
1966 


28.5 
28.8 
30.0 
31.1 
33.0 
34.7 
38.8 
40.0 


a Using 2.5 x LObR M aqueous solutions. 


of this plot to where the casine of the contact angle equals 1 yields the 
critical surface tension. 


The composition of the liquid mixture influences the critical surface 
tension (2), possibly due to interfacial interaction (3). Anionic, cationic, 
and nonionic surfactants in aqueous solution have been used to determine 
the yc values of polytef and polyethylene (4). Experiments were carefully 
done by using diluted surfactant solutions to vary the surface tension. 
Zisman plots of the surfactants exhibited discontinuities a t  points that 
corresponded to the critical micelle concentration (CMC) of the surfac- 
tants. When the surfactant concentrations were higher than the CMC, 
the plots were linear and indicated the correct values of yc. 


There has been little work on the determination of yc values for 
pharmaceutical substances other than aspirin ( 5 ) .  Such research would 
be useful because of the importance of wetting in dispersion of powders 
(6) and dissolution (7). The selection of suitable liquids for the deter- 
mination of yc presents some problems. Hydrocarbons have surface 
tensions that are too low to be useful with many pharmaceutical powders. 
Other organic liquids and liquid mixtures may be used, but many drugs 


30 t 
0.00 0.10 0.20 0.30 


CONCENTRATION, % wlv 


Figure %--Sur/ace tension as Q function of surfactant concentration. 
Key: 0, polyethylene gl.ycol 600 monostearate; and 0, polyethylene 
glycol 4000 monostearate. 
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SURFACE TENSION, dynedcrn 


Figure 3-Cosine of contact angle as a function of surface tension for 
hydrocarbon liquids on polytef. 


expected to have low energy surfaces are quite soluble in semipolar liq- 
uids, and dissolution complicates contact angle measurement. Drugs that 
present problems in wetting are likely to be poorly water soluble. Aqueous 
surfactant solutions should function well in studies of critical surface 
tension because liquid surface tension may be varied (within certain 
limits) and solubility problems are minimized. 


This study investigated the use of surfactant solutions in the deter- 
mination of critical surface tension. Nonionic surfactants were chosen 
since this class is least likely to exhibit specific adsorption effects on solid 
surfaces. A series of solutions graduated in surface tension was prepared 
without extreme dilution by using a family of surfactants differing only 
in polyoxyethylene chain length. 


EXPERIMENTAL 


Ma terials-The nonionic surfactants, polyoxyethylene octylphenolsl 
and polyethylene glycol monostearates*, were used as received. Polytef 
film3 was used after surface cleaning. Paraffin4 was USP grade. Hexanes, 
octane5, dodecane5, and hexadecane? were reagent grade. Water was 
double distilled in an all-glass still. 


Preparation of Surfaces-Polytef film was cleaned with dichromic 
acid cleaning solution, rinsed thoroughly with distilled water, and dried. 
I t  was then affixed to a glass slide with tape. Molten paraffin was poured 
onto a clean glass slide on a hot plate. A smooth sheet of cleaned alumi- 
num foil was placed on top of the paraffin, and a plastic scraper was drawn 


0.80 


a 0.40 is 


0.20 


I 0.00 


i. 
20 30 40 50 
SURFACE TENSION, dynedcm 


Figure 4-Cosine of contact angle as a function of surface tension for 
solutions of polyoxyethylene (5) octylphenol on polytef. 


' Igepal CA-520,620,630,720, and 897, GAF Corp., New York, N.Y. Triton X-102, 


* Ma g 600 MS, lo00 MS, y d  4000 MS, Mazer Chemical Inc., Gurnee, Ill. 


' J. T. Baker Chemical Co. PhUi burg, N.J. 


165, and 305, Rohm & Haas Co., Philadelphia, Pa. 


TeKn,  Du Pont Co., Wilmington, Del. 


MC & B Co., East Ruthekord, fi. 


0.80 - 


0.60 - 


0.40 - 
8 


0.20 - 


0.00 - 


20 30 40 60 
SURFACE TENSION, dynedcrn 


Figure 5-Cosine of Contact angle as a function of surface tension on 
polytef. Key: 0, polyoxyethylene octylphenols; and A, polyethylene 
glycol monostearates. 


across the covered paraffin film. The slide was allowed to cool, and the 
foil was removed just prior to use. 


Methods-Surface tension was measured by the Wilhelmy plate 
method6. Distilled water was used as the standard. 


The advancing contact angles of sessile drops on the flat surfaces were 
measured directly by a goniometer attached to a telemicr~scope~. Mea- 
surements were made a t  25 f l" without humidity control. A drop con- 
taining 20 91 was applied to the surface using a microliter syringe held 
in place by a supporting rack. After 5 min, more liquid was slowly added 
(8) and the advancing angle was measured. Contact angle readings were 
taken from both sides of the drop separately, and at least three individual 
drops were used for each measurement. 


RESULTS A N D  DISCUSSION 


Four different liquid series were used to determine critical surface 
tensions of paraffin and polytef. The first series consisted of pure liquid 
hydrocarbons. The second series consisted of aqueous solutions of 
polyoxyethylene (5) octylphenol in which variations in surface tension 


0.80 


0.601 


O.O0 t \ 


4 
20 30 40 60 


SURFACE TENSION, dyneslcrn 


Figure 6-Cosine of contact angle as a function of surface tension on 
paraffin. Key: 0, polyoxyethylene octylphenols; and A, polyethylene 
glycol monostearates. 


8 Rosano surface tensiometer, Pacific Scientific Co., Newark, N.J. 
Caertner Co., Chicago, 111. 


Journal of pher~ceutlcel sclences / 487 
Vol. 68, No. 4, Aprll 1979 







Table 11-Critical Surface Tensions 


Yl 
Diluted 


Hydrocarbon Surfactant Polyoxyethylene Literature 
Material Series Seriesa Octvbhenols Value 


l’olytef 19.2 19.5 17.9 18.5 (Ref. 1) 
Paraffin - - 24.9 25.5 (Ref. 3) 


Polyoxyethylene (5) octylphenol solutions 


were achieved by dilution. Figure 1 shows the relatiohship between sur- 
face tension and solution concentration for this surfactant, which has the 
shortest hydrophilic group among the octylphenol derivatives. Also in- 
cluded in Fig. 1 are similar data for polyoxyethylene (40) octylphenol, 
which has the longest hydrophilic group. 


The third liquid series contained eight octylphenol derivatives of 
uniform concentration. From the results in Fig. 1.2.5 X M was se- 
lected as the concentration to be used because, a t  that value, small vari- 
ations in concentrat inn would have a negligible influence on surface 
tension. Properties of the surfactants in this series are presented in Tahle 
I. 


The fourth liquid series consisted of some polyethylene glycol mo- 
nostearates. Only three with sufficient water solubility were available. 
Figure 2 is a plot of surface tension as a function of concentration for two 
members of this surfactant family. All solutions for contact angle mea- 
surement contained 0.15% (w/v) of the monostearates; 71. values for 
polyethylene glycol 600, 1000, and 4000 were 35.3,39.7, and 44.2 dynes/ 
cm, respectively. 


Figure 3 is a Zisman plot for hydrocarbon liquids on polytef. The 
critical surface tension determined from this plot, 19.2 dynes/cm, is in 
good agreement with the literature value of 18.5 dynes/cm (1). Results 
with polytef using the second liquid series, diluted solutions of poly- 
oxyethylene (5) octylphenol, are presented in Fig. 4. The curvature this 
plot exhibits interfered with the required extrapolation, but yc was es- 
timated to be 19.5 dynes/cm. 


Contact angles of the two surfactant series on polytef are shown in Fig. 
5. A critical surface tension value for the polyethylene glycol stearates 
was not determined because of the long extrapolation required, but it is 
evident that results with both sets of surfactants were similar. The plot 
of cos 0 uersus y ~ ,  is linear. The same is true for contact angles on pardfin 
(Fig. 6). 


The critical surface tension values obtained on polytef and paraffin 


are summarized in Table 11. In both cases, yc values derived from the use 
of surfactant solutions are quite close to those found using pure nonpolar 
liquids. Values of critical surface tension are not independent of the 
properties of the group of liquids used in their determination (2). The 
agreement in 7,. found with surfactant solutions and hydrocarbon liquids 
supports the notion that surfactant solutions above the CMC behave as 
though the liquid surface were a hydrocarbon (4). In the presence of a low 
energy surface, the adsorbed surfactant film seems to maintain its or- 
ientation and arrangement. 


The use of a family of surfactanki has several advantages over dilution 
of a single compound to vary surface tension. Diluted surfactant solutions 
invariably lead to curved Zisman plots, which make extrapolation to yc 
difficult. This may be because dilution helow the CMC causes the solution 
to lose its compact surface film, and the surface tension acquires a larger 
polar component. Use of a series of surfactants allows maintenance of 
the surface film in each solution and leads to linear plots (Figs. 5 and 
6). 


Furthermore, if adsorption of the surfactant molecules by the solid 
material or a component of the apparatus should occur, the concentration 
of surfactant in a highly dilute solution may be changed sufficiently to 
affect the surface tension in the liquid drop whose contact angle is being 
measured. Thus, the actual surface tension of the liquid would be dif- 
ferent from that ascribed to it. Because concentrations of surfactant so- 
lutions are well above the CMC for each member o f  a surfactant family, 
some adsorption of surfactant would not cause this problem. 


To summarize, critical surface tension values for polytef and paraffin 
determined using a family of solutions containing nonionic surfactants 
agree well with reported values. This liquid series provides a reasonable 
approach to the measurement of yt. values for solid drugs that are soluble 
in organic liquids but relatively insoluble in water. 
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Abstract Advancing contact angles measured on compacts of several 
drugs by the sessile drop method and also by penetration through a col- 
umn of drug granules were used to find the critical surface tension of the 
drugs. After liquid was delivered a t  a very slow rate, the contact angle of 
sessile drops decreased with time, but use of a consistent method of timing 
always led to the same value for critical surface tension. Results from 
penetration studies and work on compacts were in agreement, provided 
that the surfaces of the compacts were smooth and highly reflective. 
Critical surface tension of the six drugs, three analgesics and three sul- 
fonamides, ranged from 31 to 33 dynes/cm. The critical surface tension 


of mixtures of phenacetin and microcrystalline cellulose was not a linear 
function of the relative surface fractions of the two materials. If the 
surface contained 25% or more of phenacetin, the critical surface tension 
barely differed from that of pure phenacetin. 


Keyphrases Surface tensions, critical-various pharmaceutical solids 
analysis, by sessile drop method Surfactants, nonionic-used to de- 
termine surface tensions of various pharmaceutical solids 0 Solids- 
surface tensions o Contact angles-wetting of pharmaceutical solids 


Wetting of a solid by a liquid is an important step in 
several pharmaceutical processes including the prepara- 
tion of suspensions (1) and the adhesion of film coatings 
to tablets (2). The dissolution rate of powdered phenacetin 


was sensitive to  the surface tension of the dissolution 
medium because of differences in wetting (3). 


As described previously (4), the critical surface tension, 
yc, of a solid is a measure of its wettability and is related 
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Figure I-Polygram showing the effect of intravenous isoproterenol, repeated once, on a phenoxybenzamine background on femoral arterial blood 
pressure and jejunal and ileal intraluminal pressure activities. 
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Figure 2-Polygram showing in vitro effects of isoproterenol on the 
muscular components of the canine ileum. 


A systematic review of the literature indicates that, in- 
sofar as gross organ motility is concerned, the canine ileum 
is the one system observed in uitro or in situ in which the 
adrenergic effect is not always inhibitory. Basic histology 
also tells us that this is the only system that exists in the 
aforementioned species, from the cardia to the rectum, in 
which the muscularis mucosa forms a physically significant 
effector layer (similar to humans) in terms of the ratio of 
layer thickness to inner layer radius. 


Therefore, we advance the general proposition that P- 
adrenergic agents in high doses are usually stimulatory to 
the muscularis mucosa and that they are potentiated by 
a-adrenolytics. We also support the proposition that the 
@-agents are inhibitory of the motility of the tunica mus- 
cularis. In terms of gross organ motility, we believe that the 
net effect of any agent will be primarily determined by its 
effect on the more physically significant of the coupled 
effector systems. 
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Bioavailability under Variable Renal 
Clearance Conditions 


Keyphrases Bioavailability-method for assessment under variable 
renal clearance conditions 0 Renal clearance conditions, variable-effect 
on bioavailability 0 Pharmacokinetics-bioavailability under variable 
renal clearance conditions 
~-~ ~ 


To the Editor: 
Several methods are used to calculate the bioavailability 


of a drug, i.e., the fraction of the administered dose that 
reaches the general circulation. Bioavailability can be 
determined from single (1-4) or multiple ( 5 )  doses, as well 
as a t  steady state (6). 


The most popular methods for assessing bioavailability 
involve single test and reference doses. A comparison de- 
termination of the total area under the plasma concen- 
tration uersus time curve, AUCO,, or the total amount ex- 
creted unchanged in urine from time = 0 to time = -, A;, 
between the test dose and a reference dose is made. The 
assumptions in these methods are: 


1. Total plasma clearance is the same in the test dose 
and reference studies when the areas are used for bio- 
availability assessment. 


2. The fraction excreted unchanged in the urine, f e ,  is 


128 I Journal of Pharmaceutkal Sciences 
Vol. 68, No. 1, January 1979 


0022-3549f 79f 0 100-0 128$0 1.OOf 0 
@ 1979, American Pharmaceutical Association 







the same in the reference and test studies when the total 
amount excreted unchanged in the urine is used for de- 
termination of bioavailability. 


A number of drugs, however, demonstrate urine pH and 
urine flow dependent renal clearance; unless the experi- 
mental conditions are rigidly controlled by acidifying or 
alkalinizing the urine pH with ammonium chloride or so- 
dium bicarbonate while maintaining constant fluid intake, 
rend plasma clearance, C l R ,  is likely to vary between and 
within test and reference studies. 


Kwan and Till (7) suggested a method to circumvent this 
situation. When renal plasma clearance differs between 
studies, the renal plasma clearance can be determined from 
the renal excretion rates and the plasma concentrations 
of the unchanged drug between the experiments. The as- 
sumptions in this method are that renal clearance is con- 
stant within an experiment (but, of course, can vary be- 
tween studies) and that the extrarenal plasma clearance 
is the same between studies. 


The assumption of constant renal plasma clearance 
throughout the individual studies is, a t  best, an approxi- 
mation. When studies have to be carried out over longer 
periods, the renal clearance may vary due to fluctuations 
in urine flow and urine pH throughout the day, providing 
the renal clearance is urine pH and urine flow depen- 
dent. 


We propose a method for the determination of bio- 
availability that does not require constant renal clearance, 
neither between experiments nor within an experiment. 
This method allows for the determination of the bio- 
availability of a drug without rigid control of urine pH or 
urine flow, provided the extrarenal plasma clearance is 
unaltered. 


The elimination rate, dA,/dt ,  can be described by: 


(Eq. 1) 


where dAxr/dt is the rate of extrarenal elimination and 
dAr/dt is the rate of renal excretion. 


-=- dAe dAxr+dA,  
dt dt dt 


The extrarenal elimination can be expressed by: 


(Eq. 2) 


where Clxr is the extrarenal clearance and C, is the plasma 
concentration. 


Substitution of Eq. 2 in Eq. 1 and rearrangement 
give: 


(Eq. 3) 


The total amount eliminated from the body from time 
= 0 to time = must be equal to the total amount entering 
the general circulation, FD, and the total amount excreted 
in the urine from time = 0 to time = must be equal to the 
total amount recovered in the urine, A;.  


gives: 


dA, = (CLr) (Cp) (d t )  + dA, 


Therefore, integrating Eq. 3 from time = 0 to time = 


FD = S,” ( C L ) ( C p ) ( d t )  + A; (Eq. 4) 


where F is the bioavailability of the dosage form and D is 
the amount of drug administered. 


Since .f,” (C, ) (d t )  = AUC,” and CZxr is assumed to be a 
constant, the following relationship is obtained: 


(Eq. 5) FD = (Cl,,)(AUC,”) + A; 


When the bioavailability of the reference dose is FS and 
the bioavailability of the test dosage form is FT, FT can 
simply be determined by: 


When the reference dose is an intravenous bolus dose 
where the bioavailability is equal to 1, Eq. 6 can be ex- 
pressed by: 


To use this method, the total area under the plasma 
concentration versus time curve and the amount excreted 
unchanged in the urine from time = 0 to time = for both 
the test drug and the standard are needed. Except for the 
assumption of extrarend plasma clearance constancy, this 
method does not require a constant renal clearance and 
fraction excreted unchanged nor an assessment of the 
pharmacokinetic model. From Eq. 6, i t  can be seen that 
this method cannot be used to assess the relative bio- 
availability of a drug, FTIFS, and is only useful when the 
reference dosage form is an intravenous bolus or if the 
bioavailability of the reference dose is known. 


N.Y., 1975. 


533 (1977). 
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Novel Method for Determining 
Protein Binding of Theophylline 


Keyphrases 0 Theophylline-protein binding determined by ultrafil- 
tration method Protein binding-theophylline, determined by ultra- 
filtration method Binding, protein-theophylline, determined by ul- 
trafiltration method 0 Ultrafiltration method-determination of theo- 
phylline protein binding 0 Relaxants, smooth muscie-theophylline, 
protein binding determined by ultrafiltration method 


To the Editor: 
The kinetics of drug elimination and the apparent bio- 


logical half-life of a drug may be influenced by drug-pro- 
tein interactions (1). Although interpatient and intrapa- 
tient variations in theophylline clearance rates are gen- 
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Table 111-Benzoyl Peroxide Assay of Stability Samples of 
Benzoyl Peroxide Gel by HPLC and  U S P  Methods 


USP Iodometric 
HPLC Method 


Benzoyl 
Stability Peroxide, Percent Benzoic 


Parameters % Initial Acid, % 


Initial 5.77 
60°, 2 days 5.64 97.7 0.20 
60°, 4 days 5.48 95.0 0.27 
60°, 7 days 5.34 92.5 0.44 
60’. 9 davs 5.30 91.9 0.48 


- - 


Method” 
Benzovl 


Peroxide, Percent 
% Initial 


5.39 - 
5.38 99.8 
5.20 96.5 
5.00 92.8 
4.90 90.9 


0 Recommended method for benzoyl peroxide lotions (5). 


Nine analyses of a product sample” of gel containing 10% benzoyl 
peroxide by the HPLC method with Column 1 gave results with a relative 
standard deviation of 0.82%. Similarly, three analyses of the gel containing 
5% benzoyl peroxide gave a relative standard deviation of 1.2%. Analysis 
of the lotion samples containing 4% benzoyl peroxide led to assay values 
with a relative standard deviation of 0.67%. 


Although the precision and accuracy data of the HPLC method were 
collected wing Column 1, the method was as good or better with Column 
2. Five analyses of synthetic benzoyl peroxide gel samples using Column 
2 gave recoveries of 99.9,99.5,99.1,100.7, and 99.7% (average of 99.8%). 
Similarly, five analyses of the gel containing 5% benzoyl peroxide gave 
results with a relative standard deviation of 0.65%. 


Application to Stability Studies-Samples of benzoyl peroxide gel 
were force degraded at  60’. Samples were taken a t  different time intervals 
and assayed by the HPLC method with Column 2. For comparison, the 
samples were also assayed by the USP iodometric method for benzoyl 
peroxide lotions (Table 111). 


Both the HPLC and the USP iodometric methods were stability in- 
dicating (Table 111). Judging from the percent initial values of benzoyl 
peroxide obtained by both methods, the HPLC method showed only 
slightly higher degradation of samples. Excellent agreement between the 
amount of benzoyl peroxide degraded and the amount of benzoic acid 
formed was obtained with the HPLC method, which suggests that benzoic 
acid is the only, or the major, degradation product of benzoyl peroxide 
under the experimental conditions. 


Comparison of the HPLC and USP iodometric methods (Table 111) 
showed that the results (percent benzoyl peroxide) obtained by the USP 


11 Similar composition to 5% benzoyl peroxide gel. 


method were consistently lower. To explain this difference, the accuracy 
of the USP method was evaluated using synthetic benzoyl peroxide gel 
samples. Analysis of three samples gave recovery values of 90.9,90.1, and 
86.6%. Evidently, the USP iodometric method for benzoyl peroxide lotion 
is not suitable for the benzoyl peroxide gel tested. Although the USP 
method appeared to be stability indicating, as judged from the percent 
initial values, i t s  poor accuracy makes its use questionable for this gel. 


Assay of five synthetic samples of benzoyl peroxide lotion by the USP 
method gave an average recovery value of 99.8%. Similar assay of five 
commercial benzoyl peroxide lotion samples gave a relative standard 
deviation of 0.83%. These results showed that the USP iodometric method 
for benzoyl peroxide lotions was accurate and precise. Limited compar- 
ative assay data of benzoyl peroxide lotion samples by the USP iodo- 
metric method and the HPLC method suggest that  both methods are 
stability indicating when applied to lotions. 


In summary, the HPLC method described is stability indicating for 
both gel and lotion formulations of benzoyl peroxide products; further- 
more, the most likely degradation products or impurities, benzoic acid 
and perbenzoic acid, do not interfere in the assay. The method may be 
used with either type of octadecylsilane column. The more efficient 
Column 2, however, permits the simultaneous determination of benzoic 
acid. 
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Abstract 0 Urine samples from victims severely intoxicated by glu- overdose victims conclusively identified a new 3-methoxy-4-hydroxy- 
tethimide were hydrolyzed enzymatically. TLC, GLC, and mass spectral phenyl metabolite of glutethimide in humans. 
analyses revealed a methylated catechol metabolite of the parent drug. 
Two synthetic pathways are described for the preparation of 2-ethyl- Keyphrases Glutethimide-metabolites identified in human urine, 
2-(3-methoxy-4-hydroxyphenyl)glutarimide and 2-ethyl-2-(3-hy- synthesized Metabolites-f glutethimide, identified in human urine, 
droxy-4-methoxyphenyI)glutarimide. Comparisons of GLC and mass synthesized Sedatives-giutethimide, metabolites identified in human 
spectral data to a compound isolated from the body fluids of glutethimide urine, synthesized 


Since the introduction of glutethimide, (*)-%ethyl- 
2-phenylglutarimide, in 1954 (l), it has been the subject 


of considerable study. Originally assumed to be a non- 
barbiturate and sedative-hypnotic with few side effects 
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(2), the drug rapidly gained popularity. However, reports 
of acute intoxication indicated that glutethimide possessed 
abuse potential (3). This drug is toxic in humans a t  doses 
considerably lower than those values previously deter- 
mined from animal experiments (4). 


BACKGROUND 


Currently, toxicology studies as well as analyses of metabolites in both 
humans and animals are actively conducted to ascertain the reasons for 
the toxicity of glutethimide. A metabolite, 2-ethyl-2-phenyl-4-hydrox- 
yglutarimide, was identified (5) in the blood of dogs (6) and patients in- 
toxicated hy glutethimide. This metabolite contributed to the morbidity 
and mortality of overdose victims (7); through biological assays in mice, 
the synthetic metabolite was shown to be as active as the parent drug in 
its sedative-hypnotic properties (8). Many other unusual metabolites 
of the parent drug also have been isolated and identified (8-10). 


The existence of a previously unobserved human metabolite, 2- 
ethyl-2-(3-methoxy-4-hydroxyphenyl)glutarimide (XII), was proposed, 
and it was isolated (11). The designation of a substituted methylated 
catechol ring system was based initially on reports of similar metabolic 
pathways for aromatic rings (12) and on interpretation of mass spectral 
and NMR data. The information obtained from 100 pg of material iso- 
lated from the urine of an overdose victim was initially uncertain hecause 
of the other impurities and metabolites present. Interpretation of mass 
spectral data of the material revealed a tentative molecular ion a t  m/p 
263, pointing to the addition of two oxygen atoms and one methylene 
group to the parent drug. 


Initially, only a tentative conclusion could be reached from the NMR 
data. An NMR spectrum of the crude mixture revealed a singlet a t  6 3.84 
ppm, pointing to the presence of a methoxy group in the sample. From 
these limited data, a methylated catechol metaholite was proposed. 
Therefore, it was necessary to synthesize XI1 and 2-ethyl-2-(3-hy- 
droxy-4-methoxyphenyl)glutamide (IV) to prove the structure of the 
proposed metabolite. The work reported here conclusively confirms the 
identity of a unique positional isomer as a new methylated catechol 
metabolite of glutethimide in humans. 


EXPERIMENTAL 


Sample Procurement-Urine samples were collected from three 
patients, soon after their admission to the hospital, who had taken large 
doses of glutethimide. The urine samples were collected and stored a t  
-10" until the enzymatic hydrolysis. 


Enzymatic Hydrolysis-Urine, 500-ml portions, was acidified to pH 
5.5 with 1 N HCI. Citrate buffer, pH 5.5, was added to a total volume of 
700 ml. An aqueous solution1 of sulfatase and glucuronidase, 1.5 ml, then 
was added, and the mixture was incubated with shaking for 24 hr a t  37'. 
The entire incubation mixture was shielded from light. The mixture then 
was extracted with 3 X 500 ml of ether2. After solvent evaporation, the 
dark extract was stored at  0' prior to preparative GLC. 


GLC-After extraction, each enzymatically hydrolyzed sample was 
evaporated to a small volume. Then repetitive aliquots were injected into 
a preparative gas chromatograph:l, using a 1.5-m X 6.3-mm 15% OV-17 
column4 a t  200". Helium carrier gas a t  40 ml/min yielded a variety of 
peaks which were individually collected. The purity of each collected 
fraction was monitored with an analytical gas chromatograph5, using a 
1.8-m X 3.1 -mm 7% OV-17 glass column4 a t  200" with the flow rate of 
nitrogen carrier gas a t  40 ml/min. 


TLC--A small aliquot from each collected GLC peak was spotted on 
a 5 X 20-cm TLC plate6 and developed with a standard drug-screening 
solvent system (ethyl acetate-methanol-ammonium hydroxide, 85:105). 
After the plate had developed 12 cm, i t  was removed and sprayed with 
mercuric sulfate and diphenyl~arbazone~ (0.5 g of mercuric oxide in 20 
ml of concentrated sulfuric acid, diluted with 200 ml of water; 0.05% di- 
phenylcarbazone in chloroform) to detect glutethimide-related materials 
as violet spots. 


* Glusulase. Endo Laboratories, Garden City, NY 11530. 
Mallinckrodl Chemiral Works, Montreal, Quebec, Canada. 
Model 90-P. Varian Aerograph, Walnut Creek, CA 94598. 
Applied Science I.aboratories, State College, PA 16801. 
Model 2100, Varian Aerograph, Walnut Creek, CA 94598. 


Aldrich Chemical Co., Milwaukee, WI 53233. 
fi Silica gel 60, E.M. Laboratories, Elmsford, NY 10523. 


Table  I-Comparison of GLC Retention Times of Synthetic 
Intermediates and  Analogs of Glutethimide on Various Columns 
Relative to Straight  Chain Hvdrocarbons as Methvlene Units 


Synthetic Compound OV-10 OV-17h ov-210' 


111 20.3 25.4 29.1 
IV 24.0 29.2 32.1 
VI 


v I i  
VIII 


IX 
X 26.2 32.4 35.0 


XI 28.5 34.5 35.5 
XI1 22.0 27.0 31.5 


Five percent on Gas Chrom Q (100-200 mesh); column, 1.8-m X 3.1-mm glass; 
temperature programmed, 6"/min from 175 to 260'; detector and injertor tem- 
perature, 28.5'; nitrogen flow. 60 ml/min; hydrogen flow, 40 ml/min; and air flow, 
,300 ml/min. * Seven percent on Gas Chrom Q (100-200 mesh); column. 1.8-m X 
3. l -mm glass; kmperature programmed. 6"/min from 175 to 260"; detector and 
injector temperature, 285'; nitrogen flow, 60 ml/min; hydrogen flow, 40 rnlhin;  
and air flow, 300 ml/min. Three percent on Gas Chmm Q (100-200 mesh); column, 
1.8-m X 3.l-mrn glass; temperature, ZOOo isothermal; detector and injector tem- 
perature, 2 8 5 O ;  nitrogen flow, 60 ml/min; hydrogen flow, 40 m l h i n ;  and air flnw. 
300 ml/min. 


Iodine vapor also was used to determine the total organics present on 
the plates. Synthetic materials were analyzed using silica gel plates. The 
solvent systems for development are noted with each sample. 


NMR-Individual GLC fractions were dissolved in 75 p1 of deuterated 
chloroform8 (containing 1% tetramethylsilane) and placed in an NMR 
microbulbg sample holder. Each NMR spectrum was recorded on a me- 
dium-resolution NMR instrumentlo. 


Mass Spectrometry-A small aliquot of the analytically pure GLC 
fractions was subjected to 70-ev electron-impact mass spectrometry, using 
a single-focusing, magnetic sector", mass spectrometer interfaced to an 
analytical gas chromatograph12. Each collected GLC peak was either 
volatilized directly into the source of the mass spectrometer by probe 
distillation or analyzed directly by combined GLC-mass spectral tech- 
niques with a jet separator. 


General  Synthetic Methods-Melting points (uncorrected) were 
determined on a capillary apparatusI3. IR spectra were recorded with a 
medium-resolution IR spectr~photometer '~  with sodium chloride cells 
and pressed potassium bromide pellets. Solutions were concentrated 
under reduced pressure using rotary  evaporator^'^. GLC identification 
of synthetic materials utilized an analytical instrument" with a 1.8-m X 
3.1-mm 3% OV-210 (Chromsorb W) column4, a 3.05-111 X 3.1-mm 3% 
Dexil-300 column4, or a 1.8-m X 3.1-mm 7% OV-17 column4. Retention 
times were compared to straight chain hydrocarbon methylene units 
(Table I). Solvents were chromatographic grade. 
2-Ethyl-2-(4-methoxyphenyl)glutarimide (111)-A solution of 2.0 


g (8.6 mmolea) of 2-ethyl-2-(4-aminophenyl)gl~tarimide~~ ( I )  in 50 ml 
of 2 N HzS04 was cooled to 5" in an ice water bath. T o  this solution was 
added slowly 1.2 g (17 mmoles) of sodium nitrite in 20 ml of water at  5". 
The reaction mixture was stirred for 30 min until a clear solution devel- 
oped. Then 0.54 g (8.8 mmoles) of urea was added to eliminate residual 
sodium nitrite in the reaction mixture. The diazonium salt, 11, was added 
dropwise by a cannula to 250 ml of boiling methanol and then allowed 
to reflux for an additional 30 min. 


The solution then was evaporated to dryness to yield an amber nil. 
Column chromatographic isolation [ 15 X 2.5-cm silica gel-cellulose (31)  
column, eluted with 160 ml of chloroform] yielded white crystals after 
solvent evaporation. Recrystallization from boiling ethanol and water 
yielded 1.2 g (54%) of 111, mp 105-106'; TLC: R/ 0.70 [silica gel; chloro- 
form-acetone (8020), diphenylcarhazone-mercuric sulfate positive6]; 
IR (NaC1 film): 3200 (NH), 1700, and 1680 (C=O, imide) cm-I; mass 
spectrum: m/e 218 (loo%), M+ = 247 (75%). 
2-Ethyl-2-(3-hydroxy-4-methoxyphenyl)glutarimide (1V)-A 


solution containing 0.15 g (0.61 mmole) of 111 and 5.8 ml of 3096 H20z1' 


8Silanor-C, Merck & Co., Rahway, N J  07065. 


lo Model A-60, Varian Aerograph, Walnut Creek, CA 94598. 
I' Model 490-F, DuPont Instrument Product Division, Wilmington, DE 


Model 2700. Varian Aerograph, Walnut Creek, CA 94598. 
l 3  A. H. Thomas Co., Philadelphia, PA 19090. 
l4 Model 4210, Beckman Instruments, Fullerton, CA 92634. 


Model RE/A, Brinkmann Instruments, Westhury, NY 11590. 
l6 Generously supplied by Ciba-Ceigy. 


Fisher Scientific Co., Fair Lawn, N.J 07410. 


Wilmad Glass Co., Buena, N J  08310. 
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Figure 1-Preparative GLC trace of an enzymatically hydrolyzed urine 
sample obtained from a glutethimide overdose victim after oral ingestion 
of 14g ofthe parent drug. The ether extract of the sample was analyzed 
on a 1.8-m X 6.3-mm 7% OV-17 column at 200' with helium as the 
carriergas (40 mllmin). The relative GLC retention times of n-Cx-n-CZR 
are indicated. Samples designated fractions 1-8 were collected for more 
complete characterization by other analytical techniques. 


dissolved in 30 ml of acetonitrilelR was irradiated with 254-nm UV light13 
in a 50' water bath overnight. T o  the reaction mixture was added 10 ml 
of an aqueous solution saturated with sodium bisulfite to decompose the 
hydrogen peroxide. The phases were separated, and the aqueous layer 
was extracted with 3 X 50 ml of ether. The combined extracts were con- 
centrated under reduced pressure, and the residue was streaked onto a 
20 X 20-cm silica gel 60 TLC plate6. 


The residue was developed undisturbed to a distance of 15 cm. After 
solvent evaporation, 90% of the TLC plate was covered; only the edge 
(10%) was sprayed with diphenylcarbazone-mercuric sulfate7 to reveal 
the imide positive band. The position of this band was extrapolated across 
the TLC plate, and then the remaining unreacted product was scraped 
off and extracted into methanol to yield IV; TLC: R, 0.52 [silica gel; 
chloroform-acetone (8020)j; IR (KBr): 3400 (NH), 1700 and 1600 (CO, 
imide), and 1200 (phenyl0) cm-I; mass spectrum: M+ = 263 (100%). 


3-Methoxy-4-benzoxybenzyl Alcohol (V1)-A mixture of 10 g (65 
mmoles) of vanillin alcohol7 (V), 10 g (73 mmoles) of potassium carbonate, 
and 8.8 g (70 mmoles) of henzyl chloride7 in 200 ml of ethanol was refluxed 
12 hr. This solution was filtered hot. The filtrate was evaporated to 
dryness, yielding a brown oil, which solidified on cooling. Sublimation20 
resulted in 13.0 g (82.3%) of white crystals, mp 66-67'; IR (KBr): 3400 
(OH), 3030,1600,1500 (phenyl), 1270, and 1130 (aromaticether) cm-'; 
mass spectrum: m/e 91 (loo%), M+ = 244 (12%); TLC: Rt 0.56 [silica gel; 
chloroform-acetone (8020), sulfuric acid-charZ1). 


3-Methoxy-4-benzoxybenzyl Chloride (VI1)-Anhydrous hydrogen 
chloride gas22 was bubbled through a solution of 11.5 g (47.1 mmoles) of 
VI in 150 ml of methylene chloride for 2 hr with stirring. The solvent was 
evaporated, yielding an amber oil, which solidified on cooling. Sublima- 
tion20 produced 12 g (98%) of white crystals, mp 72-73'; IR (KBr): 3030, 
1600,1500 (phenyl), 1270,1130 (aromatic ether), and 735 (chloride) cm-I; 
mass spectrum: m/e 91 (loo%), M+ = 262/264 (3:1)(6%); TLC: Rf 0.84 
[silica gel; chloroform-acetone (80201, sulfuric acid-char**]. 
3-Methoxy-4-benzoxybenzylnitrile (VII1)-A solution of 6.5 g (25 


mmoles) of VII and 10 g (154 mmoles) of potassium cyanide in 75 ml of 
dry dimethylformamide was stirred a t  room temperature for 12 hr. The 
solvent was evaporated, and the residue was partitioned between water 
and methylene chloride. Then the solvent was evaporated, producing a 
solid, which, upon recrystallization from hexane, yielded 3.9 g (62%) of 
white crystals, mp 69-70'; IR (KBr): 3030, 1600, 1500 (phenyl), 2230 
(nitrile), 1270, and 1130 (aromatic ether) cm-'; mass spectrum: mle 91 
(loo%), M+ = 253 (1096); TLC: Rf 0.38 (silica gel; benzene, sulfuric 
acid-char2'). 
2-(3-Methoxy-4-benzoxyphenyl)butyronitrile (1X)-This inter- 


mediate was generated when 10.5 g (41.5 mmoles) of VIII was added to a 


'* Mallinckrodt Chemical Co., St. Louis, MO 6.7147. 
l8 Quartz pencil lam 
2o Model 8027, Ace &ass Inc., Vineland, N J  08360. 
21Sulfuric acid-char indicates that the TLC 


% Generated from concentrated sulfuric acid and sodium chloride. 


Edmund Scientific Co., Barrington, NJ 08007. 


late was sprayed with 5% 
H SO,-H*O and heated to loOD for 2 min to reveal grown spots. 


I l l  ISOTHERMAL 0 2 0 0  I 
I I * 1 .  


ov-210 n-C,, n-C,, 
Figure 2-Analytical GLC trace of metabolites (fraction 5) collected 
by preparative GLC. Although a single GLC peak was shown on OV-17, 
the OV-210 phase revealed two components: A, solvent; R ,  2-ethyl-2- 
14-hydroxyphenyUglutarimide; and C ,  new metabolite, which was an- 
alyzed mass spectrometrically. 


solution of 1.9 g (79 mmoles) of sodium hydride in dry toluene and stirred 
a t  room temperature for 2 hr. To this solution was added, dropwise, 4.6 
g (42 mmoles) of ethyl bromide7, and the resulting solution was refluxed 
for 17 hr. GLC peak area integratorz3 analysis of the resulting yellow oil 
showed 82% of IX, 10% of unreacted VIII, and 6% of a dialkylated product. 
This mixture was used without further purification; mass spectrum: mle 
91 (low), M+ = 281 (8%); TLC: Rf 0.5 (silica gel; benzene, sulfuric 
acid-char2'). 
2-Ethyl-2-(3-methoxy-4-benzoxyphenyl)glutarodinitrile (X)-To 


a solution of 4.7 g of the products from the previous reaction and 0.94 g 
(18 mmoles) of acrylonitrile7 in dry dioxane7 was added slowly, with 
stirring, 2.0 ml of 40% basez4. The resulting solution was refluxed for 21 
hr. The solvent was then evaporated, and the residue was extracted with 
ether to yield 4.6 g (82%) of X as white crystals, mp 125-126'; IR (KBr): 
3030,1600,1500 (phenyl), 2230 (nitrile), 1270, and 1130 (aromatic ether) 
cm-I; mass spectrum: mle 91 (10096), M+ = 334 (9%); TIX: Rf 0.08 (silica 
gel; benzene, sulfuric acid-charZ1). 
2-Ethyl-2-(3-methoxy-4-hydroxyphenyl)glutarimide (XI1)-A 


solution of 1.5 g (4.5 mmoles) of X and 7 ml of concentrated sulfuric acid 
in 25 ml of acetic acid was heated in a water bath for 6 hr. The resulting 
dark-brown liquid was poured onto 100 ml of crushed ice and extracted 
with methylene chloride. This organic fraction was washed well with 
saturated sodium carbonate (100 ml). The organic layer was extracted 
with ether and evaporated to dryness, yielding XI; TLC: Rf 0.67 [silica 
gel; chloroform-acetone (80:20), diphenylcarbazone-mercuric sulfate 
positive]; mass spectrum: m/e 91 (37961,296 (53), 324 (62). and 353 (M+, 
100). 


Compound XI was finally reduced with 10% palladium-on-charcoalz5 
at  1 atmosphere in a Parr hydragenatorz6 to yield XII; TLC: Rf 0.52 [silica 
gel; chloroform-acetone (8020), diphenylcarbazone-mercuric sulfate 
positive]; mass spectrum: m/e 91 (1oo/o), 131 (30), 206 (53). 234 (loo), and 
263 (M+, 85). 


RESULTS A N D  DISCUSSION 


In many acute drug intoxications, the analysis of biological fluids is 
of paramount importance for the identification of the causative toxic 


z5 Model 480, Varian Aerograph, Walnut Creek, CA 94598. 
24Triton B as the methoxy salt (40% in methanol), Raker Chemical Co. ,  


2s Matheson, Coleman and Bell, Norwood, OH 4521 2. 
2fi Parr Instrument Co., Moline, IL 61265. 


Phillipsburg, NJ 08865. 
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agent. Routinely, body fluids from overdose victims can be extracted and 
the compounds of interest can be screened by TLC (13), analyzed by GLC 
(14), or quantitated by combined GIX-mass spectrometric techniques 
(15). Once the drugs responsible for the severe intoxication have been 
identified, proper supportive techniques for the patient can be admin- 
istered. 


Severe glutethimide intoxication in drug overdose victims is easily 
identified because the levels of the intoxicant are usually high. Extrac- 
tions and analysis of urine samples typically reveal the parent drug, which 
is easily identified by standard TLC and GLC methods (13). However, 
recent questions have been raised (6) concerning the impact of metabo- 
lites in the body fluids of overdose victims and their contribution to the 
morbidity and mortality associated with glutethimide overdose. 


The preparative GLC trace of an enzymatically hydrolyzed urine ex- 
tract obtained from a glutethimide overdose victim, identified as having 
taken 14 g ofglutethimide, is seen in Fig. 1. From the diagram, eight major 
fractions were designated. Each fraction was collected repeatedly to 
obtain sizable quantities for complete characterization. By comparison 
of GLC retention times to authentic glutethimide, peak C of fraction 2 
was considered initially to be the parent drug. However, following mass 
spectral analysis, peak C was determined to be glutethimide and (Y- 


phenylglutarimide, a known metabolite. 
Because fraction 5 appeared to be reasonably pure and in high con- 


centrations, it was next analyzed completely. However, mass spectral 
analyses revealed two components, which were easily separated when the 
GLC liquid support phase was changed from OV-17 to OV-210 (Fig. 2). 
The major component was identical in all respects to p-hydroxy- 
phenylglutethimide, a known metabolite of the parent drug (16). The 
minor component appeared to be new and unique. The mass spectrum 
obtained from this compound is seen in Fig. 3A. A molecular ion a t  mle 
263, an intense ion a t  mle 234 (indicating loss of an ethyl side chain), and 
the very polar GLC characteristics compared to the parent drug suggested 
a methylated catechol. Confirmation of a methoxy group was made by 
NMR analysis of fraction 5, a mixture, which revealed a signal a t  6 3.84 
ppm, often indicative of methoxy groups. 


With this information, 10 possible isomeric methylated catechol me- 
tabolites of glutethimide could be proposed. However, in most metabolic 
pathways, 3-OH and 4-OCH3, 3-OCH3, or 4-OH phenyl substitution 
patterns predominate. For example, the methylated catechol metabolites 
of levodopa (17), phenacetylurea (18), and phenytoin (12) in humans have 
been identified and synthesized to confirm that the 3-OCHs and 4-OH 
phenyl metabolites are the rule and not the exception. Therefore, to make 
direct analytical comparisons, both 3,4-monomethylated catechol isomers 
of glutethimide were prepared. Schemes I and I1 reveal the synthetic 
pathway leading to IV and XII, respectively. 


In Scheme I, I was converted to the diazonium salt, 11, and hydrolyzed 
in absolute methanol (19) to yield a new p methoxy analog, 111. Fallowing 
a modification of a known procedure (20). the new methylated catechol, 
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IV, was conveniently prepared by photochemical oxidation of 111 in hy- 
drogen peroxide. 


To prepare XII, partial methylation of the catechol metabolite (21) 
of glutethimide was attempted. However, complex mixtures of products 
were obtained (with either diazomethane or methyl iodide in base) and 
were difficult to characterize accurately. Therefore, a total synthesis of 
XI1 was needed to assure the isomeric purity of the final product. 


Scheme I1 reveals the complete synthesis leading to the desired com- 
pound. Protection of vanillin alcohol, V, with benzyl chloride yielded V1 
in high purity and in an excellent yield. Conversions of the alcohol, VI, 
to the chloride, VII, and then to the nitrile, VIII, were accomplished 
following procedures (22) similar to those described for the preparation 
of the parent drug. The monoethylated intermediate, IX, was generated 
by reacting ethyl bromide with VIII in a suspension of sodium hydride 
and refluxing toluene. The reaction was analyzed frequently by GLC to 
monitor the formation of IX as the ethyl bromide was added slowly to 
the reaction mixture. This procedure reduced the generation of excessive 
amounts of a diethylated product. 


Conversion of IX to the dinitrile, X, was accomplished following known 
procedures (23). It was next determined that cyclization of X to the 
protected glutethimide analog, XI, could be performed in either strong 
acid or strong base. Base hydrolysis of X yielded a purer product, XI, 
which required only the addition of acid to the reaction mixture to pre- 
cipitate the desired compound. However, the yields by this method were 
lower then those obtained by acid hydrolysis. Finally, catalytic hydro- 
genation of XI generated XII, which was isolated and characterized by 
standard methods (23). 


Figures 3B and 3C show the mass spectra of IV and XII, respectively. 
The compound isolated from the enzymatically hydrolyzed glutethimide 
urine sample apparently produces a mass spectrum virtually identical 
to the spectrum in Fig. 3C. Whereas the base peak (100%) is mle 263 (the 
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Figure 3-Mass spectral comparison of the minor component fC in Fig. 
2) to two methylated catechol analogs of glutethimide. The mass spec- 
tral data of the glutethimide metabolite (A) agree favorably uith 2- 
ethyl-2-(3-methoxy-4-hydroxyphenyl)glutarimide (C). 


molecular ion) for IV, the glutethimide metabolite and the synthetic XI1 
reveal a base peak (100%) for m/e 234 (loss of the ethyl side chain). The 
p-hydroxyphenyl compound more strongly favors stabilization of the 
benzyl cation (XIII, Scheme 111) and is clearly an aid in differentiating 
the isomers. 


These findings were confirmed by comparisons of GLC retention times. 
The metabolite (collected preparatively on OV-210 and reanalyzed) re- 
vealed methylene unit hydrocarbon retention values (24) of 22.0, 27.0, 
and 31.5 on OV-l,OV-17, and OV-210, respectively. Compound XI1 re- 
vealed exactly the same values. However, IV revealed methylene unit 
values of 24.0, 29.2, and 32.1 on OV-l,OV-17, and OV-210, respectively. 
Therefore, the monomethylated catechol metabolite of glutethimide is 
XII. 


In Fig. 1 ,  it can be seen that many other fractions were collected; each 
is currently in different phases of characterization. Fraction 1 possessed 


I- 0 lt 0 


191 OH OCH,, 


-CH,CH, 


M+ = 263 mle 234 


XI1 XI11 
Scheme I I I  


XIV 


two major components, A and B, which were initially identified by mass 
spectrometric techniques (25) and finally synthesized (26) to confirm 
p-hydroxymethylbenzoate and a-phenyl-y-butyrolacetone (XIV), re- 
spectively. The former may be a metabolite of glutethimide, but the latter 
clearly was associated (25) with new metabolites of the parent drug. 


Fraction 2-D revealed a compound whose mass spectral and GLC 
properties were identical to data previously reported (6) for 2-ethyl-2- 
phenyl-4-hydroxyglutarimide, an active metabolite of the parent 
drug. 


Fractions 3 and 4 both possessed different chromatographic properties 
than the known hydroxylated metabolite, Z-ethyl-2-phenyl-4-hydroxy- 
glutarimide, fraction 2-D. However, both compounds also revealed a 
molecular ion at m/e 233, indicative of a single 0 added to glutethimide, 
suggesting new hydroxylated metabolites. Currently, synthetic hydrox- 
ylated analogs of glutethimide are in preparation to confirm the exact 
structure of each compound. 


Due to the limited amount of material present in fraction 6, only pre- 
liminary characterization was attempted. However, fraction 7 was shown 
by mass spectral analysis to possess a molecular weight of 233 and to 
produce a much different spectrum than that of the parent drug or me- 
tabolites. NMR data revealed the complete loss of the ethyl side chain, 
and TLC revealed a very polar compound. Thus, a new and very polar 
metabolite is proposed for peak 7. 


The preliminary data obtained concerning peak 8 revealed a compound 
with a molecular weight of 279 (characterized by mass spectrometry), one 
methoxy group by NMR, and a compound more polar by TLC analysis 
than the 2-ethyl-2-(4-hydroxyphenyl)glutarimide (16) (fraction 5 )  and 
active toward mercuric sulfate-diphenylcarbazone (indicative of imide 
systems). Consequently, a dihydroxymethoxy metabolite of glutarimide 
is proposed. The exact substitution on the parent drug is not known, but 
synthetic work is in progress. 


In conclusion, the glutethimide overdose victims described provided 
many new metabolites of the parent drug. Further characterization and 
synthesis of each individual metabolite are currently in progress. The 
results may uncover new and active metabolites that contribute to the 
toxicity associated with an overdose of the parent compound. 
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Abstract 0 The physicochemical characteristics of 7,7’-succinyldi- 
theophylline, a slow dissolving prodrug of theophylline, were investigated 
a t  2 5 O .  One molecule of 7,7’-succinylditheophylline hydrolyzed to give 
two molecules of theophylline and one molecule of succinic acid. At 25’ 
in aqueous solution, constant ionic strength, and zero buffer concentra- 
tion, the pH profile for the hydrolysis of 7,7’-succinylditheophylline could 
be described adequately by a spontaneous constant, ko, of 8.15 X 
sec-’ and a hydroxide catalytic constant, koH-, of 1.46 X 105 M-I sec-’. 
No specific acid catalysis was seen a t  pH values as low as 1. This disso- 
lution rate of 7,7’-succinylditheophylline from a constant surface area 
pellet was independent of pH below 8. However, at  pH values greater than 
8, the dissolution rate was accelerated by a base. This behavior was 
consistent with the dissolution rate being catalyzed by the simultaneous 
chemical reaction of 7,7’-succinylditheophylline with hydroxide ion a t  
a rate such that substantial hydrolysis of the substrate was occurring in 
the dissolution film. Dissolution with simultaneous chemical reaction 
for 7,7’-succinylditheophylline was analyzed theoretically on the basis 
of a film theory model. Excellent correlation between the theoretical 
and observed dissolution behavior was found. A t  pH values less than 
8, the dissolution of 7,7’-succinylditheophylline was 36 times slower than 
that of theophylline. Based on this result, the aqueous solubility of 7,7’- 
succinylditheophylline was estimated to  be 1.63 X 


Keyphrases 0 7,7’-Succinylditheophylline-hydrolysis and dissolution, 
effect of pH Prodrugs, theophylline-7,7’-succinylditheophylline, 
hydrolysis and dissolution, effect of pH Hydrolysi~-7,7’-succinyldi- 
theophylline, effect of pH 0 Dissolution-7,7’-succinylditheophylline, 
effect of pH Theophylline prodrug~-7,7’-succinylditheophylline, 
hydrolysis and dissolution, effect of pH 


M .  


Theophylline is an effective bronchodilator used widely 
for the treatment of asthma. The improvement of pul- 
monary function in asthmatic patients was related to  the 
plasma theophylline concentration (1-4). An optimal 
serum concentration range of 10-20 pglml was reported 
(51, although ranges from 5 to 20 pg/ml are often quoted. 
Theophylline levels greater than 16 pg/ml were associated 
with toxicity (5). For a drug with this narrow therapeutic 
index, i t  is difficult to maintain the optimum blood level 
for the desired time period; higher concentrations fre- 
quently result in toxicity and lower values appear less 
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likely to  provide maximal therapeutic benefit. Those 
problems suggest that modification of pharmaceutical 
properties are necessary to  maintain the optimum blood 
level by the prodrug approach. 


One main objective of a prodrug is to influence the 
plasma drug concentration-time profile with known 
pharmacological activity. This effect is achieved conve- 
niently when the prodrug is much less soluble in water and 
has a slower dissolution rate in aqueous fluid than the 
parent drug. Under these circumstances, the appearance 
of the parent drug in the body is slowed by the slow dis- 
solution of the prodrug in the GI tract (6-8). The purpose 
of this study was to investigate some physicochemical 
properties of 7,7’-succinylditheophylline as a potential 
prolonged-release theophylline prodrug. 


THEORETICAL 


The dissolution of 7,7’-succinylditheophylline will be shown to be pH 
dependent above pH 8. A t  pH values greater than 8, the hydrolysis of 
7,7’-succinylditheophylline to theophylline occurs so rapidly that it takes 
place in the diffusion layer film. That  is, the dissolution of 7,7‘-SUC- 
cinylditheophylline occurs with a simultaneous irreversible chemical 
reaction. 


Theoretical predictions of the dissolution rate with simultaneous ir- 
reversible chemical reactions have been treated previously (9, 10). The  
experimental data for the dissolution rate of 7-acetyltheophylline agreed 
with theoretical predictions based on the film theory model under 
steady-state conditions. This theoretical treatment also may be applied 
to 7,7’-succinylditheophylline. 


The problem to be considered is that in which a solid phase, A ,  dissolves 
into the liquid phase and then reacts irreversibly with a species, B, already 
present in the liquid phase: A + R - C + D. The  intermediate species, 
D, then reacts irreversibly with R to form the final products: D + (n  - 
l )R - products, where n is the number of molecules of R. If A is 7,7‘- 
succinylditheophylline and R is hydroxide ion. n is equal to 2 below pH 
8 and to 4 above pH 9. The first step, disappearance of A by reaction with 
B, would be considered a rate-determining step. 


Let A be the concentration of 7,7’-succinylditheophylline a t  a distance 
X within the liquid film, t the time, k o  the first-order rate constant of a 
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MINUTES 
Figure 2-Gas chromatogram of a 2-ml plasma sample extract obtained 
from a suhject 6 hr ofter intakc of 120 mg of isosorbide dinitrate slow- 
rc)lcase preparation; 25 ng of isoidide mononitrate (retention time of 
5.67 min) and 200 ng of isomannide dinitrate (1 7.03 min) were added 
as intcrnal standards. Key (retention time): 3.18 min, isosorbide 2- 
mononitrate; 8.27 min,  isosorhidc Fj-mononitrate; and 11.83 min, iso- 
sorhide dinitrate 


samples, a linear relationship was found for the concentration range 
studied, and the intercept of the standard curve was negligible. The same 
was true for isosorbide 2-mononitrate and isosorbide 5-mononitrate. 


As for isosorhide dinitrate (5). the recoveries of the mononitrates from 
plasma were quantitative. The relative standard deviations for analyses 
performed on different days were 7.01 for isosorbide dinitrate (11 sam- 


ples, 5-20 ng), 9.13 for isosorbide 2-mononitrate (11 samples, 10-39 ng), 
and 10.96 for isosorbide 5-mononitrate (11 samples, 100-300 ng). The 
lower limits of detection were approximately 0.5 ng/ml of plasma for 
isosorbide dinitrate, 2 ng/ml for isosorbide 2-mononitrate, and 20 ng/ml 
for isosorbide 5-mononitrate. 


After daily injections on the column, the glass injector adaptor was 
replaced weekly. 


Figure 2 shows a typical plasma chromatogram 6 hr after intake of 120 
mg of an isosorbide dinitrate slow-release preparation. 


Several investigators reported difficulties with the quantitative mo- 
nonitrate determination by conventional packed column GLC due to 
peak interference mainly with isosorbide 5-mononitrate (7-9). The 
wall-coated capillary column used here provides a suitable means of 
analyzing the isosorbide mononitrates with the required efficiency and 
specificity. 
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Abstract 0 Methadone, morphine, or naloxone extraction from brain 
homogenates, plasma, and urine is described. An aqueous sample was 
loaded on a surgical gauze support, which was washed with extracting 
solvents. Aqueous samples remained on the support, and nonpolar drugs 
partitioned into the lipophilic extracting solvent. The procedure recov- 
ered 80-100?6 of nanogram levels of methadone, morphine, or naloxone 
from biological samples. In addition, an approximate 10-fold timesaving 
capacity was demonstrated compared to standard liquid-liquid extrac- 
tion techniques. 


Determination of tissue narcotic drug levels frequently 
involves radiolabeled drug administration. Following al- 
kalinization, the lipophilic drugs are extracted from tissue 
preparations using standard liquid-liquid extraction 
techniques (1-5). These techniques typically involve 
partitioning the drug between two immiscible liquids by 
shaking, phase separation by centrifugation, and drug 
analysis in the nonpolar solvent phase or in the aqueous 


Keyphrases 0 Methadone-analysis, liquid-liquid extraction, brain, 
blood, plasma, urine Morphine-analysis, liquid-liquid extraction, 
brain, blood, plasma, urine Naloxone-analysis, liquid-liquid ex- 
traction, brain, blood, plasma, urine o Liquid-liquid extraction-anal- 
ysis, methadone, morphine, naloxone, brain, blood, plasma, urine 0 
Narcotic analgesics-methadone, morphine, naloxone, liquid-liquid 
extraction, brain, blood, plasma, urine 


phase after back-extraction. Improved methods for mor- 
phine and related drug extraction have not altered the 
basic liquid-liquid extraction technique (4,6). 


A rapid, efficient extraction technique for tissue mor- 
phine and related drug determination is presented here. 
Extraction of tritiated methadone, morphine, and nalox- 
one from brain, plasma, and .urine samples is described. A 
polar support (gauze sponges) held an aqueous tissue ho- 
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Table I-Methadone, Morphine, and Naloxone Recovery from Brain,  Plasma, and  Urine Samples 


Drug Added, Percent 
Drug Tissue ng Recovered Solvent 


Methadone Brain 15-85 91.0 f 2.3" Ether 
Plasma 2-19 91.4 f 4.9 Ether 
Urine 185 98.0 f 0.8 Ether 


Morphine Brain 2-15 98.0 f 3.3 Ethanol-chloroform (10:90) 
Plasma 1-18 94.3 f 3.1 Ethanol-chloroform (10:90) 


Ethanol-chloroform (10:90) 0.5-1 80.3 f 0.8 Urine 


Naloxone Brain 4-55 104.4 f 1.8 Chloroform 
Plasma 2-230 95.6 f 3.4 Chloroform 


Chloroform 2.5-70 83.2 f 1.8 Urine 


"Mean f SEM, n = 6-9 


mogenate or a sample containing radioactive drug. A 
nonpolar, water-immiscible solvent was passed through 
the column, collected, and evaporated, and the drug con- 
centration was determined. 


EXPERIMENTAL 


Drugs and Reagents-All solvents were reagent grade. The drugs 
used included morphine sulfate, methadone hydrochloride, naloxone 
hydrochloride, "-methadone hydrobromide (161.0 mCi/mmole), $H- 
morphine (23 Ci/mmole). and 3HH-naloxone (4.54 mCi/mmole). All drug 
concentrations were expressed in terms of the base. 


Extraction Columns-These columns were similar to commercially 
available1 ones but were made from inexpensive, common laboratory 
materials. The columns consisted of 12-11-11 disposable syringe barrels into 
which one folded and tightly rolled piece of surgical gauze (10.2 X 10.2-cm, 
8-ply gauze sponge) was placed. A 21-gauge needle fitted with a piece of 
polyethylene tubing (PE90) was attached to a three-way stopcock, which, 
in turn, was attached to the extraction column (syringe tip) and was used 
to regulate the effluent flow. 


TLC-Radioactivity extracted from brain homogenates, plasma, or 
urine was identified as unchanged drug (e.g., methadone, morphine, or 
naloxone) using TLC. Tritiated drug radioactive purity was verified by 
TLC. After extraction, excess solvent from selected samples was evapo- 
rated using nitrogen; the resulting concentrated samples were applied 
to individual plastic TLC plates coated with silica gel along with appro- 
priate standards. 


The solvent systems for methadone, morphine, and naloxone were 
ethyl acetate-butanol-ethanol-ammonium hydroxide (7010:15:1), 
ethanol-acetic acid-water (60:30:10), and ethyl acetate-hexane-etha- 
nol-ammonium hydroxide (6025:14:1), respectively. The radioactivity 
in each area was determined by cutting the chromatogram into I-cm 
sections and placing them in scintillation vials containing scintillation 
cocktail. 


Biological Tissues and  Fluids-Brains and blood samples were ob- 
tained from male Swiss-Webster mice killed with carbon dioxide. Blood 
was removed by cardiac puncture using a heparinized syringe, and plasma 
was obtained following centrifugation of blood samples. Brains were re- 
moved, weighed, and homogenized in four volumes of cold, distilled water 
using a motor-driven polytef pestle in a Potter homogenizer. Human urine 
was used in all cases. 


Method of Extraction-The following procedure was used to extract 
morphine or naloxone from mouse brain homogenates. A brain homog- 
enate aliquot (0.2 ml) was diluted with an equal volume of glycine buffer 
(0.5 M, pH 9.0) and added to the extraction column. The column capacity 
was 2 ml. Two minutes after the buffered homogenate was added to the 
column, 10 ml of solvent was added. The effluent was collected in a 
scintillation vial after a 2-min equilibration period. The column was 
washed twice with 5 ml of solvent and allowed a 2-min equilibration with 
each wash. 


The combined effluent (20 ml) was evaporated to dryness in a water 
bath, and 15 ml of scintillation cocktail was added. Radioactivity was 
measured by liquid scintillation spectrometry, and an internal standard 
PH-toluene) was used to determine counting efficiency. The procedure 
for methadone extraction from brain homogenates was identical except 
that sufficient 0.1 N NaOH was added to the brain homogenate to adjust 
the pH to 10.5 prior to extraction. 


Jetubes, Manhattan Instruments, Santa Monica, Calif. 


A similar procedure was used to extract drugs from plasma and urine 
samples. Aliquots (0.05 ml) of plasma or urine containing morphine or 
naloxone were diluted with nine volumes of glycine buffer, and the total 
volume added to the extraction column was 0.5 ml in each case. The upper 
limit of plasma or urine that was applied to the column was 1.0 ml; ex- 
traction efficiency was not reduced by applying smaller volumes. The pH 
of plasma or urine samples containing methadone was adjusted to 10.5 
after nine volumes of glycine buffer were added. The extraction solvents 
were ether for methadone, ethanol-chloroform (1090) for morphine, and 
chloroform for naloxone. 


Determination of Percent  Recovery-The specific activity of tri- 
tiated methadone, morphine, and naloxone was known. The purity was 
determined using TLC and appropriate standards. A measured radio- 
labeled drug amount was added to a sample (brain homogenate, plasma, 
o r  urine), the sample pH was adjusted, and drug was extracted. The  ra- 
dioactivity was measured after solvent evaporation in certain samples, 
and the identity of radioactivity was confirmed by TLC in others. The 
percent recovery was calculated, and corrections were made for the purity 
of added radioactivity as well as the amount of radioactivity lost in the 
transfer of 0.4-ml aliquot8 to the extraction columns. 


Drug Extraction from Tissues a f t e r  Subcutaneous Administra- 
tion-Tritiated methadone, morphine, or naloxone was administered 
subcutaneously to mice to measure the extraction of metabolites and 
unchanged drug(s) from brain and blood. Mice were killed with carbon 
dioxide 20 min after drug administration, and whole brains and blood 
samples were obtained. Brains were homogenized, plasma was obtained, 
and radioactivity was extracted as already described. The percent of total 
radioactivity corresponding to unchanged methadone, morphine, or 
naloxone was determined using TLC. 


RESULTS A N D  DISCUSSION 


Table I shows the percent tritiated methadone, morphine, and nal- 
oxone recovery from brain homogenate, plasma, or urine. In each case, 
the extracted radioactivity was chromatographically identical to au- 
thentic methadone, morphine, or naloxone. These results demonstrate 
highly efficient extraction of the three drugs from mouse brain homog- 
enates even a t  very low drug concentrations. The concentrations used 
represented values typical of pharmacological studies. 


The recovery of methadone, morphine, or naloxone from brain samples 
in other studies using standard liquid-liquid extraction techniques was 
between 66.0 and 96.2% (1,4,6,7). The highest recoveries required three 
consecutive liquid-liquid extractions. A recent study (4) reported 90% 
morphine recovery (0.125-0.5 pg added) from biological tissues using 
standard liquid-liquid extraction methods and siliconized glassware. The 
present extraction procedure provided efficient recovery of morphine 
(98.0%) from brain homogenates at low morphine concentrations (1-20 
ng added) without special precautions such as siliconized glassware. 


The present procedure also provided efficient methadone recovery 
from plasma and urine samples (91.4 and 98.0%, respectively). Extraction 
of morphine and naloxone from plasma samples was also efficient (94.3 
and 95.6%, respectively). Morphine and naloxone recovery from urine 
samples (80.3 and 83.296, respectively) was significantly lower than 
morphine and naloxone recovery from plasma but was acceptable. The 
buffered urine sample pH was not significantly lower than the buffered 
plasma pH, so reduced urine morphine and naloxone extraction efficiency 
may have been related to the procedure. Urine alkalinization (7) and 
extraction with a polar solvent might improve the efficiency. 


Subcutaneous methadone, morphine, or naloxone was administered 
to mice to measure selective extraction of parent drugs and metabolites 
from brain and plasma. The total radioactivity extracted from brain was 
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chromatographically identical to methadone (80.5%). morphine (95.5?6), 
and naloxone ( 100%). ‘I’otal extracted plasma radioactivity represented 
methadone (7G.(rb), morphine (75.5‘M~), or naloxone (91.8‘h). Parent drug 
extraction selectivity in each case was acceptable. 


Timesaving is the greatest advantage o f  this method. Extraction of 20 
t.issue samples required 10-15 min; 1.5- 2 hr was required with standard 
liquid--liquid extraction. Since brain and plasma drug concentrations are  
routinely required in pharmacological studies, the utility of  the  present 
method is obvious. Theoretically, t he present procedure could be sub-  
stituted for any  organic, hase or acid solvent extraction from biological 
fluids and tissues. 
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Abst rac t  0 The inlluence of gelatin. sodium lauryl sulfate, lactose, and 
sodium alginate on morphine sulfate dil‘lusioti from cylindrical silicone 
polymer pellets was examined in isotonic pH 7.4 phosphate buffer. These 
water-solul)le carriers caused the pellets to swell in aqueous media. So- 
dium alginate exerted the greatest influence on drug release. T h e  mor- 
phine sulfate diffusion rate from the  cylindrical pellets increased as  the 
matrix alginate content increased up to  20%. Water-soluble carrier in- 
corporation into silicone polymeric matrixes permits controlled release 
of  water-soluble drugs that  otherwisc would he released extremely slowly 
from the polymer. Drug diffusion from the silicone matrix containing 
sodium alginate followed second-order kinetics. The  release mechanism 
probably involves the creation of pores or pathways through the  matrix 
secondary to  the swelling. 


Keyphrases  0 Morphine sulfate .-release from silicone polymer, effect 
of water-soluble carriers 0 Drug delivery systems morphine sulfate, 
release from silicone polymer, effect of water-soluhle carriers Silicone 
polymers-release of morphine sulfate, effect of water-soluhle carriers 
0 Dosage forms. controlled release--morphine sulfate, release from sil- 
icone polymer, effect of  water-soluble carriers 


The  drug release rate from an inert matrix is dependent 
on solute solubility in the matrix and diffusivity as well as 
on parameters independent of the particular drug (1). 
Previous silicone polymer work has been concerned largely 
with developing long acting steroidal delivery systems and 
investigating factors controlling drug release from silicone 
devices (2-9). 


The divergent in uitro silicone polymer release patterns 
of four progesterone-type steroids with similar diffusion 
coefficients were attributed to differences in the polymer 
steroid solubilities (5). The release of salts and water-sol- 
uble drugs from silicone polymers has received little at-  
tention. Since polymer drug solubility is an important drug 
release determinant, water-soluble drug diffusion from a 
silicone polymer would be expected to be extremely 
slow. 


The  present study examined the influence of water- 
soluble carriers on the in uitro morphine sulfate release 


from a polysiloxane polymer. Recent studies (10, 11) 
demonstrated that  polysiloxane rubber implants con- 
taining morphine sulfate and a water-soluble carrier are 
excellent drug delivery systems for inducing morphine 
dependence in rats. 


E X P E R I M E N T A L  


T h e  following items were used: simethicone liquid’, polydimethylsi- 
loxane polymer and silica fillerz, stannous octoate“, morphine sulfate, 
polysorbate 804, sodium alginate5, sodium chloride, 0.1 N HCI, lactose, 
sodium lauryl sulfate, monobasic sodium phosphate, dihasic sodium 
phosphate, and  microcrystalline cellulosefi. 


Pellets were prepared by the addition of simethicone fluid to  polydi- 
methylsiloxane elastomer ( l : l ) ,  followed by homogeneous mixing with 
the powders to be added.  T h e  pellets contained 2596 (w/w) morphine 
sulfate. T h e  drug and water-soluble carrier (lactose, sodium lauryl sulfate, 
gelatin, or sodium alginate) were passed through a 100-mesh screen prior 
to  mixing with the silicone polymer. To polymerize the mixture, stannous 
octoate catalyst, 25 mg/g of mixture, was added and dispersed uniformly. 
Next, the mixture was added rapidly to a plastic tablet mold, and the  
pellets were allowed to  cure for 24 hr. 


T h e  cylindrical pellets were 5.5 mm in diameter and 3.5 mm in thick- 
ness. T h e  mean weights varied from 78 to 88 mg, depending on  t h e  
amount  of powder embedded in the  pellet. Surface area measurements 
were made with a micrometer. Homogeneity studies were carried o u t  by 
cutting individual pellets into small pieces and extracting them in 100 
ml o f  purified water for 48 hr. Recoveries of 99 f 2% were obtained (n  = 
6). 


Drug release from the  pellets was studied in screw-capped vials, 1.5 
cm diameter X 10.5 cm length, containing 15 ml of phosphate buffer (0.13 
N, p H  7.4). These vials were maintained a t  37” and rotated end-over-end 
a t  15 rpm. Aliquots of 5 ml were withdrawn from the  vials a t  various times 
and  assayed by UV spectrophotometry for morphine. To maintain sink 
conditions, 5-ml volumes of fresh medium were added to  each vial after 


~~ 


I Medical fluid 360,200 cps, Dow Corning Corp., Midland, Mich. * Silastic 3W2 medical grade elastomer, Dow Corning Corp.. Midland. Mich. 
Catatyst M. Dow Corning Corp.. Midland. Mich. 
Tween 80. City Chemical Corp.. New York. N.Y. 
Kelco Cell LV Kelco Co.. Clark. N.J. 
Avicel. FMC dorp., Marcus Hook, Pa. 
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Table 11-Critical Surface Tensions 


Yl 
Diluted 


Hydrocarbon Surfactant Polyoxyethylene Literature 
Material Series Seriesa Octvbhenols Value 


l’olytef 19.2 19.5 17.9 18.5 (Ref. 1) 
Paraffin - - 24.9 25.5 (Ref. 3) 


Polyoxyethylene (5) octylphenol solutions 


were achieved by dilution. Figure 1 shows the relatiohship between sur- 
face tension and solution concentration for this surfactant, which has the 
shortest hydrophilic group among the octylphenol derivatives. Also in- 
cluded in Fig. 1 are similar data for polyoxyethylene (40) octylphenol, 
which has the longest hydrophilic group. 


The third liquid series contained eight octylphenol derivatives of 
uniform concentration. From the results in Fig. 1.2.5 X M was se- 
lected as the concentration to be used because, a t  that value, small vari- 
ations in concentrat inn would have a negligible influence on surface 
tension. Properties of the surfactants in this series are presented in Tahle 
I. 


The fourth liquid series consisted of some polyethylene glycol mo- 
nostearates. Only three with sufficient water solubility were available. 
Figure 2 is a plot of surface tension as a function of concentration for two 
members of this surfactant family. All solutions for contact angle mea- 
surement contained 0.15% (w/v) of the monostearates; 71. values for 
polyethylene glycol 600, 1000, and 4000 were 35.3,39.7, and 44.2 dynes/ 
cm, respectively. 


Figure 3 is a Zisman plot for hydrocarbon liquids on polytef. The 
critical surface tension determined from this plot, 19.2 dynes/cm, is in 
good agreement with the literature value of 18.5 dynes/cm (1). Results 
with polytef using the second liquid series, diluted solutions of poly- 
oxyethylene (5) octylphenol, are presented in Fig. 4. The curvature this 
plot exhibits interfered with the required extrapolation, but yc was es- 
timated to be 19.5 dynes/cm. 


Contact angles of the two surfactant series on polytef are shown in Fig. 
5. A critical surface tension value for the polyethylene glycol stearates 
was not determined because of the long extrapolation required, but it is 
evident that results with both sets of surfactants were similar. The plot 
of cos 0 uersus y ~ ,  is linear. The same is true for contact angles on pardfin 
(Fig. 6). 


The critical surface tension values obtained on polytef and paraffin 


are summarized in Table 11. In both cases, yc values derived from the use 
of surfactant solutions are quite close to those found using pure nonpolar 
liquids. Values of critical surface tension are not independent of the 
properties of the group of liquids used in their determination (2). The 
agreement in 7,. found with surfactant solutions and hydrocarbon liquids 
supports the notion that surfactant solutions above the CMC behave as 
though the liquid surface were a hydrocarbon (4). In the presence of a low 
energy surface, the adsorbed surfactant film seems to maintain its or- 
ientation and arrangement. 


The use of a family of surfactanki has several advantages over dilution 
of a single compound to vary surface tension. Diluted surfactant solutions 
invariably lead to curved Zisman plots, which make extrapolation to yc 
difficult. This may be because dilution helow the CMC causes the solution 
to lose its compact surface film, and the surface tension acquires a larger 
polar component. Use of a series of surfactants allows maintenance of 
the surface film in each solution and leads to linear plots (Figs. 5 and 
6). 


Furthermore, if adsorption of the surfactant molecules by the solid 
material or a component of the apparatus should occur, the concentration 
of surfactant in a highly dilute solution may be changed sufficiently to 
affect the surface tension in the liquid drop whose contact angle is being 
measured. Thus, the actual surface tension of the liquid would be dif- 
ferent from that ascribed to it. Because concentrations of surfactant so- 
lutions are well above the CMC for each member o f  a surfactant family, 
some adsorption of surfactant would not cause this problem. 


To summarize, critical surface tension values for polytef and paraffin 
determined using a family of solutions containing nonionic surfactants 
agree well with reported values. This liquid series provides a reasonable 
approach to the measurement of yt. values for solid drugs that are soluble 
in organic liquids but relatively insoluble in water. 
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Abstract Advancing contact angles measured on compacts of several 
drugs by the sessile drop method and also by penetration through a col- 
umn of drug granules were used to find the critical surface tension of the 
drugs. After liquid was delivered a t  a very slow rate, the contact angle of 
sessile drops decreased with time, but use of a consistent method of timing 
always led to the same value for critical surface tension. Results from 
penetration studies and work on compacts were in agreement, provided 
that the surfaces of the compacts were smooth and highly reflective. 
Critical surface tension of the six drugs, three analgesics and three sul- 
fonamides, ranged from 31 to 33 dynes/cm. The critical surface tension 


of mixtures of phenacetin and microcrystalline cellulose was not a linear 
function of the relative surface fractions of the two materials. If the 
surface contained 25% or more of phenacetin, the critical surface tension 
barely differed from that of pure phenacetin. 


Keyphrases Surface tensions, critical-various pharmaceutical solids 
analysis, by sessile drop method Surfactants, nonionic-used to de- 
termine surface tensions of various pharmaceutical solids 0 Solids- 
surface tensions o Contact angles-wetting of pharmaceutical solids 


Wetting of a solid by a liquid is an important step in 
several pharmaceutical processes including the prepara- 
tion of suspensions (1) and the adhesion of film coatings 
to tablets (2). The dissolution rate of powdered phenacetin 


was sensitive to  the surface tension of the dissolution 
medium because of differences in wetting (3). 


As described previously (4), the critical surface tension, 
yc, of a solid is a measure of its wettability and is related 
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to solid surface energy (5-7). If nonpolar liquids are used 
for the contact angle measurements, yc is equal to the 
dispersion force component of the surface energy of the 
solid (6). While much work has been done on polymeric 
solids, comparatively few studies have been concerned with 
low molecular weight materials (8). Other studies dealt 
with keratin and skin (9-11). 


BACKGROUND 


The critical surface tension of aspirin and effects of adjuvants were 
studied using methanol-water and 1-butanol-formamide solutions to 
measure the contact angles (12). Contact angles of water and methylene 
iodide were determined on the surfaces of a number of substances (13). 
In experiments of this type, contact angles, 0 ,  are used to gain an under- 
standing of the forces acting a t  the interfaces. The known properties of 
the liquids are used as tools to explore the nature of the solid surface. 


Various approaches have been used to measure contact angles on 
powdered pharmaceutical solids. Direct angle measurement with a go- 
niometer was used after compression of the powder to obtain a smooth 
surface (13). The maximum height of a liquid drop on a compact of 
powder saturated with that liquid was measured (14). Contact angles were 


C 


Figure 1-Scanning electron micrographs 
at 70X magnification formed under di//erent 
compact ion pressures. Kpy: a, 78 kglcm2; b, 
I56 kglcrn2; c, 624 kglcm2; d, 1560 kglcm2; 
and  e, 6000 kglcm2.  


e 


also determined from the penetration rate of liquids through the solid 
material (15-17). 


With the sessile drop technique, smooth surfaces yield the most reliable 
measurements. Surface roughness causes deviation of the measured 
contact angle from its true value and increases the difference in magni- 
tude between advancing and receding angles (18). Dissolution of the solid 
can lead to changes in the physical characteristics of the surface and also 
in the surface tension of the liquid. Both effects lead to biased contact 
angles. Penetration of the liquid into the solid can cause difficulties as 
well. 


The choice of a suitable series of liquids may also present difficulties. 
The liquids should exhibit poor solvent power for the solid and a broad 
range of surface tension values. Previous work in this laboratory showed 
that homologous nonionic surfactants have suitable properties for contact 
angle work (4). Each surfactant is used to prepare a single solution well 
above its critical micelle concentration. In this way, the liquid surface 
consists of an oriented layer of surfactant molecules, making the surface 
similar to that of a hydrocarbon. Experiments with polykf and paraffin 
(4) showed that this liquid series could be used toobtain reliable values 
of critical surface tension. 


In this study, critical surface tensions of several pharmaceutical solids 
were obtained using the nonionic surfactant series described. The poor 
solubility of hydrophobic drugs in these surfactant solutions minimizes 
problems due to dissolution during contact angle measurement. The 
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Figure 2-Scanning electron micrographs 
a t  500X magnification of surfaces of uarious 
drugs compressed a t  6000 kglcm2. Key: a, 
phenacetin; b, salicylic acid; c, sulfadiazine; 
d, sulfamerazine; and e, sulfamethazine. 


d e 


sessile drop method and a penetration rate method were compared. The 
effects of surface heterogeneity in mixtures of phenacetin and micro- 
crystalline cellulose on contact angles and critical surface tensions were 
also evaluated. 


not used. Pressure was exerted by a manual press6 through the upper 
punch to form the compact. Surfaces of representative compacts were 
examined by scanning electron microscopy. The specimens were 
mounted, coated with gold using a sputter coater, and scanned a t  45O tilt 
under an accelerating voltage of 20 kv. Images were recorded on black 


EXPERIMENTAL 


Materials-Aspirin', phenacetin', salicylic acid2, ~ulfadiazine~, sul- 
famerazine3, sulfamethazine3, and microcrystalline cellulose4 were the 
solid drugs studied. The nonionic polyoxyethylene octylphenol series 
tested previously (4) was used because of its numerous members with 
adequate wnter solubility and the relatively wide range of surface tension 
encompassed. Water was double distilled in an all-glass still. Other ma- 
terials were reagent or USP grade. 


Particle Size-The average particle size of the drugs waa determined 
with a subsieve analyze+. 


Preparation of Compacts-The solid material was loaded into a 
1.27-cm die. A stainless steel block covered with aluminum foil previously 
cleaned with acetone was used to support the die. The lower punch was 


USP powder, Merck & Co., Rahway, N.J. * Reagent powder, J .  T. Baker Chemical Co., Phillipsbur N J 
USP owder, American Cyanamid Co., Pearl River, N.f:  ' ' Avicef Ph-102, Fisher Scientific Co., Pittsburgh, Pa. 
Fisher Scientific Co.. Pittsburgh. Pa. 


and white film. 
The effect of compaction pressure on the appearance of aspirin surfaces 


is shown in Fig. 1. Surface irregularities became fainter as the compaction 
pressure was raised. A standard value of 6000 kg/cm2 was chosen, and 
all contact angle measurements by the sessile drop method were con- 
ducted on compacts formed a t  this pressure. Photomicrographs of other 
drug surfaces produced a t  this pressure are shown in Fig. 2. 


All surfaces were judged by eye to be sufficiently smooth and reflective 
except salicylic acid, which exhibited channels. Compacts with smooth, 
shiny surfaces were used for contact angle measurement. For this purpose, 
the compacts were formed and retained in the die. Only the smooth lower 
surface was used. 


Preparation of Solids for  Penetration Study-Preliminary work 
showed that the use of powdered drug was unsatisfactory for penetration 
rate experiments. Anomalous results were obtained and were attributed 
to clogging of the frit by tiny particles. Consequently, granules were used 
in the experiments reported here. 


The drugs studied by the penetration method, aspirin, phenacetin, and 


Model 341-20, Loomis Co., Caldwell. N.J. 
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Figure 3-Apparatus for penetration studies. Key: a, packed column 
in tube; b, glass frit; c, penetrating liquid; and d, slit in tube. 


salicylic acid, were granulated by adding 40 ml of acetone to 400 g of drug 
powder. Wet granules, obtained by extrusion through a 30-mesh sieve, 
were collected and dried in an oven for 1 hr with the ventilation air 
temperature at 26.7'. Dry granules that passed through a 20-mesh sieve 
but were retained on a 30-mesh sieve were collected and used. 


Properties of Nonionic Surfactant Solutions-All of the poly- 
oxyethylene octylphenols were used at 2.5 X M. The surface tension 
of these solutions was reported (4). Solution viscosity was measured at 
25' by a capillary viscometer7. Water was used as a standard. No kinetic 
energy correction was needed. 


Contact Angle Measurements-For the sessile drop method, the 
instrumentation was the same as that previously employed (4). The total 


0.95 - 


0.86 


30 35 40 45 
SURFACE TENSION, dyneslcm 


Figure 4-Cosine of contact angle on sulfamerazine as a function of 
surface tension. Key: A, dynamic angle; 0, static angle; and 0, angle 
after 5 min. 


' Cannon-Fenske. 


Table I-Contact Angles of Polyoxyethylene Octylphenol 
Solutions on Sulfamerazine Compacts by the Sessile Drop 
Tec hnioue 


Average 
Number of 


Oxyethylene Surface 
Groups per Tension, e 
Molecule dyneshm Dynamic Static 5 min 


5 28.5 Spreads Spreads Spreads 
9 30.0 Spreads Spreads Spreads 


12.5 33.0 >loo >loo >lo' 
16 34.7 16' 13' 11' 
30 38.8 24' 21' 16' 
40 40.0 26' 24' 19' 


volume of the drop was about 15 pl .  The liquid was slowly placed on the 
surface (0.5-1.0 pllsec), and the contact angle of the moying liquid 
boundary was measured directly. This measure is called the dynamic 
contact angle. Fifteen seconds following the final addition of liquid, a 
second measurement, the "static" contact angle (19), was made. A third 
measurement was made 5 min after the liquid application. Mean values 
of contact angle were calculated from at least three readings, each on a 
newly prepared solid surface. Values of 0 were reproducible within 
430. 


The apparatus used for penetration rate measurements is shown in 
Fig. 3. A glass frit (with a pore size of 25-50 fim) was fused into the glass 
tube about 1.0 cm above the bottom. Two slits were cut in the glass from 
the frit to the bottom of the tube to permit liquid to reach the cylinder 
without trapping air bubbles. With aspirin, 2.40 g of the granules was 
loaded into the tube. The granules were packed to a constant height (1.7 
cm) by dropping the tube 60 times from a height of 2.5 cm. Column 
preparation was the same for phenacetin and salicylic acid, except that 
2.50 g of these materials was used. 


A very small amount of amaranth was sprinkled on top of the packed 
column. The tube was then inserted into a 50-ml beaker containing 8.00 
ml of the solution whose contact angle was to be measured, and the timer 
was started. Penetration of the liquid completely through the column 
caused the appearance of a red color at the center of the top of the column, 
and this color was used as the end-point. A single beaker was used for all 
experiments on a particular solid. 


RESULTS AND DISCUSSION 


The contact angles determined by direct observation on compacted 
powdered drugs depended on the time lapsed after application of the 
drop. Table I lists the various contact angles for sulfamarazine. Angles 
less than loo were difficult to measure accurately and were not used in 
Zisman plots to determine critical surface tension. 


The pattern seen in Table I was observed for all drugs. As observed 
previously (19), the dynamic angle was always the largest of the three 


14 16 18 20 
YLl2'1 


Figure 5-Penetration of aspirin granules by nonionic surfactant so- 
lutions. Vertical bars indicate standard deviation. 
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SURFACE TENSION, dyneslcm 
Figure 6-Cosine of contact angle on aspirin as a function of liquid 
surface tension. Key: A, d-ynamic angle; 0. static angle; 0, angle after 
5 min; and 0 ,  angle from penetration study. 


measured values. The static angle, measured after 15 sec, was always 
somewhat smaller. The contact angle observed after 5 min was the 
smallest. 


The dynamic angle is based on a measurement made a t  the edge of a 
moving liquid boundary in contact with a fresh surface. After addition 
of liquid has ceased, evaporation and, possibly, penetration cause a de- 
crease in drop volume that leads to a lowering of the contact angle. Under 
these conditions, the contact angle approaches that of a receding drop 
(20). 


In Fig. 4, cos % for sulfamerazine is plotted against liquid surface ten- 
sion. The critical surface tension is the surface tension required for the 
liquid just to spread on the solid. It is found by extrapolation of the curves 
to a value of cos B = 1. Extrapolation of each set of points leads to the same 
value of critical surface tension for sulfamerazine. This pattern was ob- 
served for all solids. 


In the penetration studies, there was no evidence of collapse or cracking 


0.90 


0.70 


0.60 


30 35 40 
SURFACE TENSION, dynes/cm 


Figure 7-Cosine of contact angle on phenacetin as a function of liquid 
surface tension. Key: A, dynamic angle; 0, static angle, 0. angle after 
5 min; and 0 ,  angle from penetration study. 


t 0.80 i 
30 35 40 


SURFACE TENSION, dynes/cm 
Figure 8-Cosine of contact angle on salicylic acid as a function of 
liquid surface tension. 


of the granule columns. The penetration data were analyzed by the 
Washburn equation (15-17): 


(Eq. 1) 


where d is the distance traveled by the penetrating liquid, t is the time 
required, P is the average pore radius, and 7 is the viscosity. In these ex- 
periments, d was always the same for a particular solid and t was exper- 
imentally determined for each liquid. 


A typical penetration plot is shown in Fig. 5. Curves with this shape 
are obtained when the range of liquid surface tensions encompasses both 
wetting and nonwetting liquids. For the wetting liquids, cos 0 = 1. Ac- 
cording to Eq. 1, d2/t should decrease as y~ is decreased. This decrease 
accounts for the shape of the left side of Fig. 5. In this region, a plot of d2/t 
oersus y~/277 is linear and permits determination of P from the slope. This 
plot did not go through the origin as predicted from Eq. 1. Instead, a 


20 40 60 80 
SURFACE FRACTION OF PHENACETIN, % 


Figure 9-Contact angles of polyoxyethylene (40) octylphenol solution 
on mixtures of phenacetin and microcrystalline cellulose. Points are 
experimental; the theoretical curve is from Ey. 5. 
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Table 11-Critical Surface Tension Values of Drugs 
Substance yc, dyneslcm 


Sulfadiazine 33 
Sulfamerazine 32 
Sulfamethazine 31 
Aspirin 32 
Phenacetin 31 
Salicvlic acid 31 


constant term, C ,  had to be added: 


(Eq. 2 )  


to correct for such effects as the resistance of the glass frit, the effect of 
the glass walls of the tube on the rate of liquid movement, and possible 
vapor adsorption on the unwetted granules (21). Equation 1 must be 
modified to yield: 


(Eq. 3 )  


Once f is known, cos 0 for each nonwetting liquid can be calculated from 
Eq. 3. 


Zisman plots were constructed using contact angles from penetration 
studies and sessile drop measurement. With aspirin (Fig. 6), contact 
angles determined from penetration data fell between values of the dy- 
namic and static angles of sessile drops. They were within 2O of the dy- 
namic angles. All four sets of values may be extrapolated to yield very 
nearly the same critical surface tension, 32 dynes/cm. A value of 31 
dynedcm was reported for aspirin (12).  


For phenacetin (Fig. 7), the contact angles from penetration experi- 
ments were nearly identical to the static angle, differing from the dynamic 
angles by about 5O. Again, the same critical surface tension was obtained 
from all extrapolations. Results for salicylic acid are shown in Fig. 8. 
Contact angles were calculated from the penetration data. Contact angle 
measurements on these surfaces of compacts by the sessile drop method 
always yielded angles considerably lower than those from the penetration 
study. This result may be attributed to the effect of surface roughness 
of the salicylic acid compacts noted by scanning electron microscopy. 
When the true contact angle is less than 90°, surface roughness reduces 
the apparent contact angle (18). Therefore, the angles measured on the 
compacts were too low and were not used. 


Of the two techniques studied, the sessile drop method is faster and 
less tedious. The penetration method may be applied when compacts with 
smooth surfaces cannot be obtained. 


The values of critical surface tension of the six solid materials inves- 
tigated are summarized in Table 11. They were all rather close to each 
other, ranging from 31 to 33 dynedcm. Zisman (18) stated that methylene 
and phenyl groups in the surface would lead to yc values of 31-35. I t  is 
possible that yc is controlled largely by the hydrophobic groups in the 
molecule. 


The critical surface tension can serve as h useful empirical guide in the 
selection of a wetting agent in aqueous suspension formulation. Complete 


I I I I I 1 
20 40 60 80 100 


SURFACE FRACTION OF PHENACETIN, % 
Figure 10-Critical surface tension of mixtures of phenacetin and 
microcrystalline cellulose. 


wetting will occur spontaneously if the particular agent in the concen- 
tration chosen is capable of lowering the surface tension of the medium 
to correspond to yc. Reduction of surface tension much below yc has no 
advantage as far as wetting is concerned. Although the yc values reported 
in Table I1 were obtained using solutions of a single surfactant family, 
they are expected to apply with little error to other surfactant systems, 
provided specific adsorption effects are absent. 


A set of experiments was conducted on mixtures of microcrystalline 
cellulose and phenacetin. Microcrystalline cellulose was chosen because 
all surfactant solutions used as test liquids spread on this material. 
Phenacetin was chosen because, of the six drugs studied, the average 
particle size of phenacetin (12.Opm) was closest to that of microcrystalline 
cellulose (9.7 pn).  A series of mixtures of varying composition was pre- 
pared in 250-ml erlenmeyer flasks by extensive stirring with a glass rod. 
This mixing method was used to avoid comminution of the particles. 
Contact angle measurements by the sessile drop technique were com- 
plicated by the rapid penetration of liquid into the compact and distur- 
bance of the surface geometry. Only the dynamic contact angle mea- 
surements are considered reliable, 


The Cassie and Baxter equation (22) was employed to analyze the 
contact angles as a function of solid composition: 


cos %&a = U P  co8 0P + 0.4 cos %A (Eq. 4 )  


where up and U A  are the surface area fractions of phenacetin and mi- 
crocrystalline cellulose, respectively; %p is the contact angle on pure 
phenacetin; OA is the contact angle on pure microcrystalline cellulose; 
and Bobs is the contact angle on the mixture. Since up + U A  = 1 and cos 
0~ = 1 for all test liquids used, substitution in Eq. 4 and rearrangement 
yield 


cos enbe = 1 - up(l - cos eP)  (Eq. 5) 


In calculating area fractions for the mixtures, which were prepared on 
a weight/weight basis, it was assumed that the particles were spherical, 
that they were evenly distributed on the surface, and that the area frac- 
tions depended only on the relative particle numbers a t  the surface be- 
cause the particle sizes were close. Equation 6 is the expression for up: 


(Eq. 6) 


where nA and np are the surface particle numbers for microcrystalline 
cellulose and phenacetin, respectively; and r A  and rp are the respective 
particle radii. The  particle number, n, is defined by: 


4 
3 


p - 7rr.3 
(Eq. 7 )  


where W is total weight and p is true particle density. Substituting Eq. 
7 for nA and np in Eq. 6 gives: 


(Eq. 8 )  


Contact angles of polyoxyethylene (40) octylphenol on mixtures are 
shown in Fig. 9. Included is the curve based on the equation of Cassie and 
Baxter (22) (Eq. 5) .  Agreement is poor. Wetting of the solid mixture is 
apparently dominated by the nonwetting component and is not as good 
as that predicted by the equation. This result was typical and is similar 
to the pattern found in the wetting of aspirin-dicalcium phosphate di- 
hydrate mixtures by water (14). 


Critical surface tension is plotted against phenacetin surface fraction 
in Fig. 10. If the surface contained 25% or more of phenacetin, the critical 
surface tension barely differed from that of pure phenacetin. Wetting 
of the mixture is largely controlled by the component most resistant to 
wetting. 
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Abstract  0 A fluorometric procedure for clobazam, a 1.5-benzodiaze- 
pine, based on a fluorophore formed upon irradiation of the drug using 
short wavelength UV light (254 nm) for 35 min is presented. Fluorescence 
is linear over a 100-6400-ng/ml range using excitation and emission 
wavelengths of 350 and 400 nm, respectively. Application of the method 
to the determination of clobazam in spiked human plasma samples re- 
vealed that the drug can be determined a t  nanogram per milliliter levels 
with an accuracy of 1-5%. The procedure is specific for clobazam in 
samples containing its major plasma metabolite, N-desmethylclobazam, 
and also in samples containing 1,4-benzodiazepines and other selected 
drugs. A plasma level-time profile after oral administration of a single 
40-mg dose of clobazam to a healthy adult male is also illustrated. 


Keyphrases Clobazam-fluorometric determination in human plasma 
0 Benzodiazepines-fluorometric determination of clobazam in human 
plasma o Tranquilizers-clobazam, fluorometric determination in 
human plasma 0 Fluorometry-analysis, clobazam in human plasma 


Clobazam (I) f7-chloro-1 -methyl-5-phenyl- 1H- 1,5- 
benzodiazepine-2,4(3H,5H)-dione] is a new antianxiety 
agent currently under clinical investigation. It has dem- 
onstrated relatively low sedation potential (1,2) and rel- 
atively limited effects on normal levels of human perfor- 
mancel (3, 4). An effective therapeutic dose of 20-40 
mg/day has been suggested (4). 


J. A. Kotzan, T. E. Needham, I. L. Honigber , J. J Vallner, J. T. Stewart, W. 
J. Brown, and H. W. Jun, presented at the A P h  Academy of Pharmaceutical 
Sciences, Montreal meeting, May 1978. 


Table  I-Typical Calibration Data for  Clobazam in Human 
Plasma 


Concentration, Fluorescence 
Initial 


nelml Intensitv" Sloae InterceDt r f sY." * 
150 4.05 f 0.07 0.0258 0.2525 0.9998 f 0.0906 
300 8.00 f 0.01 
600 15.75 f 0.21 


0 Based on duplicate samples. * s is the standard error of estimate ofy (fluores- 
cence intensity) on .x (concentration). 


This paper presents a fluorometric procedure for the 
analysis of clobazam in human plasma. The method allows 
the determination of drug in the presence of N-desmeth- 
ylclobazam (II), its major plasma metabolite, which has 
also been reported to possess psychosedative and anti- 
convulsant activities with low toxicity (5). The utilization 
of fluorescence offers nanogram per milliliter sensitivity 
along with suitable reproducibility and accuracy. 


EXPERIMENTAL 
Apparatus and  Reagents-Fluorescence measurements were ob- 


tained using a spectrophotofluorometer2 equipped with a corrected 
spectra accessory and operated in the true emission mode. Excitation and 
emission slits were set a t  7 and 4 nm, respectively, and sample sensitivity 
for all measurements was set a t  1. 


Clobazam powder? was used for the preparation of a stock solution (1 
pg/ml) in plasma. This solution was prepared by the addition of 0.25 ml 
of an ethanolic clobazam solution (200 pg/ml) to a 50-ml volumetric flask, 
followed by the addition of the blank human plasma4 to volume. N -  
Desmethylclobazam, mp 305-307O, was synthesized according to the 
procedure of Rossi et a/. (6). All other chemicals were the highest purity 
available from commercial sources and were utilized as received. 


Determination of Calibration Curve-Quantities of 0.15,0.30, and 
0.60 ml of the clobazam stock solution in plasma were each placed in 
15-ml ground-glass stoppered centrifuge tubes, followed by the addition 
of blank human plasma to make 1 mi. The solution was mixed5 for 1 min. 


* Model MPF-4, Perkin-Elmer, Norwalk, Conn. 
Hoechst-Roussel Pharmaceuticals, Somerville, NJ 08876. 
Obtained from a local hospital blood bank. 
Vortex-Genie mixer, Scientific Industries, Bohemia, N.Y. 
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the same in the reference and test studies when the total 
amount excreted unchanged in the urine is used for de- 
termination of bioavailability. 


A number of drugs, however, demonstrate urine pH and 
urine flow dependent renal clearance; unless the experi- 
mental conditions are rigidly controlled by acidifying or 
alkalinizing the urine pH with ammonium chloride or so- 
dium bicarbonate while maintaining constant fluid intake, 
rend plasma clearance, C l R ,  is likely to vary between and 
within test and reference studies. 


Kwan and Till (7) suggested a method to circumvent this 
situation. When renal plasma clearance differs between 
studies, the renal plasma clearance can be determined from 
the renal excretion rates and the plasma concentrations 
of the unchanged drug between the experiments. The as- 
sumptions in this method are that renal clearance is con- 
stant within an experiment (but, of course, can vary be- 
tween studies) and that the extrarenal plasma clearance 
is the same between studies. 


The assumption of constant renal plasma clearance 
throughout the individual studies is, a t  best, an approxi- 
mation. When studies have to be carried out over longer 
periods, the renal clearance may vary due to fluctuations 
in urine flow and urine pH throughout the day, providing 
the renal clearance is urine pH and urine flow depen- 
dent. 


We propose a method for the determination of bio- 
availability that does not require constant renal clearance, 
neither between experiments nor within an experiment. 
This method allows for the determination of the bio- 
availability of a drug without rigid control of urine pH or 
urine flow, provided the extrarenal plasma clearance is 
unaltered. 


The elimination rate, dA,/dt ,  can be described by: 


(Eq. 1) 


where dAxr/dt is the rate of extrarenal elimination and 
dAr/dt is the rate of renal excretion. 


-=- dAe dAxr+dA,  
dt dt dt 


The extrarenal elimination can be expressed by: 


(Eq. 2) 


where Clxr is the extrarenal clearance and C, is the plasma 
concentration. 


Substitution of Eq. 2 in Eq. 1 and rearrangement 
give: 


(Eq. 3) 


The total amount eliminated from the body from time 
= 0 to time = must be equal to the total amount entering 
the general circulation, FD, and the total amount excreted 
in the urine from time = 0 to time = must be equal to the 
total amount recovered in the urine, A;.  


gives: 


dA, = (CLr) (Cp) (d t )  + dA, 


Therefore, integrating Eq. 3 from time = 0 to time = 


FD = S,” ( C L ) ( C p ) ( d t )  + A; (Eq. 4) 


where F is the bioavailability of the dosage form and D is 
the amount of drug administered. 


Since .f,” (C, ) (d t )  = AUC,” and CZxr is assumed to be a 
constant, the following relationship is obtained: 


(Eq. 5) FD = (Cl,,)(AUC,”) + A; 


When the bioavailability of the reference dose is FS and 
the bioavailability of the test dosage form is FT, FT can 
simply be determined by: 


When the reference dose is an intravenous bolus dose 
where the bioavailability is equal to 1, Eq. 6 can be ex- 
pressed by: 


To use this method, the total area under the plasma 
concentration versus time curve and the amount excreted 
unchanged in the urine from time = 0 to time = for both 
the test drug and the standard are needed. Except for the 
assumption of extrarend plasma clearance constancy, this 
method does not require a constant renal clearance and 
fraction excreted unchanged nor an assessment of the 
pharmacokinetic model. From Eq. 6, i t  can be seen that 
this method cannot be used to assess the relative bio- 
availability of a drug, FTIFS, and is only useful when the 
reference dosage form is an intravenous bolus or if the 
bioavailability of the reference dose is known. 
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Novel Method for Determining 
Protein Binding of Theophylline 


Keyphrases 0 Theophylline-protein binding determined by ultrafil- 
tration method Protein binding-theophylline, determined by ultra- 
filtration method Binding, protein-theophylline, determined by ul- 
trafiltration method 0 Ultrafiltration method-determination of theo- 
phylline protein binding 0 Relaxants, smooth muscie-theophylline, 
protein binding determined by ultrafiltration method 


To the Editor: 
The kinetics of drug elimination and the apparent bio- 


logical half-life of a drug may be influenced by drug-pro- 
tein interactions (1). Although interpatient and intrapa- 
tient variations in theophylline clearance rates are gen- 
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S Y R I N G E  FOP SAMPLING 
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S T I R R E R  + 
Figure l--(Jltrafiltration apparatus using the immersible  membrane  
cartridge. 


erally attributed to factors such as age, smoking, ingestion 
of other drugs, and hepatic dysfunction (2), protein 
binding of theophylline also could influence clearance. 


Theophylline binding to bovine serum albumin (fraction 
V) (3) and human plasma (4) has been determined by 
equilibrium dialysis, but this technique is slow and un- 
suitable for routine clinical use. conventional ultrafiltra- 
tion is more rapid and has been used to study the binding 
of theophylline to serum and human milk (5). Ultrafil- 
tration cones have been employed to measure protein 
binding of theophylline in small (2 ml) plasma samples (6). 
A controlled-temperature centrifuge is required for re- 
producible results with these ultrafiltration techniques. 


The extent of theophylline binding to human serum and 
bovine serum albumin (fraction V) was determined using 
an ultrafiltration method that eliminates centrifugation. 
An immersible cartridge' was used, consisting of a non- 
cellulosic ultrafiltration membrane sealed to a plastic core. 
Each cartridge was connected to a 3-ml disposable syringe 
uia a three-way valve (Fig. 1). The syringe provided a 
sufficient vacuum to effect ultrafiltration when the car- 


' Immersible molecular separator. Millipore L g . ,  Mississauga, Ontario, L4V 11.2, 
Canada. 


tridge was immersed in the test material. The ultrafiltrate 
was sampled using the second syringe. 


The human serum and bovine serum albumin solution 
(4%) in phosphate buffer, pH 7.4, contained 15 pg of 
theophylline/ml. The immersible cartridge unit was 
flushed with pH 7.4 buffer prior to use, and excess buffer 
was removed by suction. The cartridge was immersed in 
2-4 ml of the theophylline-protein specimen to be ana- 
lyzed, and the sample was agitated gently with a magnetic 
stirring bar while avoiding physical damage to the sepa- 
rator membrane. A vacuum was applied to the core until 
sufficient protein-free filtrate was obtained. The aliquot 
collected in protein-binding studies by ultrafiltration did 
not exceed 10% of the initial volume. Samples of the filtrate 
and retentate were removed and assayed for theophylline 
using high-performance liquid chromatography (7). The 
extent of binding was calculated using: 


Db Dt -Df 
fraction bound = - = - 


Dt Dt 
(Eq. 1) 


where D b  is the amount of drug bound, Dt is the total 
amount of drug present, and Df is the amount of free drug. 
Each immersible cartridge unit was reused several times 
after careful washing according to the procedure recom- 
mended by the manufacturer. 


The immersible cartridge and ultrafiltration cone2 
methods were compared a t  room temperature. The cones 
were soaked in pH 7.4 phosphate buffer, removed, and 
wiped dry. Protein solution or serum containing theo- 
phylline, 2-4 ml, was placed in the cone and centrifuged 
at  800Xg. The samples were spun three times (2-6 min 
each) to provide three 10O-v.11 aliquots. The second and 
third aliquots were assayed for theophylline to give the 
concentration of free drug in the original sample. The so- 
lution in the cone was analyzed for total concentration of 
theophylline. 


Both ultrafiltration cones and immersible cartridge 
units permitted protein leakage into the filtrate if the 
membrane was not functioning correctly or was damaged. 
Such leakage would invalidate results since the protein 
transports bound theophylline. A sensitive colorimetric 
semiquantitative estimate for protein3 was used to test all 
filtrates. 


The percentage binding of theophylline at  concentra- 
tions of 15 pg/ml to serum or bovine serum albumin 
(fraction V) was similar when determined by the im- 
mersible cartridge and ultrafiltration cone methods. With 
the 4% bovine serum albumin, theophylline protein 
binding was 56.3 f 7.4% using the immersible cartridge and 
51.7 f 11.4% using the ultrafiltration cones. In pooled 
human serums, theophylline protein binding was 67.8 f 
5.5% using the immersible cartridge and 66.3 f 4.6% using 
the ultrafiltration cones. The results obtained from the 
immersible cartridge and cones were not significantly 
different ( p  < 0.05). 


Determination of theophylline protein binding using 
immersible cartridges is convenient and rapid. The ul- 
trafiltration membrane has a nominal molecular weight 
cutoff of 10,000, which provides effective separation of 


~ ~~ 


* Centriflo C F  50-A cones, Amicon Corp., Lexington, MA 02173. ' Albustix. Ames Co. Division, Miles Laboratories, Ltd., Rexdale, Ontario, 
Canada. 
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theophylline from serum or plasma proteins. The appa- 
ratus is portable and does not require a refrigerated cen- 
trifuge for ultrafiltration. The procedure is ideal for clinical 
investigations because of the small volume of sample re- 
quired. It has potential application to the study of protein 
binding of a wide range of xenobiotic compounds. 
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BOOKS 


REVIEWS 
Formulation and Preparation of Dosage Forms. Edited by J. POL- 


DERMAN. ElseviedNorth-Holland, 52 Vanderbilt Ave., New York, 
NY 10017.1977.307 pp. 16 X 24 cm. Price $37.95. 
This volume presents the proceedings of the 37th International Con- 


gress of Pharmaceutical Sciences (F.I.P.) held in The Hague, The 
Netherlands, September 5-9,1977. The editor states that the book takes 
its title from the main theme of the Congress. 


The first of five sections is Formulation and Preparation of Dosage 
Forms. Three reviews are given on formulation factors affecting drugs 
given by oral route, surface applied drugs, and drugs given parenterally. 
These reviews are preceded by a General Introduction and followed by 
Conclusions and Perspectives. The introduction was more informative 
and better documented than the presentations on the oral route and the 
parenteral route. 


The second section is Drug Substance-Pro-Drugs. The presentation, 
Drug Substances in Particular Pro-Drugs: Problems and Methods of 
Approach, was excellent and provided a wealth of references. The report, 
Analytical Aspects on Pro-Drugs, was informative and well documented. 
Pro-Drugs: Structure Activity Relationships suffers by comparison with 
the other presentations. 


The third section, First Pass Effects, is composed of three lectures 
covering the influence of the route of administration of a substance on 
its bioavailability, drug metabolism associated with the routes of ad- 
ministration, and first pass effects and consequences for the routes of 
administration and dosage form design. The section describes the first 
pass effects and cites examples; however, some statements are redundant. 
Perhaps this repetition is unavoidable with the multiauthor presentations 
of a symposium. 


The fourth section, Mechanism of Drug Release, consists of three 
presentations. Physico-chemical Aspects of Drug Release discusses 
theories of dissolution and dissolution of particles and binary mixtures. 
Solid Dosage Forms: Mechanism of Drug Release gives a simple view of 
the effect of formulation on release. Liberation of Medicaments from 
Semi-solid Bodies Applied to the Skin considers penetration conditions 
of chemical substances through the skin and the role of carrier materials 
in the rate of release of medicaments applied to the skin. 


The final section, Physico-chemical and Technological Aspects, was 
also composed of three Presentations. Powder technology was discussed 
superficially. A description of physicochemical and technological aspects 
of granulation techniques was elemental. A review of the process involved 
in tablet formulation provided some interesting scanning electron mi- 
crographs of compressed tablets; however, i t  did not explain or document 
what might be occurring in the compaction process. The final section was 
the least informative of the five sections. 


As expected in a symposium presented by 17 authors in three lan- 
guages, even after translation into English, the style is not uniform and 
repetition does occur; however, the volume is easily read and provides 
facts and references of interest to anyone concerned with dosage 
forms. 


Reoiewed by Eugene L. Parrott 
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Cardiovascular Drugs. Vol. I: Antiarrhythmic, Antihypertensive 
and Lipid Lowering Drugs. Vol. 2: 4-Adrenoceptor Blocking 
Drugs. Edited by GRAEME S. AVERY. University Park Press, 233 
East Redwood St., Baltimore, MD 21202.1978.16 X 24 cm. Vol. 1: 176 
pp. Vol. 2: 230 pp. 
These two volumes comprise two parts of a three-part series entitled 


"Cardiovascular Drugs." The chapters have been revised from popular 
review articles previously published in the Australasian Drug Information 
Services press journal, Drugs. Written by internationally recognized 
authorities in their respective fields, this collected series provides a 
concise and convenient review of the current state of the art  in cardio- 
vascular drug therapy. 


Volume 1 contains four chapters that  review lipid lowering drugs and 
hyperlipidemia, antihypertensive drug therapy, antiarrhythmic agents, 
and clinical pharmacology and therapeutic uses of digitalis glycosides. 
With 51 figures, 19 tables, over 500 references, and an extensive subject 
index, this volume provides valuable and practical information con- 
cerning the appropriate therapeutic use of antiarrhythmic, hypotensive, 
and hypolipidemic drugs. Also included are discussions concerning the 
pharmacological actions, adverse reactions, and combination drug in- 
teractions of these cardiovascular agents. 


Volume 2 contains nine chapters covering the pharmacodynamics and 
pharmacokinetics of @-adrenoreceptor blocking drugs; 8-adrenoceptor 
blocking agents in the treatment of hypertension, angina pectoris, cardiac 


.arrhythmias, and hyperthyroidism; clinical toxicology of propranolol and 
practolol; adverse effects of @-adrenoceptor blocking agents on respira- 
tion; and autoimmune and autoallergy phenomena in patients treated 
with @-blockers. With 20 figures, 27 tables, over 1000 references, and a 
subject index, this book provides a comprehensive review of @-adrenergic 
blocking drugs. 


These well-written and comprehensive volumes are excellent reference 
sources and clinical guides to scientists working in cardiovascular re- 
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Hydrolysis and Dissolution Behavior of a 
Prolonged-Release Prodrug of Theophylline: 
7,7’-Succinylditheophylline 
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Abstract 0 The physicochemical characteristics of 7,7’-succinyldi- 
theophylline, a slow dissolving prodrug of theophylline, were investigated 
a t  2 5 O .  One molecule of 7,7’-succinylditheophylline hydrolyzed to give 
two molecules of theophylline and one molecule of succinic acid. At 25’ 
in aqueous solution, constant ionic strength, and zero buffer concentra- 
tion, the pH profile for the hydrolysis of 7,7’-succinylditheophylline could 
be described adequately by a spontaneous constant, ko, of 8.15 X 
sec-’ and a hydroxide catalytic constant, koH-, of 1.46 X 105 M-I sec-’. 
No specific acid catalysis was seen a t  pH values as low as 1. This disso- 
lution rate of 7,7’-succinylditheophylline from a constant surface area 
pellet was independent of pH below 8. However, at  pH values greater than 
8, the dissolution rate was accelerated by a base. This behavior was 
consistent with the dissolution rate being catalyzed by the simultaneous 
chemical reaction of 7,7’-succinylditheophylline with hydroxide ion a t  
a rate such that substantial hydrolysis of the substrate was occurring in 
the dissolution film. Dissolution with simultaneous chemical reaction 
for 7,7’-succinylditheophylline was analyzed theoretically on the basis 
of a film theory model. Excellent correlation between the theoretical 
and observed dissolution behavior was found. A t  pH values less than 
8, the dissolution of 7,7’-succinylditheophylline was 36 times slower than 
that of theophylline. Based on this result, the aqueous solubility of 7,7’- 
succinylditheophylline was estimated to  be 1.63 X 


Keyphrases 0 7,7’-Succinylditheophylline-hydrolysis and dissolution, 
effect of pH Prodrugs, theophylline-7,7’-succinylditheophylline, 
hydrolysis and dissolution, effect of pH Hydrolysi~-7,7’-succinyldi- 
theophylline, effect of pH 0 Dissolution-7,7’-succinylditheophylline, 
effect of pH Theophylline prodrug~-7,7’-succinylditheophylline, 
hydrolysis and dissolution, effect of pH 


M .  


Theophylline is an effective bronchodilator used widely 
for the treatment of asthma. The improvement of pul- 
monary function in asthmatic patients was related to  the 
plasma theophylline concentration (1-4). An optimal 
serum concentration range of 10-20 pglml was reported 
(51, although ranges from 5 to 20 pg/ml are often quoted. 
Theophylline levels greater than 16 pg/ml were associated 
with toxicity (5). For a drug with this narrow therapeutic 
index, i t  is difficult to maintain the optimum blood level 
for the desired time period; higher concentrations fre- 
quently result in toxicity and lower values appear less 
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likely to  provide maximal therapeutic benefit. Those 
problems suggest that modification of pharmaceutical 
properties are necessary to  maintain the optimum blood 
level by the prodrug approach. 


One main objective of a prodrug is to influence the 
plasma drug concentration-time profile with known 
pharmacological activity. This effect is achieved conve- 
niently when the prodrug is much less soluble in water and 
has a slower dissolution rate in aqueous fluid than the 
parent drug. Under these circumstances, the appearance 
of the parent drug in the body is slowed by the slow dis- 
solution of the prodrug in the GI tract (6-8). The purpose 
of this study was to investigate some physicochemical 
properties of 7,7’-succinylditheophylline as a potential 
prolonged-release theophylline prodrug. 


THEORETICAL 


The dissolution of 7,7’-succinylditheophylline will be shown to be pH 
dependent above pH 8. A t  pH values greater than 8, the hydrolysis of 
7,7’-succinylditheophylline to theophylline occurs so rapidly that it takes 
place in the diffusion layer film. That  is, the dissolution of 7,7‘-SUC- 
cinylditheophylline occurs with a simultaneous irreversible chemical 
reaction. 


Theoretical predictions of the dissolution rate with simultaneous ir- 
reversible chemical reactions have been treated previously (9, 10). The  
experimental data for the dissolution rate of 7-acetyltheophylline agreed 
with theoretical predictions based on the film theory model under 
steady-state conditions. This theoretical treatment also may be applied 
to 7,7’-succinylditheophylline. 


The problem to be considered is that in which a solid phase, A ,  dissolves 
into the liquid phase and then reacts irreversibly with a species, B, already 
present in the liquid phase: A + R - C + D. The  intermediate species, 
D, then reacts irreversibly with R to form the final products: D + (n  - 
l )R - products, where n is the number of molecules of R. If A is 7,7‘- 
succinylditheophylline and R is hydroxide ion. n is equal to 2 below pH 
8 and to 4 above pH 9. The first step, disappearance of A by reaction with 
B, would be considered a rate-determining step. 


Let A be the concentration of 7,7’-succinylditheophylline a t  a distance 
X within the liquid film, t the time, k o  the first-order rate constant of a 
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spontaneous hydrolysis reaction, k s  the second-order rate constant for 
the reaction between solute A and component R, DA the diffusion coef- 
ficient of A in the medium, and Ds  the diffusion coefficient of B in the 
medium. 


If the chemical reaction is fast enough, it takes place in a thin zone 
within the diffusional film; the concentration distribution that establishes 
the diffusional film is sketched in Fig. 1. The diffusion rate in an element 
of unit area can be expressed by: 


The diffusion rate out of the element a t  the point X + d X  will be: 


The consumption rate of A within the element is, therefore: 


For component B, the analogous expression is: 


(Eq. 2) 


(Eq. 3) 


(Eq. 4) 


Per unit time, the consumption of A and B is expressed also by the re- 
action rate: 


(Eq. 5a)  


So that the number of molecules A and R disappearing within the volume 
element will be: 


1 dR dA 
dt n dt  


Combining Eqs. 3,4, and 56 yields: 


d X  = - - - d X  = (ko + kBB)A dX (Eq. 56) -- 


(Eq. 6) 


A general solution of this equation by exact mathematical methods is not 
possible. However, one important conclusion can immediately be drawn 
from the eouation since: 


d2A Dgd2R - o  DA 7 - -7 - 
d X  n d X  (Eq. 7) 


After two integrations, the constants of integration are evaluated to give 
Eq. 8 by use of boundary conditions: 


where X = 0, A = Ao, and B = BO a t  the interface and X = XL, A = AL, 
and B = BL a t  the film edge. 


Although Eq. 8 represents the dissolution rate of A per unit area of film, 
it cannot be determined directly from this relationship since the Ro 
concentration is unknown. However, it is possible to find a solution for 
Bo in specific cases by a numerical integration of Eq. 6. 


A mathematical solution of Eq. 6 was described previously (11,12) for 
some special c+es when the concentration of B (or liquid phase reactants) 
is constant throughout the liquid film: 


(Eq. 9a) 


The solution of the equation is given by: 


(Eq. 96) 
AL sinh (ax) + A0 sinh [ ~ ( X L  - X ) ]  


sinh ( ~ X L )  
A =  


where: 


(Eq. 9c) 


The slope of the concentration curve is obtained by differentiating Eq. 
96. The diffusion rate of A into the solution phase, NA,  is obtained by 
multiplying the slope a t  X = 0 by the diffusivity, DA: 


and: 
Y Y 


N A = -  2 ( Ao-- tanh Y AL -) sinh Y 0%. 11) 


I Diffusing Out 


, z [ [ k o .  k g  6 )  A )  d X  Bulk 
Solution 


X Z O  X X I d X  X Z X L  


Figure 1-Schematic illustration of concentration profiles during the 
dissolution of solid A in reactioe media. Key: X, distance from A; and 
L, diffusion layer thickness. 


where Y = UXL. 
Consider the following conditions: 
1. When the reaction rate is practically zero, Y is nearly equal to sinh 


Y and tanh Y. Equation 11 is reduced to: 


(Eq. 12a) 
D 
XI, 


For the special case where AL = 0 


NA = (A0 - AI,) 


(Eq. 126) N A = M ~ = - A o  DA 


this value must be considered as the limiting rate of diffusion; i.e., when 
the reaction proceeds entirely within the bulk of the liquid, diffusion 
through the liquid film is the rate-determining step. 


2. When the reaction rate is large, tanh Y = 1 and sinh Y tends toward 
infinity so Eq. 11 reduces to: 


X L  


At a high reaction rate, the reaction proceeds completely within the liquid 
film and the overall appearance rate of product (theophylline), 81, is: 


R i  = Ao d ( k o  + ~ B R L ) D A  (Eq. 14) 


EXPERIMENTAL 


Measurement of Hydrolysis Rates-Reactions were performed in 
the cell of a UV spectrophotometer'. Appropriate portions (0.5 and 2.5 
ml) of 4 X M 7.7'-succinylditheophylline in dioxane were placed in 
a 2-cm cell, and buffer solutions (5 and 3 ml) were injected from a syringe 
into the cell at 25' at the same time as the chart motor was started. 


Measurements of the absorbance change a t  300 nm were taken. The 
apparent first-order rate constants were obtained by plotting the net 
absorbance change against time on semilogarithmic paper and calculating 
the first-order constant from the equation kapp = 0.693/to.s. 


Dissolution Ra te  Determination-Pellets of 7,7'-succinylditheo- 
phylline were prepared by directly compressing 200 mg of the material 
in a die (1.3 cm i.d.) under a force of 454 kg with a laboratory press2. The 
pellet was held firmly in the die by covering the inside surface with melted 
paraffin (exposed surface area of 1.130 cm2). 


A 500-ml volume of the selected buffer solution was placed in 1-liter, 
three-necked, round-bottom flasks and kept a t  25O in a constant-tem- 
perature water bath. A semicircular stirring blade (width of 4.8 cm and 
maximum depth of 1.4 cm) was positioned in the dissolution medium so 
that the top of the blade was maintained at the same level as the disso- 
lution medium surface. 


The pellet was placed in the medium by guiding i t  through the side 
neck of the flask, and i t  remained a t  the bottom of the flask without 
moving during agitation. A stirring rate of 50 rpm was initiated imme- 
diately after the pellet was introduced into the flask. At the same time, 
a sample of the solution was circulated continuously, a t  a flow rate of 43 
ml/min, with a peristaltic pump? to a UV spectrophotometer. Absorb- 
ances were recorded a t  270 nm using a 1-cm flowcell. 


Model 14, Cary, Monrovia, CA 91016. 


Model 7016, Cole-Palmer, Chicago, IL 60648. 
* Model C, Fred S. Carver, Menomonee Falls, WI 53051. 
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Table I-Apparent First-Order Rate  Constants ( kappr seconds-') fo r  Hydrolysis of 7,7-Succinylditheophylline in Various Buffer 
Concentrations and pH Values 


k$::f, kEpd, 
Buffer" PH sec sec-I 


01 NHCI 1.10 2.01 x 10-2 8.04 X - _ _  
1 x N HCI 2.05 2.95 x 
1 x N HCI 3.07 2.95 x 8.15 X 


6.0 X 10- 14 x 10-3 9.86 x 10-2 5.05 f 0.03 2.95 x 
[CHFOOH] [CH3COONa] [ NaCI] 


1 x N HCI 2.05 
1 x N HCI 3.07 


[CH:iCOOH] [CH3COONa] INarll 
6.0 X 10- 1.4 X 


- .  ~ 


2.95 x iO-2 
2.95 x 8.15 X 


5.05 f 0.07 2.95 x 1.2 x lo-" 2.8 X 9.72 X 
2.4 X lo-:{ 5.6 x 10-3 9.44 x 10-2 5.05 f 0.03 3.01 x 10-2 
3.6 x 10-3 8.4 x lo-" 9.16 x 10-2 5.05 f 0.03 2.95 x 


5.05 f 0.03 2.95 x 8.15 x 


1.4 X lo-.' 1.0 x 10-2 8.58 X 6.0 f 0.01 3.01 x 10-2 8.66 X 
2.8 x lo-:\ 2.0 x 10-2 7.16 X 6.0 f 0.01 3.38 x 9.00 x 10-2 
4.2 x 1W3 3.0 x 10-2 5.74 x 10-2 6.0 f 0.01 3.55 x 10-2 9.24 X 
5.7 x 10-3 4.0 x 4.28 X 6.0 f 0.01 3.85 X 9.50 x 
7.0 X lo-? 5.0 x 10-2 2.80 X lo-* 6.0 f 0.01 4.08 X 


INa2HP041 INaH2P041 [NaCI] 


6.0 f 0.01 2.79 X lo-' 8.34 X lo-' 
4.88 x lo-:% 3.12 x 10-3 8.22 x lo-' 6.95 f 0.05 4.47 x 10-2 9.90 x lo-' 
7.32 X lo-? 4.68 x 7.34 x 10-2 6.95 f 0.05 4.62 x lo-* 10.27 x 
9.76 x 10-3 6.24 x 6.45 X 6.95 f 0.05 5.33 x 10-2 10.66 X 
12.20 x 10-3 7.80 x 5.56 x 10-2 6.95 f 0.05 5.54 x 10-2 11.19 x 10-2 


6.95 f 0.05 3.62 X lo-' 9.02 X 
1.0 x 10-2 2.34 x lo-? 1.68 X lo-' 7.40 f 0.05 7.70 X 
2.0 x 10-2 4.70 X lo-? 1.35 x 10-I 7.40 f 0.05 8.35 X lod2 
4.0 X 9.38 X 9.06 X 7.40 f 0.05 9.90 x 10-2 
5.0 X I I .72 X 3.83 X 7.40 f 0.05 10.83 x 10-2 


7.40 f 0.05 6.85 X 
1.88 x lo-? 3.12 x 10-2 11.20 x 10-2 6.46 4.62 X 
2.45 x 2.55 x 10-2 10.10 x 10-2 6.07 4.78 x 
3.05 x lo-' 1.95 x 8.90 X 6.89 6.93 X 
3.60 x 10-2 1.40 X 7.80 X 7.12 7.70 X 
4.05 x 9.50 X 6.90 X 7.35 9.90 x 10-2 
4.35 x 10-2 6.50 X 6.30 X 7.54 10.66 x 
4.58 x 10-2 4.20 x 5.81 X lo-' 7.74 14.66 X 


Values in the a uenus medium without dioxane. * All pH values were measured in aqueous buffers a t  25O before mixing with dioxane. The apparent first-order rate 
constant (seconds-8 fnr the reaction in 45.5% dioxane-51.5% aqueous buffer solution. The apparent first-order rate constant (seconds-') for the reaction in 9% dioxane-91% 
aqueous buffer solution. Values obtained by extrapolation to zero buffer concentration. 


The total amount of compound in solution as a function of time was 
determined. The total dissolution rate of 7,7'-succinylditheophylline, 
(dAldt )(=o, was ohtained from the initial slope of the concentration-time 
curve, and the dissolution rate per unit area of the pellet was obtained 
from the value of (V/S)(dA/dt),=o, where V is the dissolution medium 
volume of 500 ml and S is the pellet surface area of 1.13 cm2. 7,7'-Suc- 
cinylditheophylline was measured in solution as theophylline since, as 
will be shown later, 7,7'-succinylditheophylline rapidly and quantitatively 
reverted to theophylline a t  all pH values studied. 


RESULTS AND DISCUSSION 


Spectral  Change and Molar Absorptivity-The spectra of 7,7'- 
succinylditheophylline showed a A,,, a t  300 nm in dioxane (Fig. 2, curve 
1). After 3 ml of 1 X M 7,7'-succinylditheophylline in dioxane was 
mixed with 0.5 ml of water, the spectra were taken a t  appropriate time 
intervals (4-10 min, Fig. 2, curves 2-6); the initial absorbance a t  300 nm 
in dioxane (A,,, of,7,7'-succinylditheophylline) decreased with time. A 
new band appeared a t  274 nm (A,,, of theophylline). The A,,, a t  300 nm 
completely disappeared within 1.5 hr (Fig. 2, curve 7). Maintenance of 
an apparent isosbestic point at 287 nm was evident for the transformation 
of 7,7'-succinylditheophylline. 


Appropriate volumes of 7,7'-succinylditheophylline stock solution (1 
X lo-' M )  in dioxane were diluted with 0.1 N HCI to give a 4 X 10-5-1 
X M range, and spectra were taken with a 5-cm silica cell after 
overnight standing a t  room temperature. Molar absorptivities of degraded 
7,7'-succinylditheophylline and theophylline at  270 nm were 2.025 X lo4 
and 1.003 X lo4 liters/mole-cm, respectively. These data showed that 
molar absorptivity of degraded 7,7'-succinylditheophylline in 0.1 N HCI 
was two times greater than that of theophylline. This information, cou- 
pled with the spectral change (from 300 to 270 nm), demonstrated that 
1 mole of 7,7'-succinylditheophylline degraded to produce 2 moles of 
theophylline. 


Catalytic Hydrolysis Rate  Constants-No significant buffer ca- 
talysis was observed in the acetate buffer and dioxane mixture with an 
ionic strength of 0.1 (Table I). However, a small, but significant, buffer 
effect was observed with phosphate buffer. The apparent first-order rate 


constant a t  zero phosphate buffer concentration was obtained from plots 
of the apparent first-order rate constants, kappr against the phosphate 
buffer concentration (Table I and Fig. 3). 


No specific acid catalysis was observed (Fig. 4). The important con- 
tribution to hydrolysis of 7,7'-succinylditheophylline at the pH-inde- 
pendent region below pH 6 would be water catalysis. The apparent 
first-order rate constant for a 9% dioxane-91% aqueous system helow pH 
6 was kgp = 8.15 X sec (Table I and Fig. 4). The extrapolated value, 
ko, agreed reasonably with the kp value. It was based on the premise that 
the results in a 9% dioxane-water system are very similar to those in pure 
water systems (13). Above pH 7, the hydrolysis kinetics in a 9% diox- 
ane-buffer system were difficult to follow hy conventional UV spectro- 
photometry because of the rapid hydrolytic reaction. 


The specific base catalytic constant, k&?" in a 45.5% dioxane-55.5% 
aqueous buffer system was obtained from plots of kapp against [OH-] 
(where pH was measured in pure aqueous buffer with ionic strength 0.2); 
k$$? was 1.46 X 106liters/mole-sec (Fig. 5 ) .  Because the value of kh53? 
was obtained from the apparent hydroxide-ion concentration, ranging 
from M, the activity coefficient of OH- in a 45.5% diox- 
ane-water system, 7h5&?, as well as the activity coefficient of OH- in 
water, y&-, can be assumed to be unity, so the value of kov? can be 
treated as that  of the.specific base catalytic constant in water, koH- .  


Based on those values of ko and koH-, the theoretical log k,,,-pH 
profiles were constructed as shown in Fig. 4. 


Hydrolytic Reactivity and Mechanisms-7-Acetyltheophylline ( I )  
and 7,7'-succinylditheophylline have half-lives of 40 and 8 sec, respec- 


to 
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tively, in water a t  room temperature. The high degree of reactivity of 
N-acylated theophylline compounds compared with the low reactivity 
of normal amides may be related to the quasiaromatic character of the 
theophylline ring. As a result of the participation of the electron pair on 
the 7-nitrogen in the *-electron system, this nitrogen becomes more 
positive, exerting attraction toward the ring. This electron attraction 
increases the rate of nucleophilic reactions involving the carbonyl 
group. 


N-Acetylimidazole (11) is hydrolyzed with a half-life of 40 min a t  room 
temperature in water (14). The difference in reactivity between N-ac- 
ylated theophylline compounds and N-acetylimidazole can be explained 
by the greater delocalization of the lone electron pair of the imide nitrogen 
in the theophylline ring (I) than in the imidazole ring (11). Higher reac- 
tivity of 7,7'-succinylditheophylline over 7-acetyltheophylline was ex- 
pected since the theophylline hemisuccinate group is much better as a 
leaving group than is the acetyl group. 


The overall hydrolytic degradation of 7,7'-succinylditheophylline is 
illustrated in Scheme I. It is assumed that 7,7'-succinylditheophylline 
(111) hydrolyzes to theophylline (IV) and theophylline hemisuccinate (V); 
then the latter degrades to theophylline and the succinate ion (VI) as a 
consecutive first-order process as shown in Scheme 11: 


A & + D  


D % + E  
Scheme I1 


In this study, the kinetics were followed by the disappearance of 7,7'- 
succinylditheophylline under pseudo-first-order conditions. Experi- 
mentally, k l  and k2 were inseparable, given by a single exponential de- 
crease in starting material as a function of time. The intermediate, V, 
could not be isolated by the chromatographic method. It suggested that 
k2 is much larger than kl, so the first step is rate determining. 


The hydrolysis of hemisuccinate is catalyzed powerfully by a suitably 
spaced, neighboring ionized carboxyl group (15,16). The intramolecular 
hydrolysis rate of phenyl succinate (VII) a t  25' is 1.42 x sec-1 at 


J/ pKa, = 5.61 CH 0 


CH COO- 


CH,COO- 
VI 


I ? '  


Scheme I 


neutral pH (16). However, the intermolecular reaction rate of phenyl 
acetate (VIII) with acetate ion a t  63' is 1.02 X litedmole-sec 
(14). 


The intermolecular reaction of phenyl acetate with acetate ion requires 
more than 100 M acetate ion for the hydrolysis rate to be equivalent to 
the rate of the intramolecular hydrolysis of phenyl succinate. Further- 
more, under favorable conditions, the effect of the carboxylate attack is 
much larger than the effect of hydrogen- and hydroxide-ion-catalyzed 
ester hydrolysis (16). Therefore, the hydrolysis rate of 7,7'-succinyldi- 
theophylline can be expected to be no less than 100-fold of that  of 7- 
acetyltheophylline (1.6 X sec), so k2 >> kl (first step is rate deter- 
mining). 


Estimation of Diffusion Coefficient-The values of the diffusion 
coefficient for 7,7'-succinylditheophylline and hydroxide ion were esti- 
mated using the Stokes-Einstein equation (17): 


D -  RT 
6 ~ p N  3Mu (Eq. 15) 


where M is the molecular weight, u is the partial specific volume, 7' is the 
absolute temperature, R is the molar gas constant, N is Avogadro's 
number, and p is the solvent viscosity. 


When u = 1 and g = 0.01 poise, the values of the diffusion coefficient 
of 7,7'-succinylditheophylline, D A ,  and hydroxide ion, D g ,  a t  25O were 
3.90 X and 1.15 X cm'/sec, respectively. 


Estimations of Film Thickness, XL, and Saturat ion Solubility, 
Ao-The dissolution rate of A per unit area of film is represented by Eq. 
8. The value of Ar. is assumed to be zero under the steady-state condition, 


0 0 


VII VIII 
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I E Table  11-Comparison of Reaction Time ( t r )  and Diffusion 
Time a (tD = 2 sec) with Respect to Various pH Values 


[OH-I, kapp trC, 
PH mole/cm:' sec-' sec 


b 


1 .o 
3.0 
5.0 
7 .O 
9.0 
10.14 
11.0 
11.7 
12.0 
12.48 
12.70 
13.0 
13.3 
13.48 


1 x 10-16 


1 x 10-12 
1 x 10-lfl 
1 x 10-8 


1.38 x 10-7 
1.0 x 10-6 
5.0 x 10-6 
1.0 x 10-5 
3.0 X lo-" 
5.0 X 
1.0 x 10-4 
2.0 x 10-4 
3.0 x 10-4 


I x 10-14 
8.15 X 
8.15 x 10-2 
8.16 x 
9.61 X 10-2 
1.54 
2.02 x 101 
1.46 X lo2 
7.30 x 102 
1.46 X 10'  
4.38 x 109 
7.30 X lo3 
1.46 x 104 
2.92 x 104 
4.38 x 104 


12.27 
12.27 
12.25 
10.41 
6.49 X lo-' 
4.94 x 10-2 
6.85 x 
1.37 x 
6.85 x 10-4 
2.28 x 10-4 
1.37 x 10-4 
6.85 x 
3.42 x 
2.28 x 10-5 


and rearrangement of Eq. 8 gives: 


When the chemical reaction takes place mainly in the film, film thickness 
X I ,  can he obtained from the slope of the plot of D A  (dA/dX),,o, which 
is equal to (V /S ) (dc /d t  ) t=o,  against [OH-] (Fig. 6). The value of X L  oh- 
tained from this plot is 3.8'7 X cm. 


The  value of X L  also can he obtained under the same hydrodynamic 
conditions as those for theophylline. With the values of the total disso- 
lution rate of theophylline (1.43 X 10-'" mole/cm3-sec), the saturation 
solubility (4 X 10P mole/cm3)), and the diffusion coefficient of theo- 
phylline estimated from the Stokes-Einstein equation (5.26 X IO+ 
cm2-sec), the value of XI,, 3.33 X cm, was obtained from the 
Noyes- Nernst equation in an analogous manner to previous work (9). 
Those two estimated values of X L  agreed reasonably well with each other 
within experimental error. 


Direct measurement of the solubility of 7,7'-succinylditheophylline 
(111) was impossible because of  its high reactivity in water (to.5 = 8.0 sec 


OB t 
0.7 h 


7 


A 


I 
1 2 3 4 5 6  


[PHOSPHATE BUFFER], total X lo2 M 


Figure  &-Plots of apparent first-order rate constants (bpp) against 
various concentrations o f  phosphate buffer at a constant pH and an  
ionic strength of 0.1. Curves I ,  I I ,  and 111 show the reactions in a 45.5% 
dioxan~-54.5% aqueous buffer system at pH 6.0, 7.0, and 7.4, respec- 
tively. Intercept values were: I ,  2.79 X see-'; 
and I I I ,  6.85 X lO-'sec-'. Curves IVand  Vshow the reactions in a 9% 
dioxane-91% aqueous buffer system at pH 6.0 and 7.0, respectively. 
Th& intercept values were: IV ,  8.,?4 X 
scf2-l. 


sec; II,2.62 X 


sec-I; and V ,  9.20 X 


below pH 6). However, with the values of the initial dissolution rate a t  
the pH-independent region, (V/S)(dc/dt)t=o = 1.78 X mole/cmz--sec, 
kapp helow pH 6 (8.15 X sec), DA, and X L .  the  saturation solubility 
can he estimated from Eqs. 11 and 13, assuming that AL is equal to zero, 
so that: 


Ao = X L  (7) tanh Y NA 
(Eq. 17a) 


10 1 


0.01- 
2 4  6 8 10 


PH 


Figure 4-Log k,,,-pH profiles for the  hydrolysis of 7,7'-succinyldi- 
theophylline at 25'. All pH values were measured in the  pure aqueous 
system before the  reaction started. Curves I and I I show the reactions 
in 45.5 and 9 %  dioxane systems, respectively. 


WAVELENGTH, nm 


Figure  2-L'V spectral changes for the hydrolysis of 7,7'-succinyldi- 
theophylline ( I  x M) in an85.75 dioxane and 14.3% water system 
at 25'. 
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Table 111-Dissolution Rates, ( V/S)(dL/dt)t-o, as a Function of t he  Buffer Concentration at Various pH Values 


Buffer DH" V / S ( d L / d t  ) t -n. mole/cmZ-sec 


[HCOOH] 
0.05 
CH3COOH 
1.12 x 10-2 
2.24 X 
3.36 X 
6.40 X 


IKHzPO,A 
3.0 X 10- 
4.0 X 
5.0 x 
6.0 X 


[Glycine] 
2.0 x 10-2 
3.0 x lo+ 
3.0 x 
4.0 X 
5.0 X 
6.0 x 


IK2C031 
1.2 x 10-2 
2.4 X 
3.6 x 
4.8 X 
6.0 X 


0.1 NHCI 
lNaOHl 


0.01 


4.80 X 


14.40 X 
19.20 X 


[CH&OONa] 


9.60 x 10-3 


[NaOH] 
1.78 X lo-' 
2.37 X 
2.96 X 
3.55 x 10-2 


3.52 X 
[NaOH] 


5.29 x 10-3 
5.29 x 10-3 
7.04 x 10-3 
8.80 x 10-3 


10.55 X 


WHC031 
0.8 X 
1.6 X 
2.4 X 
3.2 X 
4.0 X 


[Buffer ]total 
0.06 


[Buffer] total 
1.60 X 
3.20 X 
4.80 X lo-' 
6.40 X 


[Buffer] total 
4.78 X 
6.37 X 
7.95 x 10-2 
9.55 x 10-2 


[Buffer] total 
2.35 X 
3.53 x 10-2 
3.53 x 10-2 
4.70 X 
5.88 X 
7.06 X 


[Buffer] total 
2.0 x 10-2 
4.0 X lod2 
6.0 X 
8.0 X 


10.0 x 10-2 


1 X N NaOH 
5 X N NaOH 
1 X N NaOH 
3 X N NaOH 
5 X N NaOH 
0.1 N NaOH 
0.2 N NaOH 
0.3 N NaOH 


1 X N NaOH 
5 X N NaOH 
i x i0-2 N N ~ O H  
3 X N NaOH 
5 X N NaOH 
0.1 N NaOH 
0.2 N NaOH 
0.3 N NaOH 


1.0 


3.1 


5.0 f 0.05 
5.0 f 0.05 
5.0 f 0.05 
5.0 f 0.05 
5.0 f 0.05 


7.0 rlr 0.07 
7.0 I0.07 
7.0 f 0.07 
7.0 f 0.07 
7.0 f 0.07 


9.0 f 0.05 
9.0 f 0.05 
9.0 f 0.05 
9.0 f 0.05 
9.0 f 0.05 
9.0 f 0.05 
9.0 f 0.05 


10.14 f 0.01 
10.14 i 0.01 
10.14 f 0.01 
10.14 f 0.01 
10.14 f 0.01 
10.14 f 0.01 
11.0 
11.7 
12.0 
12.5 
12.7 
13.0 
13.3 
13.5 


1.78 x 10-9 


1.90 x 10-9 


1.98 x 1 n-9 - . - - . - - 
1.82 x 10-9 
1.75 x 10-9 
1.95 x 10-9 
1.88 x 10-9 * 
2.09 x 10-9 
2.21 x 10-9 
2.26 x 10-9 
2.27 x 10-9 
1.78 x 10-9 c 


3.05 x 10-9 
3.50 x 10-9 
3.50 x 10-9 
3.93 x 10-9 
4.39 x 10-9 
4.83 x 10-9 
2.18 x 10-9 c 


5.03 x 10-9 
7.79 x 10-9 
9.51 x 10-9 


2.77 x 10-9 c 
3.42 x 10-9 
5.69 x 10-9 
9.21 x 10-9 
2.55 x 
4.24 x 
7.08 x 
1.45 x 10-7 
2.30 x 10-7 


12.24 X 
14.50 X 


0 The pH values in hydrochloric acid and sodium hydroxide were calculated under the assumption that activity coefficient of hydrochloric acid and sodium hydroxide 
was unity. * Average value a t  constant pH. Values obtained by extrapolation to zero buffer concentration, 


where: 


and: 


where: 


(Eq. 176) 


(Eq. 17c) 


(Eq. 17d) 


The value of A0 a t  25O was found to be 1.61 X mole/cm3 from Eq. 
170 and 1.67 X 


Another way of estimating solubility is from the intercept value, 
( D A / X L ) A O  - (DB/nXL)Bo = 1.242 X mole/cm2, of the plots of DA 
(dA/dX) ,=o  uersus [OH-] (Fig. 6). With the assumption that Ro was 
equal to zero, A0 was estimated to be 1.21 X mole/cm3 from Eq. 17c, 
and best fit the experimental values according to: 


mole/cm3 from Eq. 17c. 


Estimations of Diffusion Time and Reaction Time-The diffusion 
time, tD, for steady state was derived previously (8,9): 


The physical meaning of the diffusion time is the average lifetime for 
element A to travel through distance X L ,  and it depends on the hydro- 
dynamic conditions. According to Eq. 19, the estimated value of the 
diffusion time of 111 was 2 sec. 


A useful concept in the analysis of a chemical reaction is the reaction 
time, t,, defined (18) as A h ,  where r is the chemical reaction rate and A 
is the actual initial concentration of the reactant. For a simple first-order 


reaction with a kinetic constant kapp: 
1 


(Eq. 20) tr = - 


Thus, a t  the end of the reaction time, 63% of 111 will have undergone re- 
action with first-order kinetics. The reaction times under various pH 
conditions are shown in Table 11. These times are useful in analyzing 
dissolution kinetics. 


Comparison of Estimated and Measured Dissolution R a t e g T h e  
dissolution rates a t  various pH values were obtained by extrapolating 
to zero buffer concentration (Table I11 and Fig. 7). A t  pH values below 


kaPP 


c p/ 
6 v 
I,,,,, 6 6  
0 1 2 3 4  


[OH-] X 10' 


Figure 5-plot of apparent first-order rate constants (knPP) for the 
hydrolysis of 7,7'-succinylditheophylline in 45.5% dioxane-54.57; 
aqueous buffer system at pH 6.89-7.74 with a constant phosphate buffer 
concentration (0.1 M) and an ionic strength of 0.2 at 25'. The value of 
the slope (khy") was 1.45 X 1 0 - 5  liter/mole-see. 
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Figure 6-Plots of the initial dissolution rate, (V/S)(dC/dt),-o, against 
the hydroxide-ion concentration. The slope of the plot (DB/nXL) was 
7.4 x 10-4 cmlsec. 


7, the reaction times were about sixfold greater than the diffusion time 
of 2 sec under these experimental conditions. The observed dissolution 
rate depends on the diffusion time rather than reaction time. The rate- 
determining factor is the diffusion rate of 111 from the solid-liquid in- 
terface into the bulk of the solution. The theoretical dissolution rates in 
these cases were estimated'from the simplified equations and all led to 
Eq. 21 when AL and BO were assumed to be zero under the sink condi- 
tions, respectively: 


DA Y 
X L  tanh Y 


NA = - A 0  (-) (Eq. 21) 


Also, in Eq. 18, the second term, ( D B / ~ X L ) B L ,  can be neglected in 
comparison with the first term, MI = (DA/XL)AO,  so that the overall 
dissolution rate is independent of pH and governed by MI. The results 
obtained experimentally agreed fairly well with analytical solutions to 
Eqs. 18 and 21 (Table IV and Fig. 8). 


At  pH 9-11, the reaction times, t,, were small compared to the diffusion 
time, to, of 2 sec. Thus, the chemical reactions were fast enough to proceed 
in the diffusion layer so that the dissolution rate was affected by 
[OH-]. 


The estimated values from Eq. 18 and the observed values at pH 9,10, 
11, and 14 were reached within experimental error (Table IV and Fig. 
8). 
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Figure 7-Plots of the initial dissolution rate, /V/S)(dC/dt),,o, against 
buffer concentrations. The buffer systems were monobasic potassium 
phosphate-sodium hydroxide (pH 7.0), glycine-sodium hydroxide @H 
9.0). and potassium carbonate-potassium bicarbonate @H 10.14). The 
intercepts were 1.78 X 2.18 X and 2.77 X respectiue- 
lY. 


Table IV-Comparison of Theoretical  and  Experimental  
Dissolution Rates  at Each p H  


M2 = ( D B / ~ X L ) B L ' ,  R = MI t Mzb,  V/S(dC/dt ) t=oc ,  
PH mole/cm2-sec mole/cm2-sec mole/cm2-sec 


1.0 - 1.78 x 10-9 1.78 x 10-9 
3.0 - 1.78 x 10-9 1.78 x 10-9 
5.0 1.49 X 1.78 x 10-9 1.69 x 10-9 
7.0 1.49 x 10-13 1.78 x 10-9 1.78 x 10-9 
9.0 7.45 x 10-12 1.79 x 10-9 2.18 x 10-9 


10.14 1.03 X 1.88 x 10-9 2.77 x 10-9 
11.0 7.47 x 10-10 2.53 x 10-9 3.42 x 10-9 
11.7 3.73 x 10-9 5.51 x 10-9 5.69 x 10-9 
12.0 7.46 x 10-9 9.24 x 10-9 9.21 x 10-9 


1.40 x 10-7 13.3 1.49 x 10-7 1.51 x 10-7 


12.48 2.24 X 2.42 X 2.55 x 
12.70 3.73 x 10-8 3.91 X 4.24 x 10+ 
13.0 7.46 X 7.64 X 7.08 x 


13.48 2.24 X 2.26 X 10-7 2.30 X 


a Below pH 7, n = 2; above pH 9, n = 4 ;  DR = 1.155 x cm2/sec; X L  = 3.87 
cm. *Theoretically estimated values according to Eq. 19, where M I  = X 


(DA)/ (XL)AO = 1.78 X Experimentally measured values. 


From these data, it is apparent that the dissolution rate is controlled 
by the diffusion rate of A as well as that of B [OH-], resulting in curvature 
of the logarithmic dissolution rate-pH rate profile (Fig. 8). 


At pH >11.7, the reactions were sufficiently fast to take place in a 
diffusion layer, because the reaction times were extremely small 
(10-3-10-5-fold) compared with the diffusion time of 2 sec (Table 11). 
The observed values of the dissolution rates agreed with the estimated 
values from Eq. 18. Thus, the rate-controlling phenomenon is the diffu- 
sion rate of hydroxide ion from the bulk solution to the solid-liquid in- 
terface, and the dissolution rate is greatly increased with a rise in the 
hydroxide-ion concentration; i;e.,  the dissolution rate is linearly depen- 
dent on the pH in this region (Fig. 8). 


Log Dissolution Rate-pH Profile-The log dissolution rate-pH 
profile (Fig. 8) exhibits a break point a t  pH 11 between the pH-inde- 
pendent and pH-dependent regions, whereas the log k,,,-pH profile (Fig. 
4) has a break point a t  pH 7. The ascending slope for the hydrolytic re- 
action is theoretically unity; however, that  observed for the dissolution 
rate is 0.94 (theoretically estimated value, 0.94). These two differences 
in the dissolution plot can be rationalized adequately on the hasis of a 
model system. 


From the mathematical model, a general solution of Eq. 8 for the dis- 
solution rate was obtained. The dissolution rate increased with a rise in 
the value of the second term of the equation, ( D ~ / ~ X L ) ( R L  - Bo), i.e., 
with the value of EL. The dissolution rate a t  the ascending part of the 
profile (above pH 12) was slightly influenced by the first term of the 
equation, (DA/XL) (AO - A L ) ,  where AL was assumed to be zero under 


0 1  I 


" t r; 10-8 


%IS B 
1 0 - 9  


2 4 6 8 1 0 1 2  
PH 


Figure 8-Plots of the logarithmic dissolution rate against pH at 25", 
where the values at pH 7 ,9 ,  and 10.14 were obtained by extrapolation 
to zero buffer concentration and the pH values in sodium hydroxide were 
calculated under the assumption that the activity coefficient of sodium 
hydroxide was unity. 
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the sink condition (compared with M I  and M P  in Table IV). The deviation 
from the slope of unity existed as long as some degree of the first term, 
(DA/XL)A& affected the dissolution rate. The break point difference can 
be explained by the differences between koH- [OH-] - ko and (DB/  
n X d B L  - (DA/XL)AO.  


SUMMARY AND CONCLUSION 


The prodrug, 7,7’-succinylditheophylline, was hydrolyzed with a 
half-life of about 10 sec in the physiological pH range. These hydrolysis 
studies suggested that the prodrug would hydrolyze very rapidly and 
release the parent molecule, theophylline, once i t  was dissolved. 


The dissolution rate of 7,7’-succinylditheophylline was 35 times slower 
than that of theophylline under the same conditions, and its dissolution 
rate was independent of pH within the physiological pH range. Disso- 
lution rate studies coupled with hydrolysis rate studies suggested that 
the dissolution process would be the rate-determining step to keep the 
steady-state release into solution (Scheme 111). 


prodrug dissolution+ prodrug hydrolysis+ parent drug 
in solid proass in solution rapid brocess in solution 


Scheme I I I  
The saturation solubility of 7,7’-succinylditheophylline a t  25’ in water 


was estimated to be 1.63 X M from the rate dissolution data. Under 
the same conditions, theophylline solubility was 4 X M. From these 
results, it appears that  7,7’-succinylditheophylIine might be a valuable 
candidate as a prolonged-release theophylline prodrug. 
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Abstract 0 Amino acids methionine and histidine, which are soluble 
in propylene glycol, were investigated for their purported beneficial ef- 
fects on aspirin-induced gastric mucosal damage in the rat. The 
pathognomonic changes observed microscopically in the fundic region 
of the stomach of animals administered daily doses (100 mg/kg), for up 
to 15 days, of aspirin solutions (0.36 M) in propylene glycol incorporated 
with the amino acids were compared with those of animals given equiv- 
alent quantities of aspirin in an aqueous suspension combined with an 
aluminum hydroxide antacid. A “delayed” onset of aspirin-induced 
cellular damage due to the presence of amino acids, analogous to that 
associated with the use of antacids, was found as determined partly by 


differences in the staining ability of injured cells with hematoxylin and 
eosin. 


Keyphrases 0 Methionine-effect on aspirin-induced gastric mucosal 
damage in rats 0 Histidine-effect on aspirin-induced gastric mucosal 
damage in rats 0 Aspirin-induction of gastric mucosal damage in rats, 
effect of methionine and histidine Amino acids-methionine and 
histidine, effect of aspirin-induced gastric mucosal damage in rats 
Gastric mucosal damage-induced by aspirin in rats, effect of methionine 
and histidine 


GI bleeding in normal subjects, but especially in patients 
afflicted with chronic GI lesions, can accompany aspirin 
ingestion (1, 2). Several mechanisms reported for the 


pathogenesis of these lesions involve aspirin administra- 
tion by the intra- or extragastric route (3-5). Among the 
more significant factors in aspirin-induced gastric hem- 
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chromatographically identical to methadone (80.5%). morphine (95.5?6), 
and naloxone ( 100%). ‘I’otal extracted plasma radioactivity represented 
methadone (7G.(rb), morphine (75.5‘M~), or naloxone (91.8‘h). Parent drug 
extraction selectivity in each case was acceptable. 


Timesaving is the greatest advantage o f  this method. Extraction of 20 
t.issue samples required 10-15 min; 1.5- 2 hr was required with standard 
liquid--liquid extraction. Since brain and plasma drug concentrations are  
routinely required in pharmacological studies, the utility of  the  present 
method is obvious. Theoretically, t he present procedure could be sub-  
stituted for any  organic, hase or acid solvent extraction from biological 
fluids and tissues. 
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Abst rac t  0 The inlluence of gelatin. sodium lauryl sulfate, lactose, and 
sodium alginate on morphine sulfate dil‘lusioti from cylindrical silicone 
polymer pellets was examined in isotonic pH 7.4 phosphate buffer. These 
water-solul)le carriers caused the pellets to swell in aqueous media. So- 
dium alginate exerted the greatest influence on drug release. T h e  mor- 
phine sulfate diffusion rate from the  cylindrical pellets increased as  the 
matrix alginate content increased up to  20%. Water-soluble carrier in- 
corporation into silicone polymeric matrixes permits controlled release 
of  water-soluble drugs that  otherwisc would he released extremely slowly 
from the polymer. Drug diffusion from the silicone matrix containing 
sodium alginate followed second-order kinetics. The  release mechanism 
probably involves the creation of pores or pathways through the  matrix 
secondary to  the swelling. 


Keyphrases  0 Morphine sulfate .-release from silicone polymer, effect 
of water-soluble carriers 0 Drug delivery systems morphine sulfate, 
release from silicone polymer, effect of water-soluhle carriers Silicone 
polymers-release of morphine sulfate, effect of water-soluhle carriers 
0 Dosage forms. controlled release--morphine sulfate, release from sil- 
icone polymer, effect of  water-soluble carriers 


The  drug release rate from an inert matrix is dependent 
on solute solubility in the matrix and diffusivity as well as 
on parameters independent of the particular drug (1). 
Previous silicone polymer work has been concerned largely 
with developing long acting steroidal delivery systems and 
investigating factors controlling drug release from silicone 
devices (2-9). 


The divergent in uitro silicone polymer release patterns 
of four progesterone-type steroids with similar diffusion 
coefficients were attributed to differences in the polymer 
steroid solubilities (5). The release of salts and water-sol- 
uble drugs from silicone polymers has received little at-  
tention. Since polymer drug solubility is an important drug 
release determinant, water-soluble drug diffusion from a 
silicone polymer would be expected to be extremely 
slow. 


The  present study examined the influence of water- 
soluble carriers on the in uitro morphine sulfate release 


from a polysiloxane polymer. Recent studies (10, 11) 
demonstrated that  polysiloxane rubber implants con- 
taining morphine sulfate and a water-soluble carrier are 
excellent drug delivery systems for inducing morphine 
dependence in rats. 


E X P E R I M E N T A L  


T h e  following items were used: simethicone liquid’, polydimethylsi- 
loxane polymer and silica fillerz, stannous octoate“, morphine sulfate, 
polysorbate 804, sodium alginate5, sodium chloride, 0.1 N HCI, lactose, 
sodium lauryl sulfate, monobasic sodium phosphate, dihasic sodium 
phosphate, and  microcrystalline cellulosefi. 


Pellets were prepared by the addition of simethicone fluid to  polydi- 
methylsiloxane elastomer ( l : l ) ,  followed by homogeneous mixing with 
the powders to be added.  T h e  pellets contained 2596 (w/w) morphine 
sulfate. T h e  drug and water-soluble carrier (lactose, sodium lauryl sulfate, 
gelatin, or sodium alginate) were passed through a 100-mesh screen prior 
to  mixing with the silicone polymer. To polymerize the mixture, stannous 
octoate catalyst, 25 mg/g of mixture, was added and dispersed uniformly. 
Next, the mixture was added rapidly to a plastic tablet mold, and the  
pellets were allowed to  cure for 24 hr. 


T h e  cylindrical pellets were 5.5 mm in diameter and 3.5 mm in thick- 
ness. T h e  mean weights varied from 78 to 88 mg, depending on  t h e  
amount  of powder embedded in the  pellet. Surface area measurements 
were made with a micrometer. Homogeneity studies were carried o u t  by 
cutting individual pellets into small pieces and extracting them in 100 
ml o f  purified water for 48 hr. Recoveries of 99 f 2% were obtained (n  = 
6). 


Drug release from the  pellets was studied in screw-capped vials, 1.5 
cm diameter X 10.5 cm length, containing 15 ml of phosphate buffer (0.13 
N, p H  7.4). These vials were maintained a t  37” and rotated end-over-end 
a t  15 rpm. Aliquots of 5 ml were withdrawn from the  vials a t  various times 
and  assayed by UV spectrophotometry for morphine. To maintain sink 
conditions, 5-ml volumes of fresh medium were added to  each vial after 


~~ 


I Medical fluid 360,200 cps, Dow Corning Corp., Midland, Mich. * Silastic 3W2 medical grade elastomer, Dow Corning Corp.. Midland. Mich. 
Catatyst M. Dow Corning Corp.. Midland. Mich. 
Tween 80. City Chemical Corp.. New York. N.Y. 
Kelco Cell LV Kelco Co.. Clark. N.J. 
Avicel. FMC dorp., Marcus Hook, Pa. 
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Figure I-Influence of various carriers (lo",. each) on 25:; morphine 
sulfate release from silicone pellets. Kvy: *, drug alone; 8 ,  gelatin; 0 ,  
sodium lauryl sulfate; 0, lactose; and 0 ,  sodium alginate. 


sample withdrawal. The reported data represent the means of three or 
more runs. 


RESULTS AND DISCUSSlON 


The influence of water-soluble carriers on morphine sulfate release 
from silicone pellets is shown in Fig. 1. As expected, the release of the 
water-soluble salt from the polymer in the absence of any carrier was very 
slow; after 1 week, only 9% of the drug was removed from the pellet. This 
result confirmed the expectation that water-soluble drugs are released 
slowly from lipophilic silicone matrixes. 


The presence of 10% gelatin, sodium lauryl sulfate, or lactose in the 
silicone matrix all produced similar effects on drug release: approximately 
20% of the morphine had diffused from the pellet after 1 week. This value 
increased to 50% when sodium alginate was incorporated into the matrix. 


100.. 


120 160 200 240 
HOURS 


Figure 3--Plots of Surface area as a function of time for the pellet 
formulations in Pig. 2. 


With all systems, an initial burst of drug from the pellet lasted for 10-15 
hr. 


As the sodium alginate content in the matrix was increased, so did the 
morphine diffusion rate from the polymer (Fig. 2). This influence ap- 
peared to he maximal a t  20?6 alginate. One prominent action of each 
carrier was to swell the pellet. The influence of alginate content on silicone 
matrix swelling is shown in Fig. 3. Morphine sulfate dissolution from the 
matrix is probably facilitated by this swelling, which creates microscopic 
pores or channels from carrier hydration. In the absence of the swelling 
agent, pellets containing morphine sulfate alone increased in surface Nea 
a t  a uniform rate over the 10-day period studied. This increase was the 
smallest of the pellets studied, however. 


Swelling rates increased during the first 30 hr as the level of sodium 
alginate in the pellet increased. Pellets containing 20 and 25% alginate 
achieved maximal surface area a t  approximately 40 and 30 hr. respec- 
tively. The matrix then began to shrink as both the drug and carrier were 
removed from i t  (Fig. 3). This phenomenon can be monitored by taking 
transverse sections of the pellet and measuring the core and the trans- 
lucent depletion zone. 


Morphine diffusion from the silicone matrix (Fig. 4) appeared to follow 
second-order kinetics with respect to morphine sulfate concentration. 
The second-order profile correlation coefficients (Fig. 4) for morphine 
sulfate release from silicone matrixes containing 10, 15, and 20% sodium 


o.oob 40 80 1;o 1 i O  260 2 i O  
HOURS 


HOURS 
Figure 4-Second-order profiles /or silicone matrixes containing 25% 
morphine sulfate and three sodium alginate concentrations. Key: 8 ,  
10% sodium alginate; 0, 15% sodium alginate; and 0 ,  20% sodium 
alginate. 


Figure 2-Influence of sodium alginate concentration formulated 
within the silicone matrix on 25% morphine sulfate release. Key: 0 ,  0%; 
0,5%; B, 10%; 0 ,  15%; 0 ,  2 0 R ; a n d  0, 25%. 
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alginate were 0.9982, 0.9987, and 0.9983, respectively. T h e  processes 
giving rise to the second-order elimination from the matrix are not ap-  
parent immediately since a shrinking core phenomenon with decreasing 
core surface area is occurring. 


This  technique o f  controlling the diffusion rate Irom silicone polymers 
was recently applied by the authors to salts of amphetamine and the 
I)arhilurates, and preliminary in t i f ro  and in uivo results are encouraging. 
This  simple method of' drug delivery may find use also in chronic toxicity 
studies in small animals. 
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Abstract 0 The ethanol extracts of Wikslroemia foetida var. oahuensis 
and Wrkslroemia wa-ursi  showed antitumor activity against the P-388 
Iymphocytic leukemia (3PS) test system. One 1's-active constituent o f  
both plants was the lignan wikstromol. Several inactive compounds were 
identified as  daphnoretin, pinoresinol, and syringaresinol. 


Kcyphrases  0 Wikstromol-isolation from plant material, antineo- 
plastic activity Antineoplastic agents-wikstromol, isolated from plant 
material 


In the continuing search for plants having antitumor 
constituents, it was found that  the chloroform fractions 
of Wikstroemia foet ida var. oahuensis Gray and 
Wihstroemia uua-ursi Gray' (Thymelaeaceae) ethanol 
extracts were active against the P-388 lymphocytic leu- 
kemia (3PS) test system'. 


DISCUSSION 


T h e  lignan wikstromol ( I )  was isolated from hoth Wikstroernia species. 
This  compound was isolated recently from Wikstroemin uir idif lora (1) 
and Daphne. odora ('I'hymelaeaceae) ( 2 ) .  Wikstromol is the  enantiomer 
of nortrachelogenin (11, also called pinopalustrin), isolated from Tra- 
chc~losprrmum asiaticum var. intermedium (Apocynaceae) (3) and Pinus 
paitrsfris (Pinareael (4). 


Comparison of the sample spectra (111, PMR, and mass) with literature 
values (1 ,3)  for wikstromol and nortrachelogenin and comparison of the 
sample's physical constants with those of these two lignans (Table I) 


I M' foelido var. oahurnsis and W .  uua-urst were collected in Hawaii in Sep- 
temher I975 and March 1973, respectively. Identification was confirmed by Dr. 
liohert E. Perdue, J r . ,  Medicinal Plant Resources Laboratory, U.S. Department 
o f  Agriculture. Bethesda, Md. Reference specimens are maintained by the De- 
pa;tmenl of Agriculture. 


~ Of the Drug Evaluation Branch, Drug Research and Development, Division 
of Cancer Treatment. National Cancer Institute, Nstiona) Institutes of Health, 
Hethesda. Md. 


suggested that  it was wikstromol. Confirmation was by direct comparison 
o f  authentic spectra3 (1K and P M R )  and of the  sample:3 of the  nortra- 
chelogenin dimethyl ether with the study sample dimethyl ether. T h e  
spectra were identical, and T I L  behaviors were indistinguishahle. Un- 
I'ortunately, t h e  study sample could not he made to  crystallize, and an 
authent ic  sample of wikstromol, or its dimethyl ether, was unobtain- 
ahle. 


In addition to the  PS-active wikstromol, three inactive compounds 
were isolated from hoth W. foetida var. oahuensis and W. uua-ursi. These 
compounds were daphnoretin (I l l ) ,  pinoresinol ( IV) ,  and syringaresinol 
(V) .  In each case, identity was confirmed by cornparison wit.h authentic 
specimens4. 


Wikstromol (I)  demonstrated activitiesof 154, 146,137,141, and 13W 
test/control ( T K )  a t  does of 16 ,10 ,4 ,2 ,  and 1 mg/kg, respectively. Ac- 
tivity in the  PS test system is defined a s  an increase in the  survival of 
treated animals over that of control animals resulting in a T / C  2 
1 : 3 0 @ .  


EXPERIMENTAL6 


Wikstromol was isolated similarly from W. foetida var. oahuensis and 
W uua-ursr. T h e  procedure for isolation from the  former follows. 


Whole W. foetida var. oahuensis plants were ground in a Wiley mill 
and  stored a t  -10" prior to  extraction. T h e  ground material (9 kg) was 
exhaustively extracted in a Lloyd-type extractor with petroleum ether 


The authors are indebted to Prof. Dr. Sansei Nishihe, Department of Phar- 
macognosy, Higashi Nippon Gakuen University, Ishikari-Tobetsu, Hokkaido. 
J a  an, for s ectra and sample of nortrachelogenin dimethyl ether. 


aThe autRors thank Prof. Dr. G. Legler, Institute fur Biochemie der Universitat 
Koln, Germany, for sample of daphnoretin. They are grateful also to Dr. Cornelius 
Steelink, Department of Chemistry. University of Arizona, Tucson, A r k ,  for 
specimens of pinoresinol and syringaresinol. 


f, John D. Douros, Natural Products Branch, National Cancer Institute, Bethesda, 
Md., ersonal communication, Sept. 1977. 


JePelting points were determined on a Kofler hot-stage apparatus and are un- 
corrected. IR and mass spectra were recorded on a Beckman 1R-33 and Hewlett- 
Packard quadrupole spectrometer (model 4930). respectively. PMR spectra were 
recorded on Varian T-60 and EM-3601, spertrometers, and optical rotations were 
taken on a Perkin-Elmer model 241 MC polarimeter. 
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Abstract  0 A fluorometric procedure for clobazam, a 1.5-benzodiaze- 
pine, based on a fluorophore formed upon irradiation of the drug using 
short wavelength UV light (254 nm) for 35 min is presented. Fluorescence 
is linear over a 100-6400-ng/ml range using excitation and emission 
wavelengths of 350 and 400 nm, respectively. Application of the method 
to the determination of clobazam in spiked human plasma samples re- 
vealed that the drug can be determined a t  nanogram per milliliter levels 
with an accuracy of 1-5%. The procedure is specific for clobazam in 
samples containing its major plasma metabolite, N-desmethylclobazam, 
and also in samples containing 1,4-benzodiazepines and other selected 
drugs. A plasma level-time profile after oral administration of a single 
40-mg dose of clobazam to a healthy adult male is also illustrated. 


Keyphrases Clobazam-fluorometric determination in human plasma 
0 Benzodiazepines-fluorometric determination of clobazam in human 
plasma o Tranquilizers-clobazam, fluorometric determination in 
human plasma 0 Fluorometry-analysis, clobazam in human plasma 


Clobazam (I) f7-chloro-1 -methyl-5-phenyl- 1H- 1,5- 
benzodiazepine-2,4(3H,5H)-dione] is a new antianxiety 
agent currently under clinical investigation. It has dem- 
onstrated relatively low sedation potential (1,2) and rel- 
atively limited effects on normal levels of human perfor- 
mancel (3, 4). An effective therapeutic dose of 20-40 
mg/day has been suggested (4). 


J. A. Kotzan, T. E. Needham, I. L. Honigber , J. J Vallner, J. T. Stewart, W. 
J. Brown, and H. W. Jun, presented at the A P h  Academy of Pharmaceutical 
Sciences, Montreal meeting, May 1978. 


Table  I-Typical Calibration Data for  Clobazam in Human 
Plasma 


Concentration, Fluorescence 
Initial 


nelml Intensitv" Sloae InterceDt r f sY." * 
150 4.05 f 0.07 0.0258 0.2525 0.9998 f 0.0906 
300 8.00 f 0.01 
600 15.75 f 0.21 


0 Based on duplicate samples. * s is the standard error of estimate ofy (fluores- 
cence intensity) on .x (concentration). 


This paper presents a fluorometric procedure for the 
analysis of clobazam in human plasma. The method allows 
the determination of drug in the presence of N-desmeth- 
ylclobazam (II), its major plasma metabolite, which has 
also been reported to possess psychosedative and anti- 
convulsant activities with low toxicity (5). The utilization 
of fluorescence offers nanogram per milliliter sensitivity 
along with suitable reproducibility and accuracy. 


EXPERIMENTAL 
Apparatus and  Reagents-Fluorescence measurements were ob- 


tained using a spectrophotofluorometer2 equipped with a corrected 
spectra accessory and operated in the true emission mode. Excitation and 
emission slits were set a t  7 and 4 nm, respectively, and sample sensitivity 
for all measurements was set a t  1. 


Clobazam powder? was used for the preparation of a stock solution (1 
pg/ml) in plasma. This solution was prepared by the addition of 0.25 ml 
of an ethanolic clobazam solution (200 pg/ml) to a 50-ml volumetric flask, 
followed by the addition of the blank human plasma4 to volume. N -  
Desmethylclobazam, mp 305-307O, was synthesized according to the 
procedure of Rossi et a/. (6). All other chemicals were the highest purity 
available from commercial sources and were utilized as received. 


Determination of Calibration Curve-Quantities of 0.15,0.30, and 
0.60 ml of the clobazam stock solution in plasma were each placed in 
15-ml ground-glass stoppered centrifuge tubes, followed by the addition 
of blank human plasma to make 1 mi. The solution was mixed5 for 1 min. 


* Model MPF-4, Perkin-Elmer, Norwalk, Conn. 
Hoechst-Roussel Pharmaceuticals, Somerville, NJ 08876. 
Obtained from a local hospital blood bank. 
Vortex-Genie mixer, Scientific Industries, Bohemia, N.Y. 


494 I Journal of phslrrnaceutlcal Sclences 
Vol. 68, No. 4, April 1979 


002235491 791 0400-0494$0 1.001 0 
@ 1979. American Phrmceutical Association 







400 
WAVELENGTH, nm 


0 
350 


Figure I-True emission spectra of clobazam in  ethanol before (- -B)  
andaf ter  ( - A )  irradiation (254 n m )  for 35 min. Excitation wauelength 
was 350 nm. 


Hexane (5 ml) was then added, and the two phases were mixed5 for an 
additional 30 sec. After centrifugation for 1 min a t  4000 rpm, 4 ml of the 
hexane phase was transferred to a clean 15-ml centrifuge tube and 
evaporated to dryness in a water bath (80 f 1’) using a nitrogen 
stream. 


The residue was then redissolved in 1 ml of ethanol, and a portion of 
the solution was transferred to a 0.5-1111 quartz microcel16 (pathlength 
of 5 mm). A fluorometric measurement was obtained using excitation and 
emission wavelengths of 350 and 400 nm, respectively. The solution was 
then evenly irradiated a t  close proximity to the microcell with two short 
wavelength UV lamps7 for 35 min, followed by fluorescence measurement 
a t  the same excitation and emission wavelengths (Ed. 


The final fluorescence value (E) was calculated from E = El - El. The 
three concentrations of clobazam used in the calibration curves were then 
subjected to linear regression analysis; the slope, intercept, and regression 
coefficient were calculated as shown in Table I. 
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Figure %--Plot of fluorescent intensity of clobazam at various con- 
centrations in ethanol after irradiation (254 nm) of the  ethanolic so- 
lutions for different t ime periods. 


6 Part 018-0056. Hitachi Ltd., Tokyo, Japan. 
7 Model UVS-11. Ultraviolet Products, San Gabriel, Calif. 


Determination of Clobazam in Human Plasma-A 1.0-ml sample 
of human plasma containing clobazam was placed in a 15-1111 ground-glass 
stoppered centrifuge tube and treated in the same manner as described 
under Determination of Calibration Curue, starting with: “Hexane (5 
ml) was added. . . .” A calibration curve was run concurrently. Slope and 
intercept data obtained from the regression analysis of the blank and 
standard plasma samples were utilized to solve for drug concentration 
in the plasma samples: [fluorescence intensity = (slope X concentration) 
t intercept]*. 


RESULTS AND DISCUSSION 


Interest in the development of a procedure to measure therapeutic 
plasma cIobazam levels for a bioavailability study led to the use of fluo- 
rescence. The fluorometric procedure for clobazam reported here is based 
on a fluorophore, formed when an ethanolic solution of the drug is irra- 
diated with short wavelength UV light (254 nm) (7). Examination of 
corrected emission spectra before and after irradiation (Fig. 1) revealed 
that the irradiated solution was more fluorescent than the nonirradiated 
solution a t  emission wavelengths greater than 370 nm, with maximum 
intensity occurring around 400 nm. Use of this wavelength in the true 
emission mode of the spectrophotofluorometer required an excitation 
wavelength of 350 nm. 


A study of fluorescence intensity uersus irradiation time for varying 
concentrations of clobazam (Fig. 2) revealed that a 35-min irradiation 
time was satisfactory for the assay procedure, especially for the antici- 
pated plasma drug levels (100-1000 ng/ml) after a single 20-40-mg dose 
(4,8). Drug concentrations in the range of 1000-6400 ng/ml (Fig. 2) would 
require slightly longer irradiation times to reach the plateau region of 
the irradiation curve. However, with the 35-min irradiation time, fluo- 
rescence was linear over the 100-6400-ng/ml concentration range of 
clobazam with r = 0.9995. The minimum detection limit for the drug is 
50 ng/ml (signal/noise = 2) using the calibration curve from a series of 
spiked plasma samples. 


Studies to determine the nature of the fluorophore formed upon drug 
irradiation are underway. The desmethyl metabolite forms a fluorophore 
with a similar emission spectrum under the conditions used for clobazam. 
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Figure 3-Plasma level-time profile of clobazam after oral adminis- 
tration of a 40-mg dose to a healthy adult male. 


8 Olivetti-Underwood programme 101. 
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Table 11-Analysis of Spiked Plasma Samples for Clobazam 
~~ ~ 


Concen- 
tration Concentration 
Added, Found“, Accuracy, 


Mixture ngiml ndml % 


1 Clobazam 
2 Clobazam 
3 Clobazam 
4 Clobazam 
5 Clobazam 


N-Desmethylclobazam 
6 Clobazam 


N- Desmethylclobazam 
7 Clobazam 


Diazepamh 
8 Clobazam 


Chlordiazepoxide 
hydrochloridec 


9 Clohazam 
Oxazepamd 


10 Clobazam 
Clidinium bromide‘ 


11 Clobazam 
Asoirin 


200 
400 
600 


1200 
300 
300 
600 
600 
400 
400 
400 
400 


400 
400 
400 
400 
400 
400 


196.90 f 2.30 
409.75 f 15.00 
608.00 f 28.00 


1211.75 f 29.81 
285.45 f 6.43 


604.00 f 23.00 


389.30 f 2.20 


373.35 f 11.35 


368.85 f 6.85 


398.00 f 29.00 


376.00 f 20.00 


1.55 
2.44 
1.33 
0.98 
4.86 


0.67 


2.68 


6.66 


7.79 


0.50 


6.00 


a Based on duplicate samples. b Valium, Hoffmann-La Roche, Nutley, N.J. 
Serax, Wyeth Laboratories, Radnor, c Librium, Hoffmann-La Roche. Nutley, N.J. 


Pa. Quarzan. Hoffmann-La Roche. Nutley, N.J. 


The other known metabolites of clobazam, in which hydroxy and hydroxy 
and methoxy substituents are present on the drug molecule, have not 
been shown in these laboratories to form fluorophores and should not 
interfere with the analysis of clobazam. 


Initial extractions of clobazam from spiked plasma samples were 
performed using ether (9) (percent extraction = 85.58 f 7.5936). Analysis 
of a I-ml plasma sample spiked with 400 ng each of clobazam and N -  
desmethylclobazam with ether as the extraction solvent indicated that 
the clobazam concentration was 608.95 f 19.05 ng/ml ( n  = 2). Assay of 
a plasma sample containing only the metabolite (400 ngiml) gave 215.40 
f 0.40 ng/ml ( n  = 2), expressed as clobazam concentration. These data 
establish that the fluorophore formed from the desmethyl metabolite 
interferes with the clobazam analysis because of concurrent extraction 
of drug and metabolite from the plasma sample. Thus, partitioning 
studies were performed to find an organic solvent that would selectively 
extract clobazam from the desmethyl compound. 


Chloroform, benzene, hexane, cyclohexane, petroleum ether, heptane, 
carbon tetrachloride, methylene chloride, and ethyl acetate were inves- 
tigated. Hexane provided the best selectivity for the extraction of clo- 
bazam over that of the N-desmethyl metabolite a t  equimolar concen- 
trations. The percent extraction of clobazam from plasma with hexane 
was 51.27 f 2.00%. 


Application of the fluorometric assay to the determination of spiked 
plasma samples containing clobazam and to plasma samples containing 
mixtures of clobazam and N-desmethylclobazam, some 1,4-benzodi- 
azepines, or other drugs is presented in Table 11. Determination of clo- 
bazam in these samples was achieved with accuracy in the range of 


Figure 3 shows a plasma level-time profile after oral administration 
of a single 40-mg dose of clobazam to a healthy adult male. The data, 
obtained by using the described fluorometric procedure, indicate that 
the method should be applicable to studies where plasma levels of the 
intact drug are desired. 


0.50-7.8%. 
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Abstract 0 Eighteen trifluoroacetyl derivatives of amino acids and of 
amino acid analogs were prepared and tested for growth-inhibitory ac- 
tivity using a Lactobacillus casei system as a prescreen for antitumor 
activity. Of the compounds tested, the trifluoroacetyl derivatives of o-, 
m-, and p-fluorophenylalanine and of fl-3-thienylalanine showed modest 
activity; trifluoroacetyl derivatives of phenylalanine and of D-2-thien- 
ylalanine showed marginal activity. The activity exhibited by the active 
trifluoroacetyl compounds was equal to that noted for most active chlo- 
roacetyl derivatives reported previously, as judged by comparison of their 


activity with that of chloroacetyl-m-fluorophenylalanine. No reversal 
of inhibition was noted when a representative of these inhibitors was 
challenged with a corresponding natural metabolite, both as a free amino 
acid and as a noninhibitory acylated compound. 


Keyphrases Amino acids and analogs-N-trifluoroacetyl derivatives, 
effect on microbial antitumor screen Antitumor activity-18 trifluo- 
roacetyl derivatives of amino acids and amino acid analogs, growth in- 
hibitory activity using Lactobacillus casei system 


An alteration in the biological behavior of certain amino 
acids, both the naturally occurring and the “unnatural,” 
as measured by growth-inhibitory capacity in a microbial 
system, was noted upon acylation (1-3). The extent of such 
activity varied with the nature of the acyl group and the 


amino acid moiety (3). While N-acetyl and N-propionyl 
derivatives of these amino acids showed no appreciable 
growth-inhibitory activity, the N-chloroacetyl derivatives 
showed modest activity (3), particularly with those amino 
acids that are normally considered to be essential for 
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alginate were 0.9982, 0.9987, and 0.9983, respectively. T h e  processes 
giving rise to the second-order elimination from the matrix are not ap-  
parent immediately since a shrinking core phenomenon with decreasing 
core surface area is occurring. 


This  technique o f  controlling the diffusion rate Irom silicone polymers 
was recently applied by the authors to salts of amphetamine and the 
I)arhilurates, and preliminary in t i f ro  and in uivo results are encouraging. 
This  simple method of' drug delivery may find use also in chronic toxicity 
studies in small animals. 
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Abstract 0 The ethanol extracts of Wikslroemia foetida var. oahuensis 
and Wrkslroemia wa-ursi  showed antitumor activity against the P-388 
Iymphocytic leukemia (3PS) test system. One 1's-active constituent o f  
both plants was the lignan wikstromol. Several inactive compounds were 
identified as  daphnoretin, pinoresinol, and syringaresinol. 


Kcyphrases  0 Wikstromol-isolation from plant material, antineo- 
plastic activity Antineoplastic agents-wikstromol, isolated from plant 
material 


In the continuing search for plants having antitumor 
constituents, it was found that  the chloroform fractions 
of Wikstroemia foet ida var. oahuensis Gray and 
Wihstroemia uua-ursi Gray' (Thymelaeaceae) ethanol 
extracts were active against the P-388 lymphocytic leu- 
kemia (3PS) test system'. 


DISCUSSION 


T h e  lignan wikstromol ( I )  was isolated from hoth Wikstroernia species. 
This  compound was isolated recently from Wikstroemin uir idif lora (1) 
and Daphne. odora ('I'hymelaeaceae) ( 2 ) .  Wikstromol is the  enantiomer 
of nortrachelogenin (11, also called pinopalustrin), isolated from Tra- 
chc~losprrmum asiaticum var. intermedium (Apocynaceae) (3) and Pinus 
paitrsfris (Pinareael (4). 


Comparison of the sample spectra (111, PMR, and mass) with literature 
values (1 ,3)  for wikstromol and nortrachelogenin and comparison of the 
sample's physical constants with those of these two lignans (Table I) 


I M' foelido var. oahurnsis and W .  uua-urst were collected in Hawaii in Sep- 
temher I975 and March 1973, respectively. Identification was confirmed by Dr. 
liohert E. Perdue, J r . ,  Medicinal Plant Resources Laboratory, U.S. Department 
o f  Agriculture. Bethesda, Md. Reference specimens are maintained by the De- 
pa;tmenl of Agriculture. 


~ Of the Drug Evaluation Branch, Drug Research and Development, Division 
of Cancer Treatment. National Cancer Institute, Nstiona) Institutes of Health, 
Hethesda. Md. 


suggested that  it was wikstromol. Confirmation was by direct comparison 
o f  authentic spectra3 (1K and P M R )  and of the  sample:3 of the  nortra- 
chelogenin dimethyl ether with the study sample dimethyl ether. T h e  
spectra were identical, and T I L  behaviors were indistinguishahle. Un- 
I'ortunately, t h e  study sample could not he made to  crystallize, and an 
authent ic  sample of wikstromol, or its dimethyl ether, was unobtain- 
ahle. 


In addition to the  PS-active wikstromol, three inactive compounds 
were isolated from hoth W. foetida var. oahuensis and W. uua-ursi. These 
compounds were daphnoretin (I l l ) ,  pinoresinol ( IV) ,  and syringaresinol 
(V) .  In each case, identity was confirmed by cornparison wit.h authentic 
specimens4. 


Wikstromol (I)  demonstrated activitiesof 154, 146,137,141, and 13W 
test/control ( T K )  a t  does of 16 ,10 ,4 ,2 ,  and 1 mg/kg, respectively. Ac- 
tivity in the  PS test system is defined a s  an increase in the  survival of 
treated animals over that of control animals resulting in a T / C  2 
1 : 3 0 @ .  


EXPERIMENTAL6 


Wikstromol was isolated similarly from W. foetida var. oahuensis and 
W uua-ursr. T h e  procedure for isolation from the  former follows. 


Whole W. foetida var. oahuensis plants were ground in a Wiley mill 
and  stored a t  -10" prior to  extraction. T h e  ground material (9 kg) was 
exhaustively extracted in a Lloyd-type extractor with petroleum ether 


The authors are indebted to Prof. Dr. Sansei Nishihe, Department of Phar- 
macognosy, Higashi Nippon Gakuen University, Ishikari-Tobetsu, Hokkaido. 
J a  an, for s ectra and sample of nortrachelogenin dimethyl ether. 


aThe autRors thank Prof. Dr. G. Legler, Institute fur Biochemie der Universitat 
Koln, Germany, for sample of daphnoretin. They are grateful also to Dr. Cornelius 
Steelink, Department of Chemistry. University of Arizona, Tucson, A r k ,  for 
specimens of pinoresinol and syringaresinol. 


f, John D. Douros, Natural Products Branch, National Cancer Institute, Bethesda, 
Md., ersonal communication, Sept. 1977. 


JePelting points were determined on a Kofler hot-stage apparatus and are un- 
corrected. IR and mass spectra were recorded on a Beckman 1R-33 and Hewlett- 
Packard quadrupole spectrometer (model 4930). respectively. PMR spectra were 
recorded on Varian T-60 and EM-3601, spertrometers, and optical rotations were 
taken on a Perkin-Elmer model 241 MC polarimeter. 
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Table I-Comparison of Physical Constants 


Constant W i kstromol Study Sample Nortrachelogenin Daphne Lignan Pinopalustrin 


Meltin point Amorphous Amorphous Amorphous Amorphous Amorphous I& +72' (chloroform) +41' (chloroform) -17' (ethanol) +48' - 


Dimethyl Ethers 
Meltin point 96-97' Amor hous $77-98.5" 


IaLI +35' (chloroform) +26" (ch6roform) -46' (ethanol) 
96-97'. 127- 128' 
-39' (chloroform) 


(bp 30-60') followed by 95% ethanol. The air-dried ethandl extract was 
partitioned between chloroform and water (1:l). Removal of the solvent 
from the chloroform phase provided a sticky, green residue (227 9). The 


latter was extractedwith hexane (5 X 0.5 liter) and ether (4 X 0.5 liter), and 
the hexane-insoluble, ether-soluble material (84 g after solvent removal) 
was chromatographed over silica gel 607 (2 kg, 9.5 X 80 cm). Elution was 
begun with chloroform-methanol (98:2 v/v), and wikstromol (I) was 
eluted with chloroform-methanol (97:3 v/v). Final purification of wik- OH OH 


OH 
I 


& OCH ! 


OH 
I1 


cHJompyo HO 


OCH, 


V 


stromol was by preparative TLC [chloroform-methanol-water (188:12:1 


Wikstromol was obtained as an amorphous powder, [(Y]$' +41° (c 0.93, 
CHCld whose IR, PMR, and mass spectra were identical to those re- 
ported for wikstromol(1) and nortrachelogenin (3). 


Wikstromol dimethyl ether, prepared in the usual way with diazo- 
methane, was obtained as an amorphous semisolid, ICY]? +26.3' (c 1.09. 
CHCls). Its spectra (IR, PMR, and mass) were in accord with those in the 
literature (1,3), and its IR and PMR spectra were identical in all respects 
with authentic nortrachelogenin dimethyl ether spectra?. In several 
solvent systems, TLC behaviors of our material and authentic nortra- 
chelogenin dimethyl ether3 were indistinguishable. 


Daphnoretin (111) and syringaresinol (V)  were isolated from other 
fractions of the preparative TLC used to obtain wikstromol. Daphnoretin 
was obtained as yellow needles, mp 246-248". Recrystallization from 
methanol-chloroform provided colorless needles, mp 261-262'. Com- 
parison with an authentic sample (identical IR spectra and undepressed 
mixed melting point) confirmed its identity. The PMR and mass spectra 
were in accord with Structure 111. Syringaresinol was obtained as colorless 
cubelets from methanol. mp 178-180'. Comparison with an authentic 
specimenJ (identical IR and undepressed mixed melting point) confirmed 
its identity. 


Pinoresinol (IV) was obtained from the wikstromol-containing column 
fraction by preparative TLC using benzene-ethyl acetate-methanol 
(30102 v/v/v). Recrystallization from ether gave colorless cubelets, mp 
120-121", identical (superimposable IR spectra and undepressed mixed 
melting point) with an authentic sample4. 


v/v/v)]. 
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theophylline from serum or plasma proteins. The appa- 
ratus is portable and does not require a refrigerated cen- 
trifuge for ultrafiltration. The procedure is ideal for clinical 
investigations because of the small volume of sample re- 
quired. It has potential application to the study of protein 
binding of a wide range of xenobiotic compounds. 
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BOOKS 


REVIEWS 
Formulation and Preparation of Dosage Forms. Edited by J. POL- 


DERMAN. ElseviedNorth-Holland, 52 Vanderbilt Ave., New York, 
NY 10017.1977.307 pp. 16 X 24 cm. Price $37.95. 
This volume presents the proceedings of the 37th International Con- 


gress of Pharmaceutical Sciences (F.I.P.) held in The Hague, The 
Netherlands, September 5-9,1977. The editor states that the book takes 
its title from the main theme of the Congress. 


The first of five sections is Formulation and Preparation of Dosage 
Forms. Three reviews are given on formulation factors affecting drugs 
given by oral route, surface applied drugs, and drugs given parenterally. 
These reviews are preceded by a General Introduction and followed by 
Conclusions and Perspectives. The introduction was more informative 
and better documented than the presentations on the oral route and the 
parenteral route. 


The second section is Drug Substance-Pro-Drugs. The presentation, 
Drug Substances in Particular Pro-Drugs: Problems and Methods of 
Approach, was excellent and provided a wealth of references. The report, 
Analytical Aspects on Pro-Drugs, was informative and well documented. 
Pro-Drugs: Structure Activity Relationships suffers by comparison with 
the other presentations. 


The third section, First Pass Effects, is composed of three lectures 
covering the influence of the route of administration of a substance on 
its bioavailability, drug metabolism associated with the routes of ad- 
ministration, and first pass effects and consequences for the routes of 
administration and dosage form design. The section describes the first 
pass effects and cites examples; however, some statements are redundant. 
Perhaps this repetition is unavoidable with the multiauthor presentations 
of a symposium. 


The fourth section, Mechanism of Drug Release, consists of three 
presentations. Physico-chemical Aspects of Drug Release discusses 
theories of dissolution and dissolution of particles and binary mixtures. 
Solid Dosage Forms: Mechanism of Drug Release gives a simple view of 
the effect of formulation on release. Liberation of Medicaments from 
Semi-solid Bodies Applied to the Skin considers penetration conditions 
of chemical substances through the skin and the role of carrier materials 
in the rate of release of medicaments applied to the skin. 


The final section, Physico-chemical and Technological Aspects, was 
also composed of three Presentations. Powder technology was discussed 
superficially. A description of physicochemical and technological aspects 
of granulation techniques was elemental. A review of the process involved 
in tablet formulation provided some interesting scanning electron mi- 
crographs of compressed tablets; however, i t  did not explain or document 
what might be occurring in the compaction process. The final section was 
the least informative of the five sections. 


As expected in a symposium presented by 17 authors in three lan- 
guages, even after translation into English, the style is not uniform and 
repetition does occur; however, the volume is easily read and provides 
facts and references of interest to anyone concerned with dosage 
forms. 
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Cardiovascular Drugs. Vol. I: Antiarrhythmic, Antihypertensive 
and Lipid Lowering Drugs. Vol. 2: 4-Adrenoceptor Blocking 
Drugs. Edited by GRAEME S. AVERY. University Park Press, 233 
East Redwood St., Baltimore, MD 21202.1978.16 X 24 cm. Vol. 1: 176 
pp. Vol. 2: 230 pp. 
These two volumes comprise two parts of a three-part series entitled 


"Cardiovascular Drugs." The chapters have been revised from popular 
review articles previously published in the Australasian Drug Information 
Services press journal, Drugs. Written by internationally recognized 
authorities in their respective fields, this collected series provides a 
concise and convenient review of the current state of the art  in cardio- 
vascular drug therapy. 


Volume 1 contains four chapters that  review lipid lowering drugs and 
hyperlipidemia, antihypertensive drug therapy, antiarrhythmic agents, 
and clinical pharmacology and therapeutic uses of digitalis glycosides. 
With 51 figures, 19 tables, over 500 references, and an extensive subject 
index, this volume provides valuable and practical information con- 
cerning the appropriate therapeutic use of antiarrhythmic, hypotensive, 
and hypolipidemic drugs. Also included are discussions concerning the 
pharmacological actions, adverse reactions, and combination drug in- 
teractions of these cardiovascular agents. 


Volume 2 contains nine chapters covering the pharmacodynamics and 
pharmacokinetics of @-adrenoreceptor blocking drugs; 8-adrenoceptor 
blocking agents in the treatment of hypertension, angina pectoris, cardiac 


.arrhythmias, and hyperthyroidism; clinical toxicology of propranolol and 
practolol; adverse effects of @-adrenoceptor blocking agents on respira- 
tion; and autoimmune and autoallergy phenomena in patients treated 
with @-blockers. With 20 figures, 27 tables, over 1000 references, and a 
subject index, this book provides a comprehensive review of @-adrenergic 
blocking drugs. 


These well-written and comprehensive volumes are excellent reference 
sources and clinical guides to scientists working in cardiovascular re- 
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the sink condition (compared with M I  and M P  in Table IV). The deviation 
from the slope of unity existed as long as some degree of the first term, 
(DA/XL)A& affected the dissolution rate. The break point difference can 
be explained by the differences between koH- [OH-] - ko and (DB/  
n X d B L  - (DA/XL)AO.  


SUMMARY AND CONCLUSION 


The prodrug, 7,7’-succinylditheophylline, was hydrolyzed with a 
half-life of about 10 sec in the physiological pH range. These hydrolysis 
studies suggested that the prodrug would hydrolyze very rapidly and 
release the parent molecule, theophylline, once i t  was dissolved. 


The dissolution rate of 7,7’-succinylditheophylline was 35 times slower 
than that of theophylline under the same conditions, and its dissolution 
rate was independent of pH within the physiological pH range. Disso- 
lution rate studies coupled with hydrolysis rate studies suggested that 
the dissolution process would be the rate-determining step to keep the 
steady-state release into solution (Scheme 111). 


prodrug dissolution+ prodrug hydrolysis+ parent drug 
in solid proass in solution rapid brocess in solution 


Scheme I I I  
The saturation solubility of 7,7’-succinylditheophylline a t  25’ in water 


was estimated to be 1.63 X M from the rate dissolution data. Under 
the same conditions, theophylline solubility was 4 X M. From these 
results, it appears that  7,7’-succinylditheophylIine might be a valuable 
candidate as a prolonged-release theophylline prodrug. 
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Abstract 0 Amino acids methionine and histidine, which are soluble 
in propylene glycol, were investigated for their purported beneficial ef- 
fects on aspirin-induced gastric mucosal damage in the rat. The 
pathognomonic changes observed microscopically in the fundic region 
of the stomach of animals administered daily doses (100 mg/kg), for up 
to 15 days, of aspirin solutions (0.36 M) in propylene glycol incorporated 
with the amino acids were compared with those of animals given equiv- 
alent quantities of aspirin in an aqueous suspension combined with an 
aluminum hydroxide antacid. A “delayed” onset of aspirin-induced 
cellular damage due to the presence of amino acids, analogous to that 
associated with the use of antacids, was found as determined partly by 


differences in the staining ability of injured cells with hematoxylin and 
eosin. 


Keyphrases 0 Methionine-effect on aspirin-induced gastric mucosal 
damage in rats 0 Histidine-effect on aspirin-induced gastric mucosal 
damage in rats 0 Aspirin-induction of gastric mucosal damage in rats, 
effect of methionine and histidine Amino acids-methionine and 
histidine, effect of aspirin-induced gastric mucosal damage in rats 
Gastric mucosal damage-induced by aspirin in rats, effect of methionine 
and histidine 


GI bleeding in normal subjects, but especially in patients 
afflicted with chronic GI lesions, can accompany aspirin 
ingestion (1, 2). Several mechanisms reported for the 


pathogenesis of these lesions involve aspirin administra- 
tion by the intra- or extragastric route (3-5). Among the 
more significant factors in aspirin-induced gastric hem- 
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Table I-Composition of Various Aspirin Formulations 
Administered to Rats 


Methio- 
Aspirin, Histidine, nine, 


Formu- (w/v) (w/v) (w/v) ene 
6.5% 0.:32%~ 0.80% Propyl- 


lation (0.36 M )  (0.02 M )  (0.02 M )  Glycol Water Antacid 


I + + 
11 + t + 


111 + + + 
IV + t 


V R  + + 


Table 11-Pharmacokinetic Parameters Estimated from Blood 
Plasma Salicylate Levels following Intubation of a Single 
Aspirin Dose (100 mg/kg) to Fasting Rats 


Peak 
Concen- Peak 


Formu- tration, Time, K , ,  K,, t i p ,  AUCo--. 
lation mg/ml min hr-1 hr-I min mg hr/ml 


I 0.271 30 5.94 0.3080 135 0.6960 
I1 0.246 30 5.21 0.3035 137 0.6871 


111 0.286 30 5.54 0.1979 210 1.0450 
IV 0.126 45 3.78 0.3465 120 0.2828 
V 0.120 48 2.19 0.2666 156 0.3560 


a Cnntained :1.6:1%aspirin with 10 ml olantacid (60 mg/ml) and 1 ml of water. 


orrhages were area and duration of contact of solid drug 
particles with mucosal cells (6). Consequently, efforts 
toward reducing these undesirable effects with solid or 
crystalline aspirin frequently have led to the concomitant 
use of buffering agents (7, 8) and the administration of 
freshly prepared solutions of aspirin in water (9). 


The objective of the present study was to determine the 
advantages of a solution form of aspirin with and without 
“buffers” on experimentally induced gastric lesions in the 
rat. For stability reasons, a nonaqueous medium, propyl- 
ene glycol’, was used as the solvent. Methionine2 and his- 
tidine’ were investigated because of their solubility in 
propylene glycol. Furthermore, encouraging results have 
been ascribed to amino acids generally for reducing aspi- 
rin-induced gastric lesions (10-12). 


The extent of gastric mucosal damage was examined 
carefully by light microscopy similar to that  previously 


described for the loss of staining intensity by the cyto- 
plasmic matrix of injured epithelial cells with hematoxylin 
and eosin (13). For comparison, freshly prepared suspen- 
sions of aspirin“ in water and of aspirin combined with a 
commercially available antacid, aluminum hydroxide 
suspension4, were administered. 


EXPERIMENTAL 


Fifty-four male Wistar ratsb, 300-950 g, were divided into six groups 
of nine animals. Five groups each received one of the  five formulations 
(Table I), and one group served as  the control. At the outset, three animals 
were randomly selected from within a group and staggered for blood 
withdrawals to study the rate and extent of aspirin absorption following 
administration of only a single dose of eacL formulation. These partially 
hled animals were then returned t o  their original groups for further daily 
dosing with the  respective aspirin formulations. 


T h e  pathognomonic changes resultant lrom the daily oral intubation 


Amend Drugs and Chemicals, Irvington, N.J. ’ Fisher Scientific Co. 4 Amphojel Suspension. Wyeth Laboratories, Philadelphia, Pa 
5 Hilltop Lahoratories, Scotsdale, Pa. Mann Research 1,ahoratiiry. 
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Figure 3-J'undic region of stomach of rat dowd daily with 100 mg of 
aspirinlkg in Formulation I1 for 12 days.  Shown are normal epithelial 
cells ( a )  and chief cells ( b )  but very few pale, unstained cells ( e ) .  General 
histology appears normal. 


of single doses of aspirin (100 mglkg) Ior 7, 12, or 15 consecutive days 
(arbitrarily chosen) were derived from three animals sacrificed from each 
group, including controls, a t  the end of these designated periods. Rou- 
tinely, all animals were lightly anesthetized with ether before intubation 
with the aspirin formulaticms and also prior to blood withdrawals by the 
orbital sinus puncture method (14). Animals were kept on regular chow 
diet and fasted 20-24 hr before the absorption experiment or prior to their 
sacrifice with a lethal dose of ether; they were allowed access to drinking 
water a t  all times. 


A t  autopsy, after both the pylorus and esophagus were securely tied, 
a fixative solution was injected into the gastric cavity to prevent excessive 
wrinkling of tissues. With the stomach completely removed, small sec- 
tions of its lesser and greater curvatures were obtained and dehydrated 
to be imbedded in paraffin. Sections Irom these tissues, 5-7 pm thick, 
subsequently were prepared for microscopic examination. 


In the absorption studies, approximately 1 ml of blood was collected 
in heparinized centrifuge tubes from animals staggered a t  10-180 min 
after oral intubation. These samples were stored a t  refrigeration tem- 
perature. For the analysis of aspirin, 0.5 ml of thawed blood was mixed 
with 6 ml of Trinder's reagent (15) and immediately centrifuged a t  3000 
rpm for 10 min to remove the precipitated proteins. A sufficient volume 
of the clear supernate was used for the absorbance measurement a t  540 
nm. The respective aspirin concentrations then were derived from a 
calibration graph prepared with 0.05-0.80 mg of sodium salicylatel/ml 
of deproteinized blood. All aspirin solution formulations were prepared 
by continuous agitation for 4-6 hr on a mechanical shakerfi a t  ambient 
room temperatures until complete solution of the drug. 


RESULTS 


Histology of Gastric Mucosa-Figure 1 presents the typical normal 
appearance of a section in the fundic region of the stomach of rats dosed 
daily with Formulation I11 (Table I) for 15 consecutive days. It shows 
intact gastric epithelial lining cells, chief cells, and parietal cells analogous 
to those observed for control animals fed plain water (Fig. 2). Similarly, 
the general histology of animals given Formulation I1 daily for 12 days 
appeared normal, with only a few cells losing the ability to pick up the 
hematoxylin and eosin stain (Fig. 3). 


In contrast, the fundic region of stomachs of animals dosed daily with 
IV for 7 (Fig. 4 )  and 15 (Figs. 5 and 6) days exhibited not only numerous 


6 Model S3, Gyrotory, New Hrunswick, N.J. 


Figure 4-Fundic region of stomach of rat dosed daily with 100 mg of 
aspirinlkg in Formulation IV for 7 d a y s .  Shown are normal epithelial 
lining cells ( a )  and numerous pale cells ( e )  that did not pick u p  the 
stain. 


pale cells but also engorged capillaries containing blood cells, rupturing 
lining epithelial cells and gastric glands in the later stages. A vast im- 
provement was observed in the general histology of animals administered 
V. Numerous pale cells remained, but the lining gastric epithelial cells 
generally appeared intact (Fig. 7). A careful examination of corresponding 
sites in animals fed a single daily dose of a simple solution of aspirin in 
propylene glycol (I) for up to 12 days showed generally intact epithelial 
lining cells and some pale cells, closely analogous to those of Fig. 3. 


Aspirin Absorption-Figure 8 illustrates the blood plasma salicylate 
concentrations reached a t  10-180 min following administration of a single 
dose of aspirin in Formulations I-V. With solutions 1-111, the salicylate 
levels peaked a t  about 30 min after oral intubation. In comparison, the 
salicylate peaks occurred after approximately 45-50 min with ingestion 
of suspensions IV and V. 


On the basis of the area under the curve, AUC, the amounts of drug 
absorbed appeared significantly different between solutions and sus- 
pensions. The total amounts of aspirin "apparently" absorbed with 1-111 
were three to four times greater than those obtained with IV and V. Again, 
the AUC of 111, about 1.5 times greater than those of I and 11, was rela- 
tively the largest because of a low elimination rate (Table 11). 


Figure 5-Fundic region of slornach of rat doscd daily with I00 mg of 
aspirinlkg in Formulation IV for 15 days. Shouin arc pale cells ( P )  and 
numerous capillaries engorged with blood cells ( i ) .  
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Figure 6-Fundic region ofs twnarh of rat dosed daily wi th 100 mg of 
aspirinlkg in Formulation IVfor 1.5 days. Shoum are broken and rup- 
tured lining epithelial cells and gastric glands ( a )  and also pale cells 
( e ) .  


DISCUSSION 


On the basis of the loss of staining ahility by injured epithelial cells, 
described by Hingson and Ito (13) as the preliminary diagnostic stage 
leading to gastric ulceration, a histologic examination of the gastric 
mucosa tissue sections revealed that the daily oral administration for up 
to 15 days of single doses of an aspirin solution, aqueous or nonaqueous, 
produced comparatively less damage than the same dose given as a sus- 
pension in the rat. An enhanced beneficial effect due to the incorporation 
of methionine or histidine was seen with the solutions of aspirin in pro- 
pylene glycol. This result parallels the observation of Aron et al. (16) on 
reduced fecal blood loss in humans and rats following ingestion of aspirin 


Figure 7-Fundic region of stomach of rat d(1sc.d daily with 100 mg?f 
aspirinlkg in Formulation V for 15 days. Shown are intact epithelial 
lining cells (a ) ,  numerous pale cells ( e ) ,  and un engorged capillary 
( i ) .  


I 
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Figure 8-Single-point plasma salicylate leuels obtained at l(t180 min 
after administration of aspirin Formulations I-V. 


with another amino acid, lysine, as soluble lysine acetylsalicylate. 
No data are available a t  present to elucidate the probable mechanism 


associated with the use of these amino acids. However, since amino acids 
represent “weak buffers,” an analogous process attributed to the general 
use of antacids (8) probably occurred. Cooke (17) recently strongly sug- 
gested that hydrogen ions from unbuffered aspirin were responsible for 
the breakdown of the gastric rnucosal barrier. A decrease in transmucosal 
potential difference attributed to an increase in the net passive fluxes 
of both hydrogen and sodium ions (18) was observed following aspirin- 
induced gastric mucosal damage. The present data support previous 
findings (19,201 that the unionized aspirin molecule, not its ionized or 
salt form, is mainly responsible for these gastric injuries. In addition, the 
apparent “delay” in the onset of gastric damage in the rat from admin- 
istration of an aspirin suspension with an antacid (-2 mEq) resembles 
results with humans. 
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Table 11-Analysis of Spiked Plasma Samples for Clobazam 
~~ ~ 


Concen- 
tration Concentration 
Added, Found“, Accuracy, 


Mixture ngiml ndml % 


1 Clobazam 
2 Clobazam 
3 Clobazam 
4 Clobazam 
5 Clobazam 


N-Desmethylclobazam 
6 Clobazam 


N- Desmethylclobazam 
7 Clobazam 


Diazepamh 
8 Clobazam 


Chlordiazepoxide 
hydrochloridec 


9 Clohazam 
Oxazepamd 


10 Clobazam 
Clidinium bromide‘ 


11 Clobazam 
Asoirin 


200 
400 
600 


1200 
300 
300 
600 
600 
400 
400 
400 
400 


400 
400 
400 
400 
400 
400 


196.90 f 2.30 
409.75 f 15.00 
608.00 f 28.00 


1211.75 f 29.81 
285.45 f 6.43 


604.00 f 23.00 


389.30 f 2.20 


373.35 f 11.35 


368.85 f 6.85 


398.00 f 29.00 


376.00 f 20.00 


1.55 
2.44 
1.33 
0.98 
4.86 


0.67 


2.68 


6.66 


7.79 


0.50 


6.00 


a Based on duplicate samples. b Valium, Hoffmann-La Roche, Nutley, N.J. 
Serax, Wyeth Laboratories, Radnor, c Librium, Hoffmann-La Roche. Nutley, N.J. 


Pa. Quarzan. Hoffmann-La Roche. Nutley, N.J. 


The other known metabolites of clobazam, in which hydroxy and hydroxy 
and methoxy substituents are present on the drug molecule, have not 
been shown in these laboratories to form fluorophores and should not 
interfere with the analysis of clobazam. 


Initial extractions of clobazam from spiked plasma samples were 
performed using ether (9) (percent extraction = 85.58 f 7.5936). Analysis 
of a I-ml plasma sample spiked with 400 ng each of clobazam and N -  
desmethylclobazam with ether as the extraction solvent indicated that 
the clobazam concentration was 608.95 f 19.05 ng/ml ( n  = 2). Assay of 
a plasma sample containing only the metabolite (400 ngiml) gave 215.40 
f 0.40 ng/ml ( n  = 2), expressed as clobazam concentration. These data 
establish that the fluorophore formed from the desmethyl metabolite 
interferes with the clobazam analysis because of concurrent extraction 
of drug and metabolite from the plasma sample. Thus, partitioning 
studies were performed to find an organic solvent that would selectively 
extract clobazam from the desmethyl compound. 


Chloroform, benzene, hexane, cyclohexane, petroleum ether, heptane, 
carbon tetrachloride, methylene chloride, and ethyl acetate were inves- 
tigated. Hexane provided the best selectivity for the extraction of clo- 
bazam over that of the N-desmethyl metabolite a t  equimolar concen- 
trations. The percent extraction of clobazam from plasma with hexane 
was 51.27 f 2.00%. 


Application of the fluorometric assay to the determination of spiked 
plasma samples containing clobazam and to plasma samples containing 
mixtures of clobazam and N-desmethylclobazam, some 1,4-benzodi- 
azepines, or other drugs is presented in Table 11. Determination of clo- 
bazam in these samples was achieved with accuracy in the range of 


Figure 3 shows a plasma level-time profile after oral administration 
of a single 40-mg dose of clobazam to a healthy adult male. The data, 
obtained by using the described fluorometric procedure, indicate that 
the method should be applicable to studies where plasma levels of the 
intact drug are desired. 


0.50-7.8%. 


REFERENCES 


(1) A. C. Parrot and I. Hindmarch, IRCS Med. Sci. Clin. Pharmacol. 


(2) R. C. Borland and A. N. Nicholson, Br. J. Clin. Pharmacol., 2,215 


(3) P. A. Berry, R. Burtles, D. Crubb. and M. V. Hoare, ibid., 1,346 


(4)  Clinical Investigator Literature, Hoechst-Roussel Pharmaceuticals, 


(5) S. Fielding and I. Hoffman, Br. J. Clin. Pharmacol., in press. 
(6) S. Hossi, 0. Pinola, and R. Maggi. Chim. Ind., 51,479 (1969). 
(7) P. Hajdu and D. Damm, Artneim.-Forsch., 26,2141 (1976). 
(8) J .  J .  Vallner, T .  E. Needham, I. L. Honigberg, J .  T. Stewart, W. J.  


Brown, J .  A. Kotzan, and H. W. Jun, J. Clin. Pharmacol., 18, 319 
(1978). 


(9) P. Hajdu, M. Uihlein, and D. Damm, Arzneim.-Forsch,, in 
press. 


Ther., 3, 177 (1975). 


(1975). 


( 1974). 


Somerville, N.J.. May 1973. 


ACKNOWLEDGMENTS 


Presented in part a t  the Pharmaceutical Analysis and Control Section, 
APhA Academy of Pharmaceutical Sciences, Phoenix meeting, November 
1977. 


Effect of N-Trifluoroacetyl Derivatives of Amino Acids and 
Amino Acid Analogs on Microbial Antitumor Screen 


THEODORE T. OTANIx and MARY R. BRILEY 
Received August 11,1978, from the Laboratory of Pathophysiology, National Cancer Institute, Bethesda, MD 20014. 
publication September 28, 1978. 


Accepted for 


Abstract 0 Eighteen trifluoroacetyl derivatives of amino acids and of 
amino acid analogs were prepared and tested for growth-inhibitory ac- 
tivity using a Lactobacillus casei system as a prescreen for antitumor 
activity. Of the compounds tested, the trifluoroacetyl derivatives of o-, 
m-, and p-fluorophenylalanine and of fl-3-thienylalanine showed modest 
activity; trifluoroacetyl derivatives of phenylalanine and of D-2-thien- 
ylalanine showed marginal activity. The activity exhibited by the active 
trifluoroacetyl compounds was equal to that noted for most active chlo- 
roacetyl derivatives reported previously, as judged by comparison of their 


activity with that of chloroacetyl-m-fluorophenylalanine. No reversal 
of inhibition was noted when a representative of these inhibitors was 
challenged with a corresponding natural metabolite, both as a free amino 
acid and as a noninhibitory acylated compound. 


Keyphrases Amino acids and analogs-N-trifluoroacetyl derivatives, 
effect on microbial antitumor screen Antitumor activity-18 trifluo- 
roacetyl derivatives of amino acids and amino acid analogs, growth in- 
hibitory activity using Lactobacillus casei system 


An alteration in the biological behavior of certain amino 
acids, both the naturally occurring and the “unnatural,” 
as measured by growth-inhibitory capacity in a microbial 
system, was noted upon acylation (1-3). The extent of such 
activity varied with the nature of the acyl group and the 


amino acid moiety (3). While N-acetyl and N-propionyl 
derivatives of these amino acids showed no appreciable 
growth-inhibitory activity, the N-chloroacetyl derivatives 
showed modest activity (3), particularly with those amino 
acids that are normally considered to be essential for 
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Table I-Purity Data of N-Trifluoroacetyl Derivatives 
Van Slyke 


Nitrous Acid 
Determi- 
nationc, 


Optical Rotation %amino 
Analysis, %d 


' Calc. Ob 9. 


N-Trifluoroacetyl Melting Point [a]g-" nroyes. Empirical 
Derivative Beported Observed Reported Observedb Formula 


L- Alanine 


L-Aspartic acid 


o-Fluoro-DL- 
phenylalanine 


phenylalanine 


phenylalanine 


rn-Fluoro-DL- 


p-Fluoro-DL- 


Glycine 


P-Hydroxy -DL- 


L-Isoleucine 


norleucine ABE 


L-Leucine 


DL-Methionine 


DL-Norleucine 


DL- Norvaline 


L-Phenylalanine 


D-Phenylalanine 
hemihydrate 


DL-Phenylalanine 


8-2-Thienyl-DL- 
alanine 


@-3-Thienyl-DL- 
alanine 
hemi hydrate 


DL-Tyrosine 
d i hydrate 


L-Tyrosine 


L-Valine 


6W8'  


- 


- 


- 


- 


117-1190e 


- 


- 


72-750e 


95-96' 


79-82.5' 


- 


120-122'e 


120-122'@ 


127- 128' 


- 


- 


- 


192.5-193.5" 


86-88' 


6244' 


164-165' 


117-1 19' 


117-119' 


143' 


1 15-1 17' 


179- 180' 


71-72' 


76-71' 


91-96' 


79-81' 


62' 


120- 121 ' 


120-122' 


127-128' 


i2ai300 


115-118' 


194" 


195-198" 


85-86' 


-60.7" (W) 


- 


- 


- 


+45.0' (WB) 


-15.2' (W) 


-54.6' (W)f 


-18.0" (W) 


- 


- 


t 4 . 2 O  (A)* 


-26.2" (A)( 


t 


t 


- 


5.8' (A)  


4.8' (A)'  


- 


- 


+48.6' (WB) 


-15.2' (W) 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


2 


0 


7 


0 


1 


0 


3 


1 


0 


1 


1 


0 


5 


3 


1 


0 


0 


2 


1 


1 


C 32.44 
H 3.27 
N 7.57 
C 31.45 
H 2.64 
N 6.11 
C 47.32 
H 3.24 
N 5.03 
C 47.32 
H 3.24 
N 5.01 
C 47.32 
H 3.24 
N 5.01 
C 28.08 
H 2.36 
N 8.19 
C 39.51 
H 4.98 
N 5.76 
C 42.29 
H 5.32 
N 6.17 
C 42.29 
H 5.32 
N 6.17 
C 34.28 
H 4.11 
N 5.71 
C 42.29 
H 5.32 
N 6.17 c 39.44 
H 4.73 
N 6.57 
C 50.58 
H 3.86 
N 5.36 
C 48.89 
H 4.10 
N 5.18 
C 50.58 
H 3.86 
N 5.36 
C 40.45 
H 3.02 
N 5.24 
C 39.13 
H 3.28 
N 5.07 
C 42.18 
H 4.50 
N 4.47 
C 47.66 
H 3.64 
N 5.05 c 39.44 
H 4.73 
N 6.57 


32.03 
3.38 
7.28 


31.40 
2.74 
6.19 


47.40 
3.45 
5.23 


47.26 
3.24 
5.15 


47.64 
3.16 
5.01 


28.08 
2.49 
8.32 


38.89 
5.21 
6.25 


42.40 
5.40 
6.40 


42.37 
5.41 
6.16 


34.32 
4.36 
5.74 


42.50 
5.34 
6.10 


39.46 
4.54 
6.85 


49.95 
3.85 
5.46 


48.59 
3.86 
5.32 


50.90 
4.01 
5.68 


40.51 
3.04 
5.46 


39.43 
3.06 
5.15 


41.90 
3.92 
4.45 


47.55 
3.76 
5.12 


39.47 
4.85 
6.82 


Meltin points (uncorrected) were determined on a Fisher-Johns melting point block (Fisher Scientific Co., Silver Spring, Md.). b Optical rotation was determined 
on a Rudolfpolarimeter (Rudolf Research, Fairfield, N.J.), model 80,sodium lamp, using 100-mm tubes (bore size of 3 mm) and asample capacity of0.7 ml. (W) = water, 
(A) = absolute ethanol, (WB) = water and equivalent amount of sodium hydroxide, c = 2. Van Slyke nitrous acid determination of primary amino nitrogen (8) made 
on a 1-ml sample containing an equivalent of 0.3 mg of amino nitrogen (when hydrolyzed). Elemental analyses were performed by the Microanalytical Laborator 
National Institute of Arthritis, Metabolism, and Digestive Diseases, National Institutes of Health, Bethesda. Md. Cf., Ref. 10. f Not optically pure but predominantt  
the desired enantiomer. 8 Mixture of diastereomers A and B, A being the isomer moving faster and B being the isomer moving slower in a methyl ethyl ketone-l- 
butanol-ammonia-water system (2). Probable racemization during preparation. I Rotation value, measured as hemihydrate. 


growth and with those that are analogs of essential amino 
acids (3). 


The ability of fluoro derivatives of metabolites to in- 
terfere and disrupt the normal metabolic pathway of 
analogous metabolites is well known. The fluoroacetates, 
the fluorocitrates as inhibitors of specific steps in the citric 
acid cycle, and the interference of nucleic acid metabolism 


by fluorouracil and its role in cancer chemotherapy are 
examples. The anomalous behavior of the trifluoroacetyl 
derivatives of certain amino acids, especially the 
straight-chain amino acids, as substrates of hog renal 
acylase where there was no optical specificity in the en- 
zymatic hydrolysis was reported (4,5). 


In view of these observations, coupled with earlier 
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Table 11-Effect of N-Trifluoroacetyl Derivatives of Amino 
Acids and Amino Acid Analogs on Growth of L. casei 7469a 


Concentration 
Equivalent Inhibition*. % 


N-Trifluoroacetyl a t  1 mg/ 0.1 mg/ 0.5 mg/ 1.0 mg/ 
Derivative ml,mM mlc mlc mlc 


L-Alanine 
L-Aspartic acid 
o-Fluoro-DL-phenylalanine 
rn -Fluoro-DL-pheny\alanine 
p-Fluoro-DL-phenylalanine 


~-k$~oxy-DL-norIeucine AB 
DL-Isoleucine 
L-Leucine 
DL-Methionine 
DL-Norleucine 
DL-Norvaline 
DL-Phenylalanine 
0-2-Thienyl-DL-alanine 
fl-3-Thienyl-DL-alanine 


hemihydrate 
DL-Tyrosine dihydrate 
L-Tyrosine 
L-Valine 
Trifluoroacetic acide 


5.40 
4.36 
3.58 
3.58 
3.58 
5.84 
4.11 
4.40 
4.40 
4.08 
4.40 
4.69 
3.83 
3.74 
3.62 


3.19 
3.61 
4.69 
8.77 


0 0 
3 4 
3 9 
4 10 
4 9 


+ 4  +3 
+2 5 


1 0 
1 1 


+2 + I  
+5 +2 
t 2  +1 
+1 8 
+3 3 
+2 8 


1 6 
+2 +1 


3 5 
4 0 


+Id 
2 


17 
22 
19 


+3 
t 3  


0 
2 
3 
3 
0 


12 
13 
23 


6 
5 
4 
4 


a For details, see text and Ref. 3. * Turbidity readings of the inoculated control 
tubes (containing no test compound) were 154-194 Klett units: At least three du- 
plicate determinations were made for each compound. The duplicate values in each 
determination agreed within f S  Klett units. The extent of variation in  these ex- 
periments has been discussed ( c / . ,  3).  The standard devlatlon o f  a compound 
showing a mean value of 2016 inhibition, for example, was 2.7 and the standard error 
was 0.95. The + indicates stimulation of 
growth. Free acid. 


Final concentration in assay system. 


findings of the alteration of certain biological properties 
of amino acids upon chloroacetylation, the trifluoroacetyl 
derivatives of these amino acids were studied to note their 
action on the growth of a microbial system selected as a 
prescreen for antitumor action. 


EXPERIMENTAL 


The free amino acids, except for the @-hydroxynorleucines which were 
prepared in this laboratory (6), were obtained commercially and were 
recrystallized from water-ethanol before use. Their purity was checked 
by paper chromatography in a t  least four solvent systems (c f . ,  2). by el- 
emental analyses, and, where applicable, by optical rotation measure- 
ments. The N-trifluoroacetyl derivatives were prepared by acylation with 
freshly distilled trifluoroacetyl chloride' in freshly distilled trifluoroacetic 
acid' in an anhydrous system according to the method of Weygand and 
Geiger (7). 


The purity of the products was checked by melting-point determina- 
tion, elemental analysis, optical rotation measurements, and Van Slyke 
nitrous acid determination of primary amino nitrogen (8). The acyl 
compounds liberated no nitrogen upon treatment with nitrous acid, as 
determined by the Van Slyke nitrous acid determination of primary 
amino nitrogen, indicating that the compounds contained no appreciable 
amount of the unacylated amino acids. Chloroacetyl-rn-fluoro-DL-phe- 
nylalanine was prepared in this laboratory (cf . ,  3). Data on the purity of 
these compounds are summarized in Table I. 


The preparation of the test solution for the microbiological assay and 
details of the assay were described previously (1). The microorganism, 
Lactobacillus casei 74692, was carried on agar' as stab cultures and 
subcultured in broth2. The assay medium, as described previously ( I  1, 
was a riboflavin-supplemented riboflavin assay medium. Growth was 
determined turbidimetrically after 19 hr as described (1). Inhibition is 
expressed as the percentage of growth and is 100 times the ratio of the 
difference of the turbidity readings of the control and experimental tubes 
to the turbidity reading of the control tube (cf., I). 


Special care was taken to check the final pH of the assay system, the 
test compounds being neutralized to pH 6 before being added to the test 
system. The pH of the assay system containing the maximum quantity 


I Eastman Organic Chemicals, Rochester, N.Y. 
2 American Type Culture Collection. Rockville. Md. 
3 Micro assay culture agar (Difco B319) and micro inoculum broth (Difco B320). 


Difco Laburatories. Detroit, Mich. 


Table 111-Comparison of the Effect of Equimolar 
Concentrations of N-Acyl Derivatives of Amino Acids and 
Amino Acid Analogs on Growth of L. casei 7469" 


N-Acyl Amino Acid Inhibition*, % 


N-Trifluoroacetyl-o -fluoro-DL-phenylalanine 18 


N-Trifluoroacetyl-p -fluoro-DL-phenylalanine 23 
N-Trifluoroacetyl-D1.-phenylalanine 16 
N-Trifluoroacetyl-L-phenylalanine 23 


N-Trifluoroacetyl-@-2-thienyl-DL-alanine 24 
N-Tri fluoroacetyl-P-3-thienyl-DL-alanine 26 
N-Chloroacetyl-rn -fluoro-D1,-phenylalanine 23 
Trifluoroacetic acid' 1 


N-Trifluoroacetyl-rn-fluoro-DL-phenylalanine 20 


N-Trifluoroacetyl-D-phenylalanine 20 


a Maximum growth in inoculated control tube containing no test compound, 
measured turbidimetrically. was 166 Klett units. For explanation of extent of var- 
iations of values, see footnote of Table 11. * Concentration was 4.47 rmoleslml and 
was the final concentration in the assay system. For details of assay, see text. Free 
acid. 


of the test compound was within 0.05 pH unit of the control system, which 
contained water in place of the test solution. 


In studies where the inhibitors were challenged by the natural me- 
tabolite or by the acyl derivative of the natural compounds, the medium 
was two times the normal concentration so that the final concentration, 
after the addition of the inhibitor, the challenging compound, and an 
appropriate volume of water, was equal to that of the normal assay sys- 
tem. Both the inhibitor and the challenging compounds were neutralized 
with appropriate volumes of 0.1 N NaOH to bring the pH of the solutions 
to 6. The final pH of the system was determined, as before, in a tube 
containing equivalent amounts of the test solution, the reversing agent, 
the medium, and water as in the corresponding experimental tubes. The 
final pH of these tubes was also within 0.05 pH unit of the control 
tubes. 


RESULTS AND DISCUSSION 


The trifluoroacetyl derivatives of 18 amino acids and amino acid an- 
alogs were prepared and tested for growth-inhibitory activity using a L. 
casei system as a prescreen for possible antitumor activity (9). Such a 
system was selected because of the rapidity with which the test could be 
made with a minimal amount of the test compound. Of the compounds 
tested, four showed moderate, but distinct, activity (Table 11): the N-  
trifluoroacetyl derivatives of o-fluoro-DI.-phenylalanine, m-fluoro- 
DL-phenylalanine, p-fluoro-DL-phenylalanine, and p-3-thienyl-DL- 
alanine. The trifluoroacetyl derivatives of 0-2-thienyl-DL-alanine and 
of nt,-phenylalanine showed marginal activity at 1 mg/ml final concen- 
tration. 


Because of the uncertainty of the Klett readings of about 5%, the in- 
hibition of 1-6% shown by some compounds (Table 11) was considered 
to be insignificant. When the activity of these compounds was tested on 
an equimolar basis (Table III) ,  the growth-inhibitory activity of these 
compounds was in the same range. The molar concentration selected was 
equivalent to 1 mg of N-chloroacetyl-@-hydroxy-D-norleucine B/ml (cf . ,  
3). The activity of the trifluoroacetylfluorophenylalanines was about that 
of the chloroacetyl counterparts (Table 111) (cf., 3). Unlike the chloroa- 
cetyl derivatives, which showed activity with both the essential amino 
acids and with analogs of essential amino acids, the activity of the t r i -  
fluoroacetyl derivatives was confined to the analogs of phenylalanine. 


Where the pure enantiomers were tested, neither optical isomer showed 
greater or  lesser activity than the racemic mixture (Table 111). Hence, 
the inhibition a t  the level of the inhibitor does not appear to involve an 
enzymatic reaction. The nonspecificity probably is not due to the tri- 
fluoroacetyl radical, as it is in the nonspecific hydrolysis of trifluoroacetyl 
amino acids by hog renal acylase (4, 5), since similar nonspecificity in 
growth inhibition was observed with the chloroacetyl compounds (cf., 
3). The participation of a racemase, however, is not ruled out. 


The trifluoroacetyl derivative of a natural amino acid, phenylalanine, 
showed growth-inhibitory activity, suggesting that the trifluoroacetyl 
moiety had some function in this activity. Since free o-fluorophen- 
ylalanine showed little activity in the system used here, the activity 
probably is not due to the hydrolytic release of the free o-fluorophen- 
ylalanine (cf., 3). Furthermore, it is unlikely that the hydrolytic release 
of free trifluoroacetic acid could be a factor since free trifluoroacetic acid 
present in equimolar quantity exhibited no inhibition (Table 111). 


Earlier experiments (3) showed that there was no appreciable hy- 
drolysis of the test compounds during incubation with chloroacetyl- 
DI.-norleucine. Apparently, the activity of the trifluoroacetyl derivatives 
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Table IV-Effect of Phenylalanine and N-Acetylphenylalanine 
on the Inhibition (Percent) by Trifluoroacetyl-p-fluoro-DL- 
pheny lalanine 


N-Trifluoroacetyl-p -fluoro-DL- 
Dhenvldanine - -  


Reversing Agentb 0 1.43 mM 3.58mM 7.16 mM 


None 0 6  21 40 
L-Phenylalanine (6.05 mM) +4 9 22 41 
N -  Acetyl-L-phenylalanine (4.82 8 12 25 47 


mM) 
~ ~~~ 


a Maximum growth of controls containing no inhibitor WBB 141 Nett  unita. b Final 
concentration of 1 mg/ml. Figures in parentheses are molar equivalents. 


of these amino acids and amino acid analogs is independent of the activity 
of the free parent amino acid. While free p-fluoro-DL-phenyldanine and 
#?-3-thienyl-DL-danine showed considerable activity, their corresponding 
trifluoroacetyl derivatives did not show as much activity; o-fluro-DL- 
phenylalanine, m-fluoro-DL-phenylalanine, and &2-thienyl-DL-alanine, 
which showed no activity as free amino acids, showed considerable ac- 
tivity a~ the trifluoroacetyl derivatives (cf., 3). 


I t  is difficult to propose any mechanism of such inhibition. Interference 
with phenylalanine metabolism may be involved, since all trifluoroacetyl 
compounds showing activity are analogs of phenylalanine. 


A study was made to note if the inhibition could be overcome or re- 
versed by the addition of suitable quantities of the natural metabolite. 
In a series of experiments, the active trifluoroacetyl derivative was 
challenged by various levels of a natural metabolite and of a noninhibitory 
acyl derivative. No significant degree of reversal was observed with either 
phenylalanine or acetylphenylalanine (Table IV). This observation, 


however, does not rule out the involvement of phenylalanine because the 
area of inhibitory action could be beyond the point of participation of 
these compounds as free amino acids or as simple acyl derivatives in its 
metabolic pathway. More sophisticated studies are required to learn the 
mechanism of inhibition. 


In view of the involvement of the trifluoroacetyl derivatives of only 
phenylalanine-related compounds in this screening system, consideration 
of these compounds as potential inhibitors of melanomas, wherein the 
metabolism of phenylalanine is believed to be intimately associated, may 
be of value. These compounds are now being prepared in larger quantities 
in preparation for testing in mammalian systems, especially in mela- 
nomas. 


REFERENCES 


(1) T. T. Otani, Cancer Chemother. Rep., 38.25 (1964). 
(2) T. T. Otani and M. R. Briley, J .  Pharm. Sci., 65,534 (1976). 
(3) Ibid., 67,520 (1978). 
(4) W. S. Fones and M. Lee, J. Biol. Chem., 201,847 (1953). 
(5) Ibid., 210,227 (1954). 
(6) T. T. Otani and M. Winitz, Arch. Biochem. Biophys., 102,464 


(7) F. Weygand and R. Geiger, Chem. Ber., 89,647 (1956). 
(8) D. D. Van Slyke, J. Biol. Chem., 83,425 (1929). 
(9) G. E. Foley, R. E. McCarthy, V. M. Binns, E. E. Snell, B. M. 


Guirard, G. W. Kidder, V. C. Dewey, and P. S.  Thayer, Ann. N .  Y. Acad. 
Sci., 76,413 (1958). 


(10) J. P. Greenstein and M. Winitz, “Chemistry of the Amino Acids,” 
Wiley, New York, N.Y., 1961. 


(1963). 


Stability-Indicating Assay for Vidarabine 


WEN-HA1 HONG” and DALE H. SZULCZEWSKI 
Received June 12,1978, from the Pharmaceutical Research Division. Warner-LambertlParke-Davis, Detroit, MI 48232. 
publication September 29, 1978. 


Accepted for 


Abstract 0 A physicochemical procedure for the analysis of vidarabine 
in aqueous parenteral formulations was needed to assure potency and 
to define stability. Concurrent with the development of this method, its 
decomposition products and route in aqueous solution were determined. 
A quantitative procedure was developed to determine intact drug in the 
presence of decomposition products, and the results obtained were val- 
idated by microbial assay. Spectral (UV and polarimetric) and TLC ev- 
idence indicated that, in aqueous solution, hydrolysis without racemi- 
zation occurs, yielding adenine and arabinose. The sensitivity of the 
method to decomposition is improved by ion-exchange separation of 
adenine and drug before UV measurement. Analysis of partially de- 
composed solutions of the drug by both ion-exchange and microbiological 
methods gave comparable results. 


Key phrases 0 Vidarabine-stability-indicating assay, analysis in 
aqueous parenteral formulations, behavior in aqueous solutions, analysis 
in the presence of decomposition products 0 Parenterals-analysis of 
vidarabine stability 0 Stability-vidarabine in aqueous parenteral for- 
mulations 


Vidarabine (9-@-D-arabinofuranosyladenine, Vira-A 
or Ara-A) is an antiviral agent with marked activity in uitro 
and in uiuo against a wide spectra of DNA viruses (1-8). 
It also inhibits DNA synthesis in bacteria (9), in mouse 
fibroblasts in cell culture (lo), and in experimental tumors 
in mice (11, 12). 


Since the dosage form being developed is essentially 
aqueous, information pertinent to the drug’s chemistry in 


an aqueous system is of value for predicting characteristics 
of the finished formulation and designing a stability-in- 
dicating assay. This paper presents a physicochemical 
procedure for the analysis of vidarabine in aqueous par- 
enteral suspension needed to assure potency and define 
stability. 


EXPERIMENTAL 


Chemicals a n d  Reagents-All chemicals used in the preparation of 
0.2 M borate buffer and 0.1 M phosphate buffer were reagent grade and 
were used without further purification. The hydrochloric acid solutions 
were prepared from a prestandardized volumetric solution’. Vidarabine 
was an experimental batch2; adenine? was obtained from a commercial 
source. 


Instrumentation-A direct-reading digital pH mete+ was used. UV 
spectra were obtained using a recording UV spectrophotometer5. The 
specific rotation was determined using a polarimetere. 


Degradation OF Vidarabine in Acidic Solution-A 1% solution of 
vidarabine was prepared in 0.1 N HCI, and 2-ml aliquots were sealed in 
glass ampuls. The ampuls were heated a t  loo”, withdrawn periodically, 
and cooled to room temperature; then the specific rotation was measured 


Acculute, Anachemia Chemicals. 
Rx X lot 41020, Warner-LambertParke-Davis, Detroit, MI 48232. 
Lot E-1528. Mann Research Laboratories. New York. N.Y. 
Sargent, model DR. 
Car model 11 or 14. 
Perlin-Elmer model 141. 
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COMMUNICA TIONS 


Effect of UV Irradiation and 
Tri t ia t ion on Hydroxyzine 


Keyphrases 0 Hydroxyzine-decomposition by UV irradiation, tri- 
tiation, degradation products o Tranquilizers, minor-hydroxyzine, UV 
photodecomposition, tritiation, degradation products 0 Chlorobenzo- 
phenone-degradation product of hydroxyzine following UV irradia- 
tion 


To the Editor: 
Hydroxyzine, a diphenylmethane minor tranquilizer, 


is commercially available as a tablet, syrup, suspension, 
and solution. I t  is an effective antianxiety agent (1) and is 
particularly useful in its ability to render disturbed pa- 
tients more approachable and amenable to psychotherapy. 
Recently, it was shown to be more effective than cypro- 
heptadine in pruritus treatment (2). 


An aqueous hydroxyzine solution turned dark brown in 
the air (3), and hydroxyzine was photodegraded by UV 
light to give three spots on TLC (4). During the purifica- 
tion of tritiated hydroxyzine for the metabolic study (5), 
the tritiated hydroxyzine solution gradually turned dark 
brown in the air under room light. Therefore, hydroxyzine 
susceptibility to oxidative deterioration in the presence 
of light is apparent. Since the nature of the degradative 
products of hydroxyzine is still unknown, the effect of UV 
irradiation on hydroxyzine was studied. In a preliminary 
experiment, the aqueous hydroxyzine solution turned 
slightly brown in the dark and >90% of'the hydroxyzine 
remained unchanged. 


Three grams of hydroxyzine hydrochloride was dissolved 
in 20 ml of distilled water and irradiated under a UV lamp 
(3660 A, 100 w) a t  a distance of 20 cm for 3 days. The  re- 
action mixture, which was white material in the brown 
solution, was extracted three times with two volumes of 
cyclohexane. The combined extracts were dehydrated over 
anhydrous sodium sulfate and filtered through 10 g of 
activated magnesium silicate in a Buchner funnel. The  
solvent was evaporated f n  U Q C U O ,  and the colorless residue 
was sublimed a t  70' a t  5 mm Hg pressure to give white 
crystals. 


The product was soluble in organic solvent and insoluble 
in water. I t  was negative to Dragendorff and iodoplatinate 
reagents, indicating the absence of a piperazine ring. It was 
positive to the 2,4-dinitrophenylhydrazine test, and its IR 
spectrum showed a strong peak a t  6.1 pm attributable to 
a ketone group. I t  gave a positive Beilstein test, indicating 
the presence of a chloride atom. It fluoresced strongly 
under UV light, implicating a highly conjugated system in 
the structure. The information suggested that the product 
was p-chlorobenzophenone. 


And-Calc. for CI:~H~CIO: C, 72.07; H, 4.7. Found: C, 
71.96; H, 4.24. 


Moreover, the product had TLC behavior, UV (UV,,, 
21 1 and 261 in ethanol) and IR spectra, and a melting point 
(77-78' uncorrected) identical to those of authentic p -  
chlorobenzophenone. Therefore, the product was identi- 
fied as p -chlorobenzophenone. The yield was -13%. The  


mother liquor of the reaction mixture was yellowish brown 
and became darker on standing in the air a t  room tem- 
perature. The  mixture contained a t  least four yellowish 
Dragendorff-positive compounds separable by silica gel 
TLC in chloroform containing 2% methanol. Character- 
ization of the products was not attempted further. 


This finding prompted us to identify the tritiation 
degradation products of hydroxyzine. Hydroxyzine (1 g) 
was tritiated' according to Wilzbach's method (6) by ex- 
posing it to  3 Ci of tritium gas a t  250 mm Hg pressure a t  
26O for 2 weeks. The unpurified product gave five distinct 
dark spots on the fluorogram (7) of the silica gel sheet2, 
developed in cyclohexane-benzene-diethylamine (75: 
15:10), with Rf values and percentages of radioactivity as  
follows: 0, 16%; 0.24, 12%; 0.46, 19%; 0.70, 8%; and 0.88, 
45%. 


The silica gel zones with Rf  0.46 and 0.88 were scraped 
off, purified, chromatographed in other solvent systems, 
and identified as hydroxyzine and p-chlorobenzophenone, 
respectively. The tritiated product was purified according 
to Wilzbach (8). The specific activities of the tritiated 
hydroxyzine before and after purification were 154 and 
16.3 pCi/mg, respectively. The decrease in specific activity 
after purification indicated that  contaminants with high 
specific activities formed during the tritiation procedure 
were removed. 


This study indicates that  hydroxyzine in aqueous so- 
lution is very unstable on UV irradiation and that hy- 
droxyzine is also vulnerable to  tritiation. In either case, 
p-chlorobenzophenone was a main decomposition 
product. 
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theophylline from serum or plasma proteins. The appa- 
ratus is portable and does not require a refrigerated cen- 
trifuge for ultrafiltration. The procedure is ideal for clinical 
investigations because of the small volume of sample re- 
quired. It has potential application to the study of protein 
binding of a wide range of xenobiotic compounds. 
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BOOKS 


REVIEWS 
Formulation and Preparation of Dosage Forms. Edited by J. POL- 


DERMAN. ElseviedNorth-Holland, 52 Vanderbilt Ave., New York, 
NY 10017.1977.307 pp. 16 X 24 cm. Price $37.95. 
This volume presents the proceedings of the 37th International Con- 


gress of Pharmaceutical Sciences (F.I.P.) held in The Hague, The 
Netherlands, September 5-9,1977. The editor states that the book takes 
its title from the main theme of the Congress. 


The first of five sections is Formulation and Preparation of Dosage 
Forms. Three reviews are given on formulation factors affecting drugs 
given by oral route, surface applied drugs, and drugs given parenterally. 
These reviews are preceded by a General Introduction and followed by 
Conclusions and Perspectives. The introduction was more informative 
and better documented than the presentations on the oral route and the 
parenteral route. 


The second section is Drug Substance-Pro-Drugs. The presentation, 
Drug Substances in Particular Pro-Drugs: Problems and Methods of 
Approach, was excellent and provided a wealth of references. The report, 
Analytical Aspects on Pro-Drugs, was informative and well documented. 
Pro-Drugs: Structure Activity Relationships suffers by comparison with 
the other presentations. 


The third section, First Pass Effects, is composed of three lectures 
covering the influence of the route of administration of a substance on 
its bioavailability, drug metabolism associated with the routes of ad- 
ministration, and first pass effects and consequences for the routes of 
administration and dosage form design. The section describes the first 
pass effects and cites examples; however, some statements are redundant. 
Perhaps this repetition is unavoidable with the multiauthor presentations 
of a symposium. 


The fourth section, Mechanism of Drug Release, consists of three 
presentations. Physico-chemical Aspects of Drug Release discusses 
theories of dissolution and dissolution of particles and binary mixtures. 
Solid Dosage Forms: Mechanism of Drug Release gives a simple view of 
the effect of formulation on release. Liberation of Medicaments from 
Semi-solid Bodies Applied to the Skin considers penetration conditions 
of chemical substances through the skin and the role of carrier materials 
in the rate of release of medicaments applied to the skin. 


The final section, Physico-chemical and Technological Aspects, was 
also composed of three Presentations. Powder technology was discussed 
superficially. A description of physicochemical and technological aspects 
of granulation techniques was elemental. A review of the process involved 
in tablet formulation provided some interesting scanning electron mi- 
crographs of compressed tablets; however, i t  did not explain or document 
what might be occurring in the compaction process. The final section was 
the least informative of the five sections. 


As expected in a symposium presented by 17 authors in three lan- 
guages, even after translation into English, the style is not uniform and 
repetition does occur; however, the volume is easily read and provides 
facts and references of interest to anyone concerned with dosage 
forms. 


Reoiewed by Eugene L. Parrott 
College of Pharmacy 
university of Iowa 
Iowa City ,  I A  52242 


Cardiovascular Drugs. Vol. I: Antiarrhythmic, Antihypertensive 
and Lipid Lowering Drugs. Vol. 2: 4-Adrenoceptor Blocking 
Drugs. Edited by GRAEME S. AVERY. University Park Press, 233 
East Redwood St., Baltimore, MD 21202.1978.16 X 24 cm. Vol. 1: 176 
pp. Vol. 2: 230 pp. 
These two volumes comprise two parts of a three-part series entitled 


"Cardiovascular Drugs." The chapters have been revised from popular 
review articles previously published in the Australasian Drug Information 
Services press journal, Drugs. Written by internationally recognized 
authorities in their respective fields, this collected series provides a 
concise and convenient review of the current state of the art  in cardio- 
vascular drug therapy. 


Volume 1 contains four chapters that  review lipid lowering drugs and 
hyperlipidemia, antihypertensive drug therapy, antiarrhythmic agents, 
and clinical pharmacology and therapeutic uses of digitalis glycosides. 
With 51 figures, 19 tables, over 500 references, and an extensive subject 
index, this volume provides valuable and practical information con- 
cerning the appropriate therapeutic use of antiarrhythmic, hypotensive, 
and hypolipidemic drugs. Also included are discussions concerning the 
pharmacological actions, adverse reactions, and combination drug in- 
teractions of these cardiovascular agents. 


Volume 2 contains nine chapters covering the pharmacodynamics and 
pharmacokinetics of @-adrenoreceptor blocking drugs; 8-adrenoceptor 
blocking agents in the treatment of hypertension, angina pectoris, cardiac 


.arrhythmias, and hyperthyroidism; clinical toxicology of propranolol and 
practolol; adverse effects of @-adrenoceptor blocking agents on respira- 
tion; and autoimmune and autoallergy phenomena in patients treated 
with @-blockers. With 20 figures, 27 tables, over 1000 references, and a 
subject index, this book provides a comprehensive review of @-adrenergic 
blocking drugs. 


These well-written and comprehensive volumes are excellent reference 
sources and clinical guides to scientists working in cardiovascular re- 
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search. They are of particular interest to physicians, pharmacologists, 
and toxicologists involved in clinical pharmacology and toxicology. 
Volume 3, “Platelets, Thrombosis and Drugs,” will conclude the “Car- 
diovascular Drugs” series. 


Reviewed by William P. Heilman 
Life Science Division 
7’. R. Evans Research Center 
Diamond Shamrock Corporation 
Painesuille, OH 44077 


Quantitative Drug Design: A Critical  Introduction. Medicinal 
Research Series Vol. 8. By YVONNE CONNOLLY MARTIN. 
Dekker, 270 Madison Ave., New York, NY 10016.1978.425 pp. 15 X 
23 cm. Price $38.50. 
This “how to do it” text is a must for anyone interested in the appli- 


cation of quantitative structure-activity relationship methods to mo- 
lecular design. It will introduce the concepts to the beginner, guide the 
efforts of the intermediate, and provide convenient reference material 
for the professional. 


The introduction gives the topics covered and emphasizes the steps 
in drug design: ( a )  find a lead, ( b )  synthesize and test an exploratory se- 
ries, (c) develop quantitative structure-activity relationship models, and 
(d) optimize the lead with quantitative structure-activity relationships. 
The author then plunges into the “guts and workings” of quantitative 
structure-activity relationships. Some topics covered are: extrather- 
modynamic and dc novo approaches, noncovalent interactions, physical 
properties, biological data, equations relating potency and physical 
properties, regression analysis, statistical evaluation, and a detailed ex- 
ample of extrathermodynamic calculations. 


The text is well written, clear, easy to follow, current, well illustrated, 
and well referenced. Of particular importance are the treatment of sta- 
tistics, the detailed examples, the discussion of biological data, and the 
very practical discussion in Chapter 11, Synthesis to Follow up a Lead: 
How to Start and When to Stop. The Appendixes, which are very useful, 
contain equations and definitions, substituent constants, Wiswesser line 
notation, and sources of computer programs and data bases. 


This hook was much needed and has come a t  a time when the field is 
exploding. It is highly recommended for those interested in quantitative 
structure-activity relationships who want to find out what can and cannot 
be done with the methods and !or those working every day with quanti- 
tative structure-activity relationships who want most of the information 
in one handy place. 


Keoiewed by William P. Purcell 
Drug Design Laboratory 
llnicersily of Tennessee Center 


Memphis, TN 38103 
for the Health Sciences 


Marihuana Research Findings: 1976. NIDA Research Monograph 
14. Edited by ROBERT C. PETERSEN. National Institute on Drug 
Abuse, 11400 Rockville Pike, Rockville, MD 20852. 1977.251 pp. 15 
X 23 cm. 
The National Institute on Drug Abuse (NIDA) regularly publishes 


research monographs on various aspects of abused drugs. This book, like 
many of its predecessors, is useful to workers in the area or those con- 
templating future endeavors in that area. The book contains nine chap- 
ters, each representing an area of research interest that in general reflects 
NIDA grant activity in marihuana research. Most chapters have been 
written by experts in the field. A preliminary summary of marihuana 
findings by the editor is quite readable and was the text for the sixth 
edition of the Marihuana and Health Report. 


Chapter 1, written by William McGlothlin, gives an excellent overview 
on the epidemiokxical research findings with marihuana usage during 
the past 10 years, with emphasis on recent findings. Chapters 2 and 3, 
by Ralph Karler, cover the chemistry, metabolism, toxicology, and 
pharmacology of marihuana. These chapters appear to be the weakest 
in the book. The reader has considerable difficulty following the text 
without benefit of chemical structures. Particularly was this problem true 
with the synthetic analogs of marihuana. Surprisingly, there was no 


mention in Chapter 2 of the NIDA-sponsored symposium on marihuana 
assays in humans detailed in Monograph 7. (In the summary by the ed- 
itor, cf., p 12, this symposium was referenced.) 


Chapters 4-6, by Douglas Peter Ferraro, cover the research on be- 
havioral effects, most of which comes from animal studies. Chapter 7, by 
Reese Jones, is the best organized and perhaps the most useful to re- 
searchers starting in this area. This chapter covers the myriad of human 
effects known to occur from marihuana smoking or administration of 
individual cannabinoids. Chapter 8, by Steven Matsuyama and Lissy 
Javrick, details the rather limited knowledge available on genetic and 
immune responses in animals and humans. The final chapter, by Sidney 
Cohen, takes a sort of anecdotal approach to therapeutic aspects of 
marihuana use. Sections on intraocular pressure reduction, bronchodi- 
lation, and anticonvulsant work certainly emphasized some positive ef- 
fects found for various cannabinoids which are not necessarily found in 
marihuana. 


The book is an excellent source for recent references in the marihuana 
area and is recommended mainly for that  reason. Yet the newcomer in 
marihuana research should be forewarned that this short thesis cannot 
completely cover the vast literature of this field. 


Reuiewed by Jimmie L. Valentine 
BioA nalyt ic Laboratory 
School of Pharmacy 
University of Missouri-Kansas City 
Kansas City, MO 64108 


Aliphatic Chemistry, Vol. 5,  A Specialist Periodical Report. Edited 
by A. McKILLOP et al. The Chemical Society, Burlington House, 
London WIV OBN, England. 1977. xii + 337 pp. 14.5 X 22 cm. Price 
$47.00. Available from Special Issues Sales, American Chemical So- 
ciety, 1155 Sixteenth St., N.W., Washington, I!C 20036. 
In the fifth volume of the Specialist Periodical Reports on aliphatic 


chemistry, the authors and editor maintain the excellent quality and the 
well-organized format of the previous volumes. This volume is composed 
of four chapters that survey the literature published during 197s and one 
chapter (Chapter 5) that summarizes the literature for the 2-year period 
of 1974-1975. 


The literature dealing with alkanes, acetylenes, allenes, and olefins 
was contrihuted by ,J. C. Saunders and B. P. Swann, who were also 
coauthors of the corresponding chapter in Volume 4. The task of com- 
piling Chapter 2--by far the longest in this volume-on compounds with 
other functional groups (carhoxylic acids and their derivatives, nitriles 
and isocyanides, aldehydes and ketones, alcohols, amines, alkyl halides, 
ethers, and other types of aliphatic compounds) was performed by E. F. 
V. Scriven. Dr. Scriven maintains the high standards set hy E. W. Colvin, 
who so ably contributed the analogous chapters in all of the preceding 
volumes. 


Progress in the areas of naturally occurring polyolefinic and polya- 
cetylenic compounds (Chapter 3) is reviewed for the fourth consecutive 
year by C. Pattenden. This chapter summarizes reports dealing with 
detection and isolation, structure elucidation, and syntheses of these 
unsaturated natural products. Included are not only open-chain, alicyclic, 
and simple heterocyclic natural products containing polyolet’inic and 
polyacetylenic moieties but also more complex compounds. such as the 
macrolide and ansamycin antibiotics. The view, formerly held, that 
halogen-containing compounds are rare in nature is refuted hy this 
chapter and its predecessors in earlier volumes, particularly by the sec- 
tions that treat compounds from marine sources. 


Chapter 4 on prostaglandins by K. W. Mallion reflects a resurgence 
of interest in syntheses of prostaglandins and their analogs. Synthesis 
routes are amply illustrated with structures and schemes. In Chapter 5, 
F. D. Gunstone surveys the literature of 1974 and 1975 on the biology, 
chemistry, and biochemistry of fatty acids and related compounds. 


It is becoming difficult to review the volumes of this series without 
becoming repetitiously laudatory. The fact remains that this volume and 
its predecessors provide admirahle surveys of the annual literature in the 
specified areas; collectively, they constitute valuable reviews of the recent 
literature (1970-1975) of these areas. It is still a marvel that  such com- 
prehensive coverage of specific (Chapters 3-5) and general (Chapters 1-2) 
topics is presented in a concise, informative, and well-organized style. 


Reviewed by Y. F. Shealy 
Southern Research Institute 
Airmingham, AL 3.5205 
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Kinetics and Mechanism of Hydrolysis of 
1 - (2’-Acetoxybenzoyl) -2-deoxy-a-~-glucopyranose, a 
Novel Aspirin Prodrug 


ANWAR HUSSAIN x, J. TRUELOVE, and H. KOSTENBAUDER 


9 Received May 1, 1978, from the College of Ph rmacy, University of Kentucky, Lexington, K Y  40506. 
1978. 


Accepted for publication August 7. 


Abstract  The formation rate of aspirin from the prodrug was deter- 
mined as a function of the pH, temperature, and dielectric constant of 
the solvent spectrophotometrically and was confirmed by high-pressure 
liquid chromatography. Aspirin formation was first order with respect 
to the prodrug and zero order with respect to the hydroxide-ion con- 
centrations. The hydrolysis rate was independent of buffer concentration 
but very sensitive to the dielectric constant of the solvents. The half-life 
for the formation of aspirin a t  37’ was 7 min. The activation energy for 
the hydrolysis was 23.7 kcahole .  The results suggest that the hydrolysis 
of the prodrug to aspirin proceeds by an SN1-type mechanism. 


Keyphrases 0 1-(2’-Acetoxybenzoyl~-2-deoxy-cr-~-glucopyranose- 
aspirin prodrug, kinetics and mechanism of hydrolysis, effect of pH, 
temperature, and dielectric constant 0 Aspirin prodrug-kinetics and 
mechanism of hydrolysis, effect of pH, temperature, and dielectric con- 
stant Prodrugs, aspirin-kinetics and mechanism of hydrolysis, effect 
of pH, temperature, and dielectric constant 0 Hydrolysis-aspirin 
prodrug, kinetics and mechanism, effect of pH, temperature, and di- 
electric constant 


Oral administration of aspirin induces gastric irritation 
and bleeding (1-3) because of local irritation of the gastric 
mucosal membrane by the very acidic aspirin particles. 
One approach to minimizing this side effect is to mask the 
acidic carboxyl group of aspirin reversibly uia a prodrug. 
Upon administration, the neutral derivative dissolves first 
and then hydrolyzes, generating aspirin in solution. 


Classical esterification of the carboxyl group of aspirin 
results in nonirritating but insoluble species, which do not 
revert to aspirin. For example, the methyl ester of aspirin 
hydrolyzes to methyl salicylate (4). Another neutral aspirin 
derivative, aspirin anhydride, was absorbed slowly and 
incompletely (5) and was highly immunogenic (6). 


An acylal-type derivative can lead to a prodrug that 
cleaves rapidly to aspirin (7). This report describes the 
hydrolysis kinetics of 1-(2’-acetoxybenzoyl)-2-deoxy-a- 
D-glucopyranose (I). 


EXPERIMENTAL 


Material and Equipment-Compound I was synthesized and char- 
acterized in this laboratory’. Prodrug I was characterized by elemental 
analysis. 


Anal.-Calc. for CISHISOR: C, 55.20; H, 5.57. Found: C, 55.35; H, 
5.59. 


HOCH, 
I 


0 
I 


I A. Hussain, d. Truelove, and H. Kostenhauder. unpuhlished work. 


In addition, the I3C-NMR, ’H-NMR, and IR spectra are consistent 
with the structure of I. All reagents were of high quality; aspirin USP, 
spectral grade dioxane, deuterium chloride, and deuterium oxide were 
used without further purification. 


A recording spectrophotometer2 and a high-pressure liquid chroma- 
tograph3 with a detector4 were used. The instrument and column con- 
ditions for high-pressure liquid chromatographic (HPLC) analysis were: 
column, 2.6 mm i.d. X 3 X 0.5 m long, packed with pellicular polyamide 
adsorbent5; detector, UV at 254 or 280 nm; mobile phase, 1.7% phosphoric 
acid in water; flow rate, 1.5 ml/min; pressure, 1OOO-1100 psi; and internal 
standard, benzoic acid. 


The concentration of aspirin generated from the prodrug was calcu- 
lated from the peak height using a standard solution of aspirin. The pH 
of the solutions was measured using a research pH meter, and the tem- 
perature was maintained constant a t  the desired value using a circulating 
water bath. 


Kinetic Measurements-The I hydrolysis rate was determined by 
the spectrophotometric method. Solutions of about 5 mg of com- 
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Figure I-Specbal changes due t o  the formation of aspirin from the, 
prodrug as a function of time at 28’ and pH 6. Key  (elapse time from 
t o  in minutes): 1.0; 2,20; 3, 40; 4,60; 5.80; 6, 100; 7, 120; and 8,  140. 


2 Cary m d e l  15. :’ Elmer model 1220. 
4 DuPont model 8:15. 
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Figure 2-First-order plot for the hydrolysis of the prodrug to aspirin 
at pH 6 and 28". 


pounds/ml were prepared and maintained a t  25,27,30, or 37" in a cir- 
culating water bath. At appropriate time intervals, 200 pl of the reaction 
mixture was added to 3 ml of buffer a t  the desired pH in a I-cm path 
length spectrophotometer cell; after inverting the cell several times to 
ensure a uniform mixture, the absorbance was observed a t  285 nm against 
a blank consisting of the buffer only. 


Observed first-order rate constants were obtained by linear regression 
analysis of log [A, - A,] = k/2.303(t) + bfi. In some cases, where the 
absorbance value at  time infinity (seven half-lives) was not available due 
to conversion of aspirin to salicylic acid, rate constants were obtained by 
linear regression analysis of log [SAlAt ]  = k/2.303(t) + b. 


To verify that the decreasing absorbances observed in the spectro- 
photometric method were indeed the result of generation of aspirin from 
the prodrug, an HPLC experiment was performed. 


A solution of the prodrug a t  the desired pH was maintained a t  22", and 
4-pl aliquots were injected periodically onto the column. The aspirin 
appearance rate was then estimated from the slope of the line of points 
generated by plotting log aspirin [peak height ( t  = m) - peak height ( t ) ]  
uersus time. 


Buffers employed were hydrochloric acid (pH 1-2), citrate (pH 3), 
acetate (pH 4-6), and phosphate (pH 7-9). Ionic strength was adjusted 
with potassium chloride (usually to 0.1 ). In addition, a buffer dilution 
experiment was carried out with acetate buffers at  pH 4.75 and a constant 
ionic strength ( I  M )  over a 10-fold concentration range. 


Solvent dielectric effects were determined a t  37" with solutions of di- 
oxane in acetate buffer (pH 4.75) a t  concentrations of 0,10,20, and 25% 
(v/v) dioxane. The dielectric constants of the mixtures were taken to be 
those of Akerlof and Short (8). Solvent deuterium isotope effects were 
determined a t  25" and pD values of 5.2 and 1.35 utilizing acetate-deu- 
terium chloride and deuterium chloride buffers, respectively. 


All pH measurements were made with a research pH meter with a glass 
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Figure 3- T h e  pH-rate profile for the hydro1ysi.r of the prodrug t o  
aspirin at 37' and p = 0.1. 
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Table I-Half-Lives of Hydrolysis of I to Aspirin as a Function 
of pH at 37" 


PH t l / ~ n ,  min 


3 
4.6 
6.4 
8 
9 


7 
7.1 
7.0 
7.02 
7.0 


Each value is the average of three determinations. 


electrode7. The glass electrode gives the correct pH reading in dioxane- 
water mixtures. For deuterium oxide solutions, the relationship pD = 
pH meter reading +0.4 was employed (9). 


H ES U LTS 


The hydrolysis rate of the prodrug to aspirin was followed spectro- 
photometrically a t  285 nm. Figure 1 shows the change in absorbance as 
a function of time a t  pH 6 and 28O. Figure 2 shows a first-order plot of 
At - A,  uersus time. T o  obtain an independent check on the spectro- 
photometric data, the hydrolysis rate also was determined hy HPLC by 
measuring aspirin appearance as a function of time. 


A semilog plot of aspirin [peak height ( t  = 4 - peak height ( t  )] uersus 
time resulted in a straight line. Furthermore, a t  the completion of the 
reaction, 1 mole of aspirin was formed from every mole of the prodrug. 
Figure 3 and Table I show the effect of pH on the prodrug hydrolysis rate. 
Figure 4 shows the effect of the dielectric constant of the solvent on the 
I hydrolysis rate. 


The effect of temperature also was determined a t  pH 5.6 (Fig. 5). The 
activation energy was 23.7 kcal/mole, and the entropy of activation was 
+5 eu. The solvent deuterium isotope effect, determined a t  25" and pD 
5.2, gave a ratio of 0.86 for k ~ ~ , o / k ~ , o ~ .  


h 


2.0 "1\ 


0.084 


0.061 


0 .02 i  


\ 


t a . 1 2 


l / c  x 10' 


Figure 4--Plot vf thr  log o f t h r  obserucd rate of hydrolysis of the pro- 
drug at pH 4.7,5, 57". and p = I ns o function of  l / t  ( ~ f  thP solcent. 


7 Heckman model 1019. 
8 The ohserved first-order rates c i f  hydrolysis ot I at  25' in acetate-Idlered 


deuterium chloride and water are 0.0170 and 0.01'38 min-', respectively. 
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Figure 5-Arrhenius plot for thc hydrolysis of the prodrug at pH 
5.6. 


Buffer concentrations of up to 1 M acetate buffer a t  pH 5.4 did not 
affect the hydrolysis rate. 


DISCUSSION 


The hydrolysis of the prodrug to aspirin followed first-order kinetics. 
The most likely mechanism occurring in the pH 3-9 range is an uncata- 
lyzed unimolecular decomposition. The absence of buffer catalysis and 
the slightly positive entropy of activation make catalysis by water unlikely 
(10). Additionally, the pronounced effect of the solvent dielectric constant 
on the hydrolysis rate provides evidence for increasing separation of 
changes in the transition state. Finally, the absence of‘a significant solvent 
deuterium isotope effect provides evidence that specific acid catalysis 
is not occurring a t  this pH range. 


n 0 


0 


111 


Based on these data, it is possible that I hydrolysis proceeds uia the 
formation of the charged intermediate ( I I ) ,  which then undergoes simple 
CO bond cleavage, generating aspirin. In the same pH range, the hy- 
drolysis rate of the corresponding pyran derivative (111) proceeds by a 
factor of 60 times faster than prodrug 1’. 


The data presented show that the transient blocking of the acidic 
carboxylic group of aspirin hy formation of deoxyglucose acylal-linked 
derivatives can result in a prodrug that regenerates aspirin a t  an  ac- 
ceptable rate independent of pH. Such a compound could potentially 
reduce the GI liability of aspirin by presenting a neutral molecule to the 
gastric membrane. Plans are underway to test this concept in uiuo. 
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Abstract 0 A comprehensive kinetic study was conducted of the reac- 
tions of m-nitrobenzhydrazide and some other hydrazines with acetic 
acid. The overall reaction rate for all of the compounds studied followed 
pseudo-first-order kinetics. The temperature dependence of the m-ni- 
trobenzhydrazide degradation reaction was determined. The reaction 
rate dependence on the acetic acid concentration was found to be close 
to first order. High-pressure liquid chromatography was used extensively 
in identifying and measuring the appearance or disappearance rates of  
rn -nitrobenzhydrazide degradation products in acetous solution. With 
m-nitrobenzhydrazide, the major degradation products were N,N‘- 
his(m-nitrohenzoyl)hydrazine, N-acetyl-N’-m -nitrobenzoylhydrazine, 


diacetylhydrazine, and hydrazine. The concentration profiles of’ these 
prtducts in solution suggested a complex mechanism by which hydrazides 
react with acetic acid. All eight rate constants a t  61’ in the suggested 
mechanism were calculated hy an approximation method hased on ex- 
perimental data. The findings in the present study indicate that acetic 
acid is to be avoided as a solvent lnr hydrazine derivatives. 


Keyphrases 0 m-Nitrobenzhydrazide-kinetics and mechanism of 
reaction with acetic acid 0 Hydrazine derivatives-kinetics and mech- 
anism of reaction with acetic acid 0 Kinetics- reactions of hydrazines 
with acetic acid 


Hydrazides and other hydrazine derivatives constitute 
a large and important class of organic compounds and have 
long been used in the chemical and pharmaceutical fields. 


In analytical chemistry, they are used as good quantitative 
carbonyl reagents. Although hydrazides are weaker bases 
than other hydrazine derivatives and, therefore, possess 
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Table IV-Effect of Phenylalanine and N-Acetylphenylalanine 
on the Inhibition (Percent) by Trifluoroacetyl-p-fluoro-DL- 
pheny lalanine 


N-Trifluoroacetyl-p -fluoro-DL- 
Dhenvldanine - -  


Reversing Agentb 0 1.43 mM 3.58mM 7.16 mM 


None 0 6  21 40 
L-Phenylalanine (6.05 mM) +4 9 22 41 
N -  Acetyl-L-phenylalanine (4.82 8 12 25 47 


mM) 
~ ~~~ 


a Maximum growth of controls containing no inhibitor WBB 141 Nett  unita. b Final 
concentration of 1 mg/ml. Figures in parentheses are molar equivalents. 


of these amino acids and amino acid analogs is independent of the activity 
of the free parent amino acid. While free p-fluoro-DL-phenyldanine and 
#?-3-thienyl-DL-danine showed considerable activity, their corresponding 
trifluoroacetyl derivatives did not show as much activity; o-fluro-DL- 
phenylalanine, m-fluoro-DL-phenylalanine, and &2-thienyl-DL-alanine, 
which showed no activity as free amino acids, showed considerable ac- 
tivity a~ the trifluoroacetyl derivatives (cf., 3). 


I t  is difficult to propose any mechanism of such inhibition. Interference 
with phenylalanine metabolism may be involved, since all trifluoroacetyl 
compounds showing activity are analogs of phenylalanine. 


A study was made to note if the inhibition could be overcome or re- 
versed by the addition of suitable quantities of the natural metabolite. 
In a series of experiments, the active trifluoroacetyl derivative was 
challenged by various levels of a natural metabolite and of a noninhibitory 
acyl derivative. No significant degree of reversal was observed with either 
phenylalanine or acetylphenylalanine (Table IV). This observation, 


however, does not rule out the involvement of phenylalanine because the 
area of inhibitory action could be beyond the point of participation of 
these compounds as free amino acids or as simple acyl derivatives in its 
metabolic pathway. More sophisticated studies are required to learn the 
mechanism of inhibition. 


In view of the involvement of the trifluoroacetyl derivatives of only 
phenylalanine-related compounds in this screening system, consideration 
of these compounds as potential inhibitors of melanomas, wherein the 
metabolism of phenylalanine is believed to be intimately associated, may 
be of value. These compounds are now being prepared in larger quantities 
in preparation for testing in mammalian systems, especially in mela- 
nomas. 
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Abstract 0 A physicochemical procedure for the analysis of vidarabine 
in aqueous parenteral formulations was needed to assure potency and 
to define stability. Concurrent with the development of this method, its 
decomposition products and route in aqueous solution were determined. 
A quantitative procedure was developed to determine intact drug in the 
presence of decomposition products, and the results obtained were val- 
idated by microbial assay. Spectral (UV and polarimetric) and TLC ev- 
idence indicated that, in aqueous solution, hydrolysis without racemi- 
zation occurs, yielding adenine and arabinose. The sensitivity of the 
method to decomposition is improved by ion-exchange separation of 
adenine and drug before UV measurement. Analysis of partially de- 
composed solutions of the drug by both ion-exchange and microbiological 
methods gave comparable results. 


Key phrases 0 Vidarabine-stability-indicating assay, analysis in 
aqueous parenteral formulations, behavior in aqueous solutions, analysis 
in the presence of decomposition products 0 Parenterals-analysis of 
vidarabine stability 0 Stability-vidarabine in aqueous parenteral for- 
mulations 


Vidarabine (9-@-D-arabinofuranosyladenine, Vira-A 
or Ara-A) is an antiviral agent with marked activity in uitro 
and in uiuo against a wide spectra of DNA viruses (1-8). 
It also inhibits DNA synthesis in bacteria (9), in mouse 
fibroblasts in cell culture (lo), and in experimental tumors 
in mice (11, 12). 


Since the dosage form being developed is essentially 
aqueous, information pertinent to the drug’s chemistry in 


an aqueous system is of value for predicting characteristics 
of the finished formulation and designing a stability-in- 
dicating assay. This paper presents a physicochemical 
procedure for the analysis of vidarabine in aqueous par- 
enteral suspension needed to assure potency and define 
stability. 


EXPERIMENTAL 


Chemicals a n d  Reagents-All chemicals used in the preparation of 
0.2 M borate buffer and 0.1 M phosphate buffer were reagent grade and 
were used without further purification. The hydrochloric acid solutions 
were prepared from a prestandardized volumetric solution’. Vidarabine 
was an experimental batch2; adenine? was obtained from a commercial 
source. 


Instrumentation-A direct-reading digital pH mete+ was used. UV 
spectra were obtained using a recording UV spectrophotometer5. The 
specific rotation was determined using a polarimetere. 


Degradation OF Vidarabine in Acidic Solution-A 1% solution of 
vidarabine was prepared in 0.1 N HCI, and 2-ml aliquots were sealed in 
glass ampuls. The ampuls were heated a t  loo”, withdrawn periodically, 
and cooled to room temperature; then the specific rotation was measured 


Acculute, Anachemia Chemicals. 
Rx X lot 41020, Warner-LambertParke-Davis, Detroit, MI 48232. 
Lot E-1528. Mann Research Laboratories. New York. N.Y. 
Sargent, model DR. 
Car model 11 or 14. 
Perlin-Elmer model 141. 
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Table I-Observed Specific Rotation as a Function of Time 
[a]*6" (I%, 0.1 N HCl) 


589 nm 436 365" 
Hours (sodium D) nm nm 


0 
0.5 
1 
2 
4 


t5 .8  +6.6 -2.3 
-49.7 -96.2 -146.3 
-54.0 -104.9 -159.0 
-55.2 -107.3 -162.2 
-55.2 -107.6 -162.2 


Expectedrotationb -55.1 -106.0 -160.0 


It is advantageous to follow the degradation at 365 nm since the specific rotation 
of arabinose i s  greater a t  this wavelength than a t  589 nm. * Based on rotation of 
equimolar solution of D-arabinoae. 


at  589,436, and 365 nm. After the polarimetric determination, 1-ml ali- 
quots were diluted 250-fold in 0.1 N NaOH (50 times and then five times) 
for UV determination a t  278 and 260 nm. The remaining portions of the 
solutions were stored a t  4' until the run was completed. 


Aliquots of 20 rl were spotted sequentially on a 20 X 20-cm thin-layer 
plate coated with silica gel F-2547. The plate was developed in ethanol- 
acetic acid (982) and then viewed under short wavelength UV light (254 
nm) for the detection of vidarabine and adenine. The percent of vidara- 
bine remaining a t  any time during hydrolysis was calculated from the 
polarimetric data as follows: 


% vidarabine remaining = ) X 100 (Eq. 1 )  


where [a]~21tl~ and [a]:5 are the specific rotations obtained initially and 
a t  time t a t  a specified wavelength, respectively, and A [ n ] z a  is the total 
change in specific rotation a t  time zero and a t  time infinity. 


From the UV spectrophotometric data: 


) X 10-3 (Eq. 2) 
A260 - A278 X 1.291 [ 10.67 Cvidarabine = 


) X (Eq. 3) 
- A260 X 0.237 


Cadenine = (AP7' 5,13 


) X 100 (Eq.4) 


where Cv,darablne and Cadenlne are the molar concentrations of vidarabine 
and adenine at  any time during hydrolysis, and A260 and A278 are the 
absorbances a t  260 and 278 nm, respectively. 


Solubility Studies-An excess amount of vidarabine (or adenine), 
30-50 mg, was placed in each of several equilibration vials (21 X 70 mm, 
16 ml) containing 10 ml of water or 0.2 M borate buffer of a suitable pH. 


Cvidarabine 


Cvidarabine t Cadenine 
% vidarabine remaining = 


u 
'220 240 260 280 300 320 


NANOMETERS 


Figure I-UV spectra of oidarabine and adenine in 0.1 N NaOH 


Merck 


Table  11-Recovery Studies 


Vidarabine Adenine 
Taken Taken 


in 20-1111 in 20-ml Vidara bine 
Sample, Sample, Found, Recovery, 


me mg mg % 


1.545 
1.545 
1.440 
1.440 


1.545 
1.545 
1.413 
1.484 


Average 


Average 


0 
0 
0 
0 


0.76 
0.76 
0.75 
1 .oo 


1.516 
1.524 
1.420 
1.420 


1.499 
1.496 
1.372 
1.473 


98.2 
98.6 
98.6 
98.6 m 
97.0 
96.9 
97.2 
99.4 
97.6 
- 


The vials were tumbled end-over-end in a constant-temperature water 
bath (20') for at least 24 hr, and then the pH of the mixture was deter- 
mined. The mixture was then centrifuged, and an aliquot of the clear 
supernate was diluted 25-fold in 0.1 M pH 7 phosphate buffer (further 
dilution was made if necessary). 


The UV spectrum of the diluted solution was recorded using 1-cm silica 
cells and 0.1 M pH 7 phosphate buffer as blank. The solubility of vidar- 
abine (or adenine) was calculated as follows: 


mg of vidarabine (or adenine)/ml = 7 A h ,  X 10 X D (Eq. 5) 


where Ah- is the absorbance a t  A, (260 nm for vidarabine and 261 nm 
for adenine), Ei is the absorbance (540 for vidarabine and 981 for adenine) 
of a 1% solution a t  A,,,, and D is the dilution factor. 


Recovery Studies-A 250-ml volumetric flask was positioned beneath 
a glass chromatographic column (1 X 30 cm with polytef stopcock) pre- 
viously packed with 2 g of 50-100-mesh Dowex 1-X4, chloride form (well 
soaked in water and washed with 100 ml of water prior to use). A 20-ml 
aliquot of sample solution in 0.2 M pH 10 borate buffer, either a synthetic 
mixture of vidarabine (75 pg/ml) and adenine (50 pg/ml) or a degraded 
solution of vidarabine, was charged onto the column. The column was 
subsequently eluted with 0.2 M pH 10 borate buffer until 250 ml was 
collected. 


The UV spectrum of the solution was recorded using 5-cm silica cells 


El 


I 1 I I I 1 
5 10 15 20 25 30 


MINUTES 


Figure 2-Hydrolysis of vidarabine at 100'. Key: t, spectrophotometry; 
and 0, polarimetry. 
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V I D A R A B I N E ~  aim 
ADENINE- 


Figure 3-TLC separation of vidarabine solution degraded in 0.1 N HC1 
at 100'. The plute was silica gel F-2-51, the deueloper was ethanol-acetic 
acid (98:2), and detection was by shortwaue UV light (254 nm). 


and 0.2 M, pH 10 borate buffer as the blank. The content of vidarabine 
was calculated as follows: 


mg of vidarabine found = - A260 X 1 0 x 2 5 0  (Eq.6) 


Formulation Analysis-Column Preparation-A slurry of 0.5 g 
QAE-Sephadex A-25, chloride forms, with distilled water was prepared 
and allowed to hydrate overnight. The hydrated resin slurry was then 
poured into a chromatographic column9. After settling, the resin was 
converted into borate form by washing the column with 125 ml of 0.1 M, 
pH 10 borate buffer. A layer of solvent was always maintained above the 
resin bed. 


Sample Preparation-Depending on the label claim, 2 ml of the ho- 
mogeneous suspension was transferred into a volumetric flask with ad- 
equate size such that each milliliter contained 0.4 mg of vidarabine. The 
flask was half-filled with distilled water and heated on a steam bath with 
occasional shaking until the drug was completely dissolved. The solution 
was then cooled to room temperature and brought to the mark with dis- 
tilled water. Twenty milliliters of the resulting solution was further di- 
luted to 25 ml with 0.5 M, pH 10 borate buffer and mixed well. 


Procedure-A 50-ml volumetric flask was positioned beneath the 
previously prepared ion-exchange resin column. Three milliliters of the 
alkaline sample dilution was charged onto the column and allowed to flow 
through the resin bed a t  a rate of approximately 1 ml/min. The column 
was eluted with 0.1 M, pH 10 borate buffer until 50 ml was collected. 


The UV spectrum of the eluate was determined over the 320-220-nm 
region using I-cm silica cells and 0.1 M, pH 10 borate buffer as the blank. 
The content of vidarabine in the sample was calculated as follows: 


540 X 5 


A260 25 50 V 
mg of vidarabinehl = - X 10 X - X - X - 540 20 3 2 (Eq. 7) 


where V is the volume (milliliters) of the volumetric flask used for the 
sample preparation. 


RESULTS AND DISCUSSION 


Past work showed that vidarabine could be hydrolyzed to yield D- 
arabinose and adenine according to Scheme I. T o  determine whether this 


NHI 


H WH OH H 


Scheme I 


+ barabinose 


Pharmacia Fine Chemicals, Piscataway, NJ 08854. This resin was referable 
because it roduced leaa extraneoua abaor tion at analytical wavelengtL 


@ Sephajei column, k9/15, Pharmacla Rne Chemicals, Piscataway, NJ08854. 


Table 111-Comparison of Results by Ion-Exchange and 
Microbiological Assays 


Residence 
Time of 


Vidarabine 
in 0.1 


N HCI Vidarabine Found, mg 
in Steam Ion 


Bath. min Microbioloeical Exchanee-UV 


0 
4 
7 


10 
13 


288O 
260 
189 
153 
109 


302O 
232 
178 
139 
112 


300.9 mg of vidarabine waa initially taken. 


reaction constituted the only likely route of drug decomposition under 
these environmental conditions, the hydrolytic reaction was monitored 
by two independent procedures, one sensitive to possible changes in the 
optically active pentose moiety and the other sensitive to change in the 
adenine part of the molecule. Correlation of resulta by either method 
provides strong evidence for the occurrence of only one reaction and 
identifies degradation products that  could interfere. 


The specific rotation of vidarabine is rather small while that  of D- 
arabinose is substantial. Any process that yields D-arabinose changes the 
observed specific rotation. If D-arabinose is the only carbohydrate 
product of the reaction, e.g., if racemization of either drug or D-arabinose 
does not occur, then the rotation of a completely hydrolyzed drug sample 
could be predicted based on the known rotation of the sugar. Comparison 
of observed results from a spent reaction mixture with those expected 
indicates whether or not racemization occurs. 


Polarimetric data obtained on drug solutions subjected to hydrolytic 
conditions are given in Table I. The observed specific rotation changed 
with time for up to 2 hr. The rotation after completion of the reaction was 
that  expected for an equimolar solution of D-arabinose. 


Change in the adenine portion is conveniently monitored spectro- 
photometrically. The UV spectra of vidarabine and adenine differ 
maximally (Fig. 1) when determined in 0.1 N NaOH. This spectral dif- 
ference, although not great, is adequate for the analysis of mixtures 
containing both where decomposition is in the 20-8096 range. The com- 
position of such mixtures can be determined by using observed absor- 
bancy readings a t  278 and 260 nm (wavelengths of maximum difference) 
and application of the conventional mixture formula. 


I I I 
5 10 14 


PH 


Figure 4-Solubility profiles of vidarabine (0) and adenine (0) in 
borate buffer a t  20'. 
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Table IV-Analysis of Vidarabine Parenteral Suspension Stored at Various Temperatures 
Percent of Label Claim 


Storage Time, 25’’ or gob 38’ a or 25’* 45’ 
weeks UprightC Invert Upright Invert Upright Invert 


- Batch A 
Initial 100.3 
78 
156 


Batch B 
Initial 100.2 
39 - - 100.9 99.9 98.4 102.9 
104 100.8 99.0 100.3 100.4 101.7 102.4 


- - - - 
100.8 97.7 - - 102.2 102.3 
100.3 99.4 100.9 101.7 - - 


- - - - - 


0 Batch A. * Batch B. c Vial position. 


NANOMETERS 


Figure 5-Sequential spectra of vidarabine maintained at 100’ in 0.1 
N HCI. Left: Spectra obtained after diluting 12.5-fold into 0.2 M, p H  
I0 borate buffer. Right: Spectra obtained after passing solution through 
ion-exchange resin column. Residence times in 0.1 N HCL at 100’ were: 
initial (I), 4 rnin (2), 7 min (3), 10 rnin (4) ,  13 rnin (5), and 2.5 hr (6). 


4.7 1 
4.5 -7 I 


2 4 6 8 10 12 14 
MINUTES 


Figure 6-Least-squares best fits for microbiological (e) and ion- 
exchange-UV (0) data. 


Internal consistency requires that analysis of partially degraded so- 
lutions of vidarabine by polarimetric and UV methods yield the same 
result. Therefore, 1% solutions of vidarabine were prepared, subdivided 
in sealed ampuls, and heated at  100’. Samples were withdrawn periodi- 
cally, diluted in 0.1 N NaOH for UV determination, and used directly 
for optical activity determination. 


The results obtained (Fig. 2) demonstrate that the only process oc- 
curring is uncomplicated hydrolysis of the N-glycoside linkage without 
racemization or other side reactions. This result was also confirmed by 
TLC analysis (Fig. 3). 


While more complete information is now available concerning the route 
of decomposition in an aqueous system, work is still necessary to provide 
analysis of the dosage form. The specific rotation of the drug is too low 
to have analytical utility, and the UV spectral properties of vidarabine 
and adenine are such to preclude sensitive analysis. Drug analysis requires 
that the experimentally determined quantity be a direct measure of drug 
content and that information regarding identity be obtained simulta- 
neously. A method that separates drug from likely decomposition prod- 
ucts would have value. 


Results obtained from a study of solubility as a function of pH (Fig. 
4) show that vidarabine is a weaker acid than adenine by a difference of 
approximately 2 pKa units. This difference in acidity should make fea- 
sible their separation via ion exchange. Adenine a t  pH 10 is roughly 50% 
ionized and would be expected to be retained on m anion-exchange resin. 
Vidarabine would exist as a neutral molecule and should not be retained. 
Known solutions of vidarabine alone and admixed with adenine were run 
through an anion-exchange column, giving the results summarized in 
Table 11. 


Sequential UV spectra (Fig. 5) were obtained on a hydrolyzed solution 
of vidarabine after (a) direct dilution and (b) passage through the ion- 
exchange column. The spectra obtained by direct dilution change from 
those produced by vidarabine to those that arise from adenine. The 
spectra obtained after ion-exchange separation are those from vidarabine 
only. Results calculated from these spectra plot well as a first-order re- 
action and compare favorably with microbiological results. 


Since this drug is an antiviral agent, any physicochemical method used 
for assay should reflect potency in the same manner as would microbio- 
logical analysis. Therefore, samples were analyzed microbiologically for 
comparison with results obtained by the ion-exchange procedure (Table 
111). Intuitively, after allowance for the anticipated variance of the mi- 
crobiological method, the results appear in good agreement. 


Statistically, both sets of data yielded information that, when plotted 
as a first-order reaction, gave straight lines with the same slope (Fig. 6). 
The “scatter,” as measured by the correlation coefficient, was signifi- 
cantly less for ion-exchange results than microbiological results (0.9988 
versus 0.9775). 


Table IV summarizes the data obtained from two batches of vidarabine 
parenteral suspensions during stability evaluation. The data are in good 
agreement with the label claim. The overall average recovery was 100.6%, 
with a standard deviation of 1.5%. 


In summary, a physicochemical stability-indicating procedure was 
developed for vidarabine parenteral formulations. The procedure is 
simple and yields results consistent with the microbiological method. 
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Abstract  0 A rapid, sensitive, and specific GLC method for the quan- 
titation of trihexyphenidyl hydrochloride in various pharmaceutical 
dosage forms is described. The procedure involves chloroform extraction 
of the active ingredient from a weakly acidic solution, followed by GLC 
determination using a 3% methyl silicone column. The specificity of the 
system in relation to several compendial drug analogs also is reported. 


Keyphrases o Trihexyphenidyl hydrochloride-GLC analysis in various 
pharmaceutical dosage forms, analogs 0 GLC-analysis, trihexyphenidyl 
hydrochloride, in various pharmaceutical dosage forms, analogs 0 An- 
tiparkinsonism agents-GLC analysis of trihexyphenidyl hydrochloride 
in various pharmaceutical dosage forms 


Several methods for quantitating the antiparkinsonism 
drug trihexyphenidyl hydrochloride (I) in toxicological 
samples and dosage forms have been published. These 
procedures include nonaqueous titration (1-3), colori- 
metric determination (4-61, polarography (7), and fluo- 
rescence (8). The USP procedures for assaying I in elixirs 
(9) and tablets (10) consist of dye-complex formation with 
bromcresol purple, chloroform extraction, and colorimetric 
measurement. All of these analytical procedures are rela- 
tively nonspecific and may measure any similarly struc- 
tured compounds present, leading to erroneous results. 
Although the more specific technique of GLC has been 
employed to quantitate I (11-171, little work has been re- 
ported on its use in assaying I in dosage forms. In addition, 
variable results have been encountered in this laboratory 
with the compendial methods. 


The purpose of this work was to develop a rapid, sensi- 
tive, reproducible, and discriminating method for the de- 
termination of I in pharmaceutical formulations. The 
procedure presented involves the chloroform extraction 
of the active ingredient from weakly acidic sample solu- 
tions of elixirs, tablets, and sustained-release capsules, 
followed by GLC determination using a 3% methyl silicone 
column. The method is an adaption of the GLC procedure 
developed by Clark' for assaying phencyclidine hydro- 
chloride in sample matrixes. This GLC system also permits 
the differentiation of I from several compendial analogs 
based on differing retention times. 


Charles C. Clark, U S .  Drug Enforcement Administration, Miami, Fla. Method 
and collaborative study results are currently in press. 


EXPERIMENTAL 


Reagents and Chemicals-All chemicals and reagents were USP, NF, 
ACS, or chromatographic grade. 


Instrumentation-A pH meter2 was fitted with a glass-calomel 
electrode system. The gas chromatograph3 was equipped with a flame- 
ionization detector connected to an electronic integrator4. The glass 
column, 4 mm i.d. X 1.8 m long, was packed with 3% OV-1 on 100-120- 
mesh Chromosorb WHP6 and conditioned a t  260" for 24 hr under ni- 
trogen a t  a flow rate of 30 ml/min. The instrument parameters were: in- 
jected quantity of sample solution, 4-5 pl; injector temperature, 240'; 
detector temperature, 240'; column temperature, 210' (isothermal); 
carrier gas (nitrogen) flow rate, 60 ml/min; hydrogen flow rate, 60 ml/min; 
and air flow rate, 240 ml/min, or according to manufacturer's recom- 
mendations. 


Column temperature and flow rate were adjusted to elute I in about 
7 min and the internal standard in about 8.8 min. (The relative retention 
time of I uersus the internal standard is about 0.8.) Electrometer sensi- 
tivity was adjusted so that 4-6 pl of the standard solution gave a suitable 
recorder response, i.e., 40-8096 of full-scale deflection. 


Preparation of Solutions-The dosage forms6 studied were an elixir, 
2 mg/5 ml; tablets, 2 mg; and sustained-release capsules, 5 mg. The stock 
solution of 1 mg of n-tricosane (II)/ml, the internal standard, was pre- 
pared by directly dissolving 100 mg of I1 in 100 ml of chloroform. The 
standard solution of I, 0.2 mg/ml, was prepared by treating 10 mg of the 
standard in the same way as the elixir but with 1% K ~ H P O J  for pH ad- 
justment. 


The standard mixture solution of I and its analogs, 1 mg/ml, was pre- 
pared by dissolving 10 mg each of cycrimine hydrochloride, biperidin 
hydrochloride, procyclidine hydrochloride, tridihexethyl chloride, and 
I in 10 ml of the internal standard solution and mixing. 


Sample Preparation-Elixir-An amount of sample equivalent to 
10 mg of I was pipetted into a 100-ml beaker. Volume was adjusted to 
about 50 ml with water. The pH was adjusted to 6 f 0.5 by dropwise ad- 
dition of 10% K2HP04 (-1 mi) using a pH meter. The sample was then 
transferred quantitatively with water into a 125-ml separator. 


Tablets-Not less than 20 tablets were weighed and finely ground. An 
accurately weighed portion of the powder, equivalent to about 10 mg of 
I ,  was transferred into a 125-ml separator. Twenty-five milliliters of 
hydrochloric acid (1 in 1000) was added, and the mixture was shaken 
vigorously mechanically for about 30 min. Then the contents were 
transferred to a 100-ml beaker, and the pH was adjusted to 6 f 0.5 with 
dropwise addition of 1% K2HP04 using a pH meter. The sample was 
transferred quantitatively with water back into the 125-1111 separator. 


Capsules (Sustained Release)-The contents of not less than 20 
capsules were weighed and finely ground. An accurately weighed portion 


*Orion model 701A. 
Hewlett-Packard model 5830A. 
Hewlett-Packard model 18850A. 
Applied Science Laboratories. State College, PA. 
Artane, Lederle Laboratories, Pearl River, N.Y. 
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Synthesis of 9-Allyladenine N1-Oxide Temperature-Dependent Aqueous 
Solubilities of Lidocaine, 


~ 


Keyphrases 0 Ally1 adenine N*-oxide-chemical synthesis 0 Hypoli- . ~ ~ ~ i ~ ~ ~ ~ i ~ ~ ,  and ~ ~ ~ i ~ ~ ~ ~ i ~ ~  
pidemic agents-ally1 adenine "-oxide, chemical synthesis 


To the Editor: 


During our investigations of novel hypolipidemic agents 
(I), we desired to synthesize 9-(2,3-epoxypropyl)adenine 
(111) by the reaction of m-chloroperoxybenzoic acid with 
9-allyladenine (I) as described previously (2). Compound 
I11 was not obtained, although the decomposition point 
and NMR data in trifluoroacetic acid were consistent with 
the literature (2). For comparison, the spectrum of I in 
trifluoroacetic acid was taken. No difference in the 
chemical shifts of the protons in the side chain between I 
and the oxidized material was observed (Scheme I). 
However, there was a difference in the ring protons. 


NHz 
I 


/ 
/ 


/ 


I 
NH2 


Scheme 1 


A spectrum of the oxidized material in dimethyl sulf- 
oxide-d6 was obtained by using a Fourier transform NMR 
(650 scans, saturated 1.5-ml sample). This spectrum was 
consistent with the N'-oxide (11). A shift downfield of the 
C2 ring proton and a splitting of the nitrogen protons oc- 
curred'. The fact that no change in the chemical shift of 
the olefinic protons in dimethyl sulfoxide-d6 was observed 
establishes this material as the N'-oxide. This product also 
is more consistent with the literature, since peroxidation 
of 9-substituted adenines using hydrogen peroxide or 
m-chloroperoxybenzoic acid gives the N1-oxide (3). 


(1) W. S. DiMenna, C. Piantadosi, and R. Lamb,J.  Med.  Chem., 21, 


(2) K. Kondo, K. Kuwata, and K. Takemoto, Makromol. Chern., 160, 


(3) J. P. Miller and R. K. Robins, Ann. Rep. Med. Chern., 11, 291 


1073 (1978). 


341 (1972). 


(1976). 
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1 Fourier transform NMR (dimethyl sulfoxide-d6): 6 8 3  and 8.23 (2s. 2, adenine 
CH), 7.89 and 7.59 (m, 2, NH?), 6.05 (m, 1, olefinic CH), 5.23 (m,  2, olefinic), and 
4.82 (m,  2. CH?). Analyzed (C,H@N,O) for carbon, hydrogen, and nitrogen. 


Keyphrases 0 Lidocaine-aqueous solubility, effect of temperature 
Mepivacaine-aqueous solubility, effect of  temperature o Bupiva- 
caine-aqueous solubility, effect of temperature 0 Ltxal anesthetics- 
aqueous solubility, effect of temperature 


To the Editor: 
We previously prepared 3-hydroxy-2-naphthoates of 


lidocaine, mepivacaine, and bupivacaine to prolong the 
duration of action of these local anesthetics through their 
sparingly soluble salt forms and studied their dissolution 
characteristics a t  37" in 0.7 M phosphate buffer, pH 7.46 
(1). Only the bupivacaine salt exhibited unusual dissolu- 
tion characteristics. A t  equilibrium, the solution was sat- 
urated incongruously with respect to the base and the acid 
component. Further studies with the bupivacaine salt a t  
25" showed no such unusual behavior. The unusual be- 
havior at 37" resulted from the fact that the concentration 
of the base component dissolved out of the solid salt ex- 
ceeded the solubility of the base at  37" (2). 


These observations prompted us to examine the tem- 
perature dependency of aqueous solubilities of bupivacaine 
and its structural analogs, lidocaine and mepivacaine. The 
only available data on the solubility of these local anes- 
thetics at different temperatures were those of Setnikar 
(3), who reported lidocaine solubility in an alkaline me- 
dium to be 16 mM at  20" and 15 mM a t  37". 


Lidocaine base' and mepivacaine base2 were used as 
received. Bupivacaine hydrochloride2 was converted to the 
base for solubility determination. Excess base was placed 
in a 20-ml glass-stoppered test tube together with a small 
magnetic stirring bar. Two milliliters of either 0.5 M 
phosphate buffer3, pH 7.44, or 1-4 mM NaOH was added 
to it. The test tube was placed in a jacketed beaker and 
mounted on the platform of a magnetic stirrer, together 
with a magnet bar and water. The water temperature in- 
side the jacketed beaker was maintained constant with 
water circulated through the jacket by a constant-tem- 
perature circulator5. 


After equilibration for 16-48 hr a t  different tempera- 
tures, the solid phase was separated by vacuum filtration 
through a glass filter. All glassware used in the filtration 
process and subsequent sampling was preincubated to the 
study temperature. The filtrate was suitably diluted for 
spectrophotometric assay for lidocaine and mepivacaine 
at 262 nm. The bupivacaine equilibrium concentration was 
determined, after extraction with methylene chloride, by 
GLC6, using a 3% OV-17 column (4) and mepivacaine as 
an internal standard. 


As with bupivacaine (2), lidocaine and mepivacaine 
showed decreases in solubility with increasing temperature 


Fujisawa Pharmaceutical Co..  Osaka, Japan. 
2 Yoshilomi Pharmaceutical Industries, Osaka. Japan. :' Cumposition a t  the time uf preparatmn was 0.427 M Na2HP04 and 0.0710 M 


Digital 112 research pH meter, Corning Scientific Instruments, Medfield, 


Haake model FK 10. 
Shimadzu model GC-4RM gas chromatograph. 
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search. They are of particular interest to physicians, pharmacologists, 
and toxicologists involved in clinical pharmacology and toxicology. 
Volume 3, “Platelets, Thrombosis and Drugs,” will conclude the “Car- 
diovascular Drugs” series. 


Reviewed by William P. Heilman 
Life Science Division 
7’. R. Evans Research Center 
Diamond Shamrock Corporation 
Painesuille, OH 44077 


Quantitative Drug Design: A Critical  Introduction. Medicinal 
Research Series Vol. 8. By YVONNE CONNOLLY MARTIN. 
Dekker, 270 Madison Ave., New York, NY 10016.1978.425 pp. 15 X 
23 cm. Price $38.50. 
This “how to do it” text is a must for anyone interested in the appli- 


cation of quantitative structure-activity relationship methods to mo- 
lecular design. It will introduce the concepts to the beginner, guide the 
efforts of the intermediate, and provide convenient reference material 
for the professional. 


The introduction gives the topics covered and emphasizes the steps 
in drug design: ( a )  find a lead, ( b )  synthesize and test an exploratory se- 
ries, (c) develop quantitative structure-activity relationship models, and 
(d) optimize the lead with quantitative structure-activity relationships. 
The author then plunges into the “guts and workings” of quantitative 
structure-activity relationships. Some topics covered are: extrather- 
modynamic and dc novo approaches, noncovalent interactions, physical 
properties, biological data, equations relating potency and physical 
properties, regression analysis, statistical evaluation, and a detailed ex- 
ample of extrathermodynamic calculations. 


The text is well written, clear, easy to follow, current, well illustrated, 
and well referenced. Of particular importance are the treatment of sta- 
tistics, the detailed examples, the discussion of biological data, and the 
very practical discussion in Chapter 11, Synthesis to Follow up a Lead: 
How to Start and When to Stop. The Appendixes, which are very useful, 
contain equations and definitions, substituent constants, Wiswesser line 
notation, and sources of computer programs and data bases. 


This hook was much needed and has come a t  a time when the field is 
exploding. It is highly recommended for those interested in quantitative 
structure-activity relationships who want to find out what can and cannot 
be done with the methods and !or those working every day with quanti- 
tative structure-activity relationships who want most of the information 
in one handy place. 


Keoiewed by William P. Purcell 
Drug Design Laboratory 
llnicersily of Tennessee Center 


Memphis, TN 38103 
for the Health Sciences 


Marihuana Research Findings: 1976. NIDA Research Monograph 
14. Edited by ROBERT C. PETERSEN. National Institute on Drug 
Abuse, 11400 Rockville Pike, Rockville, MD 20852. 1977.251 pp. 15 
X 23 cm. 
The National Institute on Drug Abuse (NIDA) regularly publishes 


research monographs on various aspects of abused drugs. This book, like 
many of its predecessors, is useful to workers in the area or those con- 
templating future endeavors in that area. The book contains nine chap- 
ters, each representing an area of research interest that in general reflects 
NIDA grant activity in marihuana research. Most chapters have been 
written by experts in the field. A preliminary summary of marihuana 
findings by the editor is quite readable and was the text for the sixth 
edition of the Marihuana and Health Report. 


Chapter 1, written by William McGlothlin, gives an excellent overview 
on the epidemiokxical research findings with marihuana usage during 
the past 10 years, with emphasis on recent findings. Chapters 2 and 3, 
by Ralph Karler, cover the chemistry, metabolism, toxicology, and 
pharmacology of marihuana. These chapters appear to be the weakest 
in the book. The reader has considerable difficulty following the text 
without benefit of chemical structures. Particularly was this problem true 
with the synthetic analogs of marihuana. Surprisingly, there was no 


mention in Chapter 2 of the NIDA-sponsored symposium on marihuana 
assays in humans detailed in Monograph 7. (In the summary by the ed- 
itor, cf., p 12, this symposium was referenced.) 


Chapters 4-6, by Douglas Peter Ferraro, cover the research on be- 
havioral effects, most of which comes from animal studies. Chapter 7, by 
Reese Jones, is the best organized and perhaps the most useful to re- 
searchers starting in this area. This chapter covers the myriad of human 
effects known to occur from marihuana smoking or administration of 
individual cannabinoids. Chapter 8, by Steven Matsuyama and Lissy 
Javrick, details the rather limited knowledge available on genetic and 
immune responses in animals and humans. The final chapter, by Sidney 
Cohen, takes a sort of anecdotal approach to therapeutic aspects of 
marihuana use. Sections on intraocular pressure reduction, bronchodi- 
lation, and anticonvulsant work certainly emphasized some positive ef- 
fects found for various cannabinoids which are not necessarily found in 
marihuana. 


The book is an excellent source for recent references in the marihuana 
area and is recommended mainly for that  reason. Yet the newcomer in 
marihuana research should be forewarned that this short thesis cannot 
completely cover the vast literature of this field. 


Reuiewed by Jimmie L. Valentine 
BioA nalyt ic Laboratory 
School of Pharmacy 
University of Missouri-Kansas City 
Kansas City, MO 64108 


Aliphatic Chemistry, Vol. 5,  A Specialist Periodical Report. Edited 
by A. McKILLOP et al. The Chemical Society, Burlington House, 
London WIV OBN, England. 1977. xii + 337 pp. 14.5 X 22 cm. Price 
$47.00. Available from Special Issues Sales, American Chemical So- 
ciety, 1155 Sixteenth St., N.W., Washington, I!C 20036. 
In the fifth volume of the Specialist Periodical Reports on aliphatic 


chemistry, the authors and editor maintain the excellent quality and the 
well-organized format of the previous volumes. This volume is composed 
of four chapters that survey the literature published during 197s and one 
chapter (Chapter 5) that summarizes the literature for the 2-year period 
of 1974-1975. 


The literature dealing with alkanes, acetylenes, allenes, and olefins 
was contrihuted by ,J. C. Saunders and B. P. Swann, who were also 
coauthors of the corresponding chapter in Volume 4. The task of com- 
piling Chapter 2--by far the longest in this volume-on compounds with 
other functional groups (carhoxylic acids and their derivatives, nitriles 
and isocyanides, aldehydes and ketones, alcohols, amines, alkyl halides, 
ethers, and other types of aliphatic compounds) was performed by E. F. 
V. Scriven. Dr. Scriven maintains the high standards set hy E. W. Colvin, 
who so ably contributed the analogous chapters in all of the preceding 
volumes. 


Progress in the areas of naturally occurring polyolefinic and polya- 
cetylenic compounds (Chapter 3) is reviewed for the fourth consecutive 
year by C. Pattenden. This chapter summarizes reports dealing with 
detection and isolation, structure elucidation, and syntheses of these 
unsaturated natural products. Included are not only open-chain, alicyclic, 
and simple heterocyclic natural products containing polyolet’inic and 
polyacetylenic moieties but also more complex compounds. such as the 
macrolide and ansamycin antibiotics. The view, formerly held, that 
halogen-containing compounds are rare in nature is refuted hy this 
chapter and its predecessors in earlier volumes, particularly by the sec- 
tions that treat compounds from marine sources. 


Chapter 4 on prostaglandins by K. W. Mallion reflects a resurgence 
of interest in syntheses of prostaglandins and their analogs. Synthesis 
routes are amply illustrated with structures and schemes. In Chapter 5, 
F. D. Gunstone surveys the literature of 1974 and 1975 on the biology, 
chemistry, and biochemistry of fatty acids and related compounds. 


It is becoming difficult to review the volumes of this series without 
becoming repetitiously laudatory. The fact remains that this volume and 
its predecessors provide admirahle surveys of the annual literature in the 
specified areas; collectively, they constitute valuable reviews of the recent 
literature (1970-1975) of these areas. It is still a marvel that  such com- 
prehensive coverage of specific (Chapters 3-5) and general (Chapters 1-2) 
topics is presented in a concise, informative, and well-organized style. 


Reviewed by Y. F. Shealy 
Southern Research Institute 
Airmingham, AL 3.5205 
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Figure 5-Arrhenius plot for thc hydrolysis of the prodrug at pH 
5.6. 


Buffer concentrations of up to 1 M acetate buffer a t  pH 5.4 did not 
affect the hydrolysis rate. 


DISCUSSION 


The hydrolysis of the prodrug to aspirin followed first-order kinetics. 
The most likely mechanism occurring in the pH 3-9 range is an uncata- 
lyzed unimolecular decomposition. The absence of buffer catalysis and 
the slightly positive entropy of activation make catalysis by water unlikely 
(10). Additionally, the pronounced effect of the solvent dielectric constant 
on the hydrolysis rate provides evidence for increasing separation of 
changes in the transition state. Finally, the absence of‘a significant solvent 
deuterium isotope effect provides evidence that specific acid catalysis 
is not occurring a t  this pH range. 


n 0 


0 


111 


Based on these data, it is possible that I hydrolysis proceeds uia the 
formation of the charged intermediate ( I I ) ,  which then undergoes simple 
CO bond cleavage, generating aspirin. In the same pH range, the hy- 
drolysis rate of the corresponding pyran derivative (111) proceeds by a 
factor of 60 times faster than prodrug 1’. 


The data presented show that the transient blocking of the acidic 
carboxylic group of aspirin hy formation of deoxyglucose acylal-linked 
derivatives can result in a prodrug that regenerates aspirin a t  an  ac- 
ceptable rate independent of pH. Such a compound could potentially 
reduce the GI liability of aspirin by presenting a neutral molecule to the 
gastric membrane. Plans are underway to test this concept in uiuo. 
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Abstract 0 A comprehensive kinetic study was conducted of the reac- 
tions of m-nitrobenzhydrazide and some other hydrazines with acetic 
acid. The overall reaction rate for all of the compounds studied followed 
pseudo-first-order kinetics. The temperature dependence of the m-ni- 
trobenzhydrazide degradation reaction was determined. The reaction 
rate dependence on the acetic acid concentration was found to be close 
to first order. High-pressure liquid chromatography was used extensively 
in identifying and measuring the appearance or disappearance rates of  
rn -nitrobenzhydrazide degradation products in acetous solution. With 
m-nitrobenzhydrazide, the major degradation products were N,N‘- 
his(m-nitrohenzoyl)hydrazine, N-acetyl-N’-m -nitrobenzoylhydrazine, 


diacetylhydrazine, and hydrazine. The concentration profiles of’ these 
prtducts in solution suggested a complex mechanism by which hydrazides 
react with acetic acid. All eight rate constants a t  61’ in the suggested 
mechanism were calculated hy an approximation method hased on ex- 
perimental data. The findings in the present study indicate that acetic 
acid is to be avoided as a solvent lnr hydrazine derivatives. 


Keyphrases 0 m-Nitrobenzhydrazide-kinetics and mechanism of 
reaction with acetic acid 0 Hydrazine derivatives-kinetics and mech- 
anism of reaction with acetic acid 0 Kinetics- reactions of hydrazines 
with acetic acid 


Hydrazides and other hydrazine derivatives constitute 
a large and important class of organic compounds and have 
long been used in the chemical and pharmaceutical fields. 


In analytical chemistry, they are used as good quantitative 
carbonyl reagents. Although hydrazides are weaker bases 
than other hydrazine derivatives and, therefore, possess 
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less carbonyl affinity, they are still preferred as carbonyl 
reagents because of their stability when present as a free 
base. 


In many cases, these reactions of hydrazides with car- 
bonyls were carried out in an acetic acid medium (1-3) 
because of its enhancement of their basicity. In some in- 
stances, assays of hydrazides and other hydrazine deriv- 
atives were also performed in acetic acid (4,5). A serious 
limitation of this solvent system, however, is the tendency 
of these compounds to lose their basicity and to degrade 
rapidly in acetous solution. This degradation process was 
reported earlier (2,3,6),  but its mechanism and the deg- 
radation products involved have not been studied. In re- 
cent work (7) in these laboratories, the reaction kinetics 
of hydrazine (I) and monoacetylhydrazine (11) with acetic 
acid were found to behave according to a complex mech- 
anism in which diacetylhydrazine (111) was the main deg- 
radation product. 


In the present study, the reaction kinetics of some other 
hydrazines and hydrazides with acetic acid were thor- 
oughly investigated to establish a general mechanism by 
which most of these compounds degrade. The disappear- 
ance rate of a group of compounds in acetous solution was 
determined by potentiometric titration. However, po- 
tentiometric titrations are limited because of their inability 
to measure the quantities of each degradation product. 
Thus, potentiometry was used together with TLC and 
high-pressure liquid chromatography (HPLC) to study a 
representative compound, rn-nitrobenzhydrazide (IV). 


The degradation of IV was studied in solutions of dif- 
ferent acetic acid concentrations in chloroform to establish 
the rate order with respect to acetic acid. The temperature 
dependence of the reaction was established. The degra- 
dation products were identified, and their disappearance 
or appearance rates were measured using HPLC. On this 
basis, a complex kinetic mechanism is suggested to account 
for the various rates. Approximation methods were used 
to calculate all rate constants. 


EXPERIMENTAL 


Reagents, Chemicals, and Solutions-All chemicals were reagent 
grade unless otherwise specified. 


Benzenesulfonylhydrazine', 4-phenyI-3-thioseniicarbazide2, p-ni- 
trophenylhydrazine*, and p-bromophenylhydrazine* were used as re- 
ceived. Phenylhydrazine2 was distilled under reduced pressure and ni- 
trogen prior to use. 


Semicarbazide (mp 91-95") was formed by reacting the hydrochloride2 
with sulfuric acid, removing the water under reduced pressure, and re- 
acting the resultant, dried sulfate salt with anhydrous liquid ammonia. 
The formed ammonium sulfate precipitated and was filtered off'; the 
filtrate was allowed to stand in the hood so that the ammonia would 
evaporate. The crude semicarhazide was recrystallized t'rom absolute 
ethanol. 


4-Phenylsemicarbazidel (mp 124-126'). m-nitrohenzhydrazide2 (mp 
153-155"), and p-nitrohenzhydrazide2 (mp 210') were recrystallized from 
water. 


o-Nitrohenzhydrazide (mp 117-120') was prepared by refluxing ethyl 
o-nitrobenzoatel with hydrazinez (97+%, anhydrous) in ethanol for 3 hr 
(ester to hydrazine molar ratio of 12).  On cooling the solution, the hy- 
drazide separated and was filtered off. The crude product was recrys- 
tallized from water. 


Benzhydrazide (mp 110-1 12') and p-bromobenzhydrazide (mp 
165-166') were prepared using ethyl benzoate1 and methyl p-bromo- 


benzoate', respectively, in the procedure described for o-nitrohenzhy- 
drazide. 


The hydrazine, acetic acid, salicylaldehyde, and solvents used and the 
syntheses of acethydrazide and diacetylhydrazine were described pre- 
viously (7). 


Synthesis of N-Acetyl- N'- m-nitrobenzoylhydrazine (V)-A mixture 
of 2.78 g of IV (0.015 mole) and 15 ml of acetic anhydride (0.18 mole) was 
refluxed for 2 hr. Then 15 ml of pyridine was added, and the reflux was 
continued for 4 more hr. The solution was evaporated under reduced 
pressure, and the remaining solid was dissolved in alcohol. The solution 
was kept in a refrigerator overnight, and brownish-yellow crystals pre- 
cipitated. Light-yellow crystals (mp 192"), dried overnight in uacuo, were 
obtained by recrystallization from alcohol and then methanol. 


The purity of V was corroborated by both TLC (100-pm silica, 7.5% 
isopropanol in chloroform, Rt 0.62) and HPLC (described later). 


Synthesis nf N,N'-His(m-nitrobenzoyl)hydrazine ( W-To a 100-ml 
low actinic volumetric flask containing 50 ml of acetic acid, 5.45 g (0.03 
mole) of IV was transferred. After the solid had dissolved, the flask was 
stoppered, the stopper closure was covered with aluminum foil, and the 
flask was left at rnnm temperature in a closed cabinet. A flaky precipitate 
appeared on the 2nd day, and the quantity increased rapidly with time. 
After 10 days, the white precipitate was filtered off and recrystallized 
twice from hot acetic acid. After drying for 48 hr in oacuo, the dried 
crystals had a melting point of 242.2' [lit. (2) mp 242.0'1. 


The purity o f  VI was checked by HPLC (described later). 
Acetous perchloric acid, about 0.1 N, was prepared according to Fritz 


(8). 
u-Naphtholbenzein indicator solution was prepared by dissolving 


about 0.1000 g of the dye in enough acetic acid to make 100 ml. 
Salicylaldehyde Reagent Solufion-Exactly 50 ml of salicylaldehydel 


was diluted to 100 ml with isopropanol. 
Standard solutions for I, 11, and IV-VI were prepared at  concentration 


levels such as those encountered in the analysis for the respective com- 
pound, using the chromatographic mobile phase as the solution solvent. 
Except for I and 11, all other solutions were used directly. Standard So- 
lutions l and I1 were diluted as necessary and subjected to salicylaldehyde 
derivatization concomitantly with the kinetic samples undergoing 
analysis for 1-111. 


HPLC Mobile Phases and Columns --All mobile phases were filtered 
and degassed prior to use. The nnrmal phase system for measurement 
of IV-VI consisted of 7.5% (v/v) isopropannl in chloroform and a 100-cm 
X 2-mm i.d. stainless steel tube packed manually with a pellicular silica 
gelt3 adsorbent. 


The reversed-phase system for measurement of 1-111 consisted of 47% 
(v/v) acetonitrile in 0.14 M aqueous potassium dihydrogen phosphate 
and a 30-cm X 4-mm i.d. stainless steel tube packed with spherical sili- 
ceous microbeads, .%I0 pm, chemically bonded to a monomolecular layer 
of octadecy Itrichl~rosilane~. 


Instrumentation-The potentinmetric titrations were carried nut 
using the electrode system and the automatic pot.entiometric titrator (as 
used for IV) described by Medwick and Kirschner (9). 


The modular HPIX instrument was described previously (7). All 
mobile phases were pumped at. a t'low rate of 1 ml/min. 


Solutions were kept a t  a desired constant temperature in a water bath 
whose temperature was thermostat.ically controlledi to f0.01' of the 
nominal setting. 


Procedures--Throughout the descrihed procedures, low actinic glass 
volumetric flasks and erlenmeyer flasks were used. For HPLC analysis, 
the appropriate standard solut inns were run concomitantly with sample 
solutions. 


Kincfir Studic,s- .-All kinetic runs were conducted in duplicate. 
Solufion frcyarafion and Sampling Acetous solutions (usually 0.06 


M )  of the hydrazine derivative were prepared by weighing accurately an 
appropriate quantity and dissolving it in and bringing to volume with 
acetic acid. The snlution, usually kept a t  the temperature of the kinetic 
study in a water bath, was sampled a t  desired times, and the aliquots were 
transferred to suitable glassware for the analytical procedure. 


For indicator titration or potentinmetric titration, two 10.00-ml ali- 
quots in separate 250-ml heakers were used. For the H P I L  normal phase 
system (IV-VI analysis), two 2.00-ml aliquots in separate 10-ml volu- 
metric flasks were used. For the HPLC reversed-phase system (ILII I  
analysis), four 2.00-ml aliqunts in separate 10-ml volumetric flasks were 


I Ea5trnan White Lahel. 
Mathescm. Coleman and Hell 
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Table I-Degradative Behavior of Some Aryl-, Carbamyl-, and 
Aroylhydrazines 


Apparent First-Order Rate 
Compound Constant, sec-1 x 106 


Ar lhydrazines 


Carbamylhydrazines 


6henyl hydrazine 3.65 
p -Rromophenylhydrazine 8.75 


Semicarbazide 8.75 
4-Phenylsemicarhazide 4.46 
4-Phenyl-3-thiosemicarbazide 2.97 


Aroylhydrazines (hydrazides) 
Benzhydrazide 2.01 
o -Nitrobenzhydrazide 2.11 
m-Nitrobenzhydrazide 1.67 
p-Nitrohenzhydrazide 1.51 
p-Rromobenzhydrazide 1.87 


used. The aliquots were kept a t  0.0' until sample collection for a partic- 
ular run was completed and analyses were to be performed. 


In the study of acetic acid dependence, six different 0.06 M IV solutions 
were prepared in solutions of varying pure acetic acid concentration in 
chloroform: 8.74,5.25,3.5, 1.75, and 0.874 M. The procedure was as de- 
scribed for the general case. 


For analysis by indicator titration or potentiometric titration, the 
beakers were removed from the freezer, and 75 ml of acetic acid was 
added. The aliquots were titrated using cu-naphtholbenzein indicator or 
according to the potentiometric titration procedure described by Med- 
wick and Kirschner (9). 


For HPLC analysis of IV-VI, the normal phase system was used for 
measurement. After the aliquots were removed from the freezer and 
brought to volume with the corresponding mobile phase, the solutions 
were analyzed by HPLC. Calculations were performed using: 


(Eq. 1) 
H, w, = - W,P 
Ha 


where W,, is the weight, in grams, of the specified component in the 
sample solution; H, is the peak height of the specified component in the 
sample chromatogram; H, is the peak height of the specified component 
in the standard chromatogram; W,, is the weight, in grams, of the corre- 
sponding standard; and p is the purity of the standard, expressed as a 
decimal. 


For HPLC analysis of I-Ill, the reversed-phase system was used for 
measurement. After the aliquots were removed from the freezer, 1.00 ml 
of isopropanol was added to each flask. The solutions were divided into 
two equal parts. The first half was used for measuring the amount of I 
and I1 in solution as follows. To each flask, 0.05 ml of the salicylaldehyde 
reagent was added (calculated to he an approximate 50% stoichiometric 
excess), and the flasks were then transferred to a 55O water bath for 5 min 
to ensure complete derivatization. The flasks were then removed, and 
4.00 ml of chloroform was added to each. Finally, all solutions were 
brought to volume with methanol and analyzed. 


l'he second half of the solution was used for the determination of 111 
in solution as follows. To each flask, 2.00 ml of aqueous alcoholic hydro- 
chloric acid was added, and the flasks were then immersed in a 60" water 
bath for 5 min. The flasks were then removed, and 0.05 ml of'the sali- 
cylaldehyde reagent was added to each. The flasks were treated afterward 
in the same manner as for 1 and I I  analysis. The quantity of I I I  in solution 
was calculated as the difference hetween the total amount of I alter hy- 
drolysis and the amount of I and I1  oljtained from a nonhydrolyzed 
sample. 


RESULTS AND DISCUSSION 


Kinetic Studies-Because of its accuracy and simplicity, potentio- 
metric titration was used to determine the apparent overaH pseudo- 
first-order rate constants (Table I) for the reactions of several hydrazine 
derivatives with acetic acid. These data estahlish the nature of the re- 
action and show, as expected, that hydrazides are generally more stable 
than other hydrazines, probably due to their weak basicity. Within hy- 
drazides as a separate group, stability increased as the acidity of the 
parent acid increased, so p-bromohenzhydrazide (pKa 3.97) had a faster 
rate of degradation than p-nitrobenzhydrazide (pKa 3.42). 


Since the potentiometric analysis cannot identify or measure the dif- 
ferent degradation products, TLC was explored. A partially degraded 
solution of IV was spotted on a TLC plate (100-pm silica) with 7.5% iso- 


I 
0 2 4 6 8  


MINUTES 
Figure I-HPLC analysis of m-riitrohenzhydrazide ( I V )  acetous SO- 


lution a t  room temperature (after 6 hr)  on pellicular silica with 7.5"( 
isopropanol in chloroform as the mobile phasc.. Key: a, soluent; b, 
N,N'-bis(m-nitrobenzoyl)hq.drazin~ ( V I ) ;  c ,  N-acctyl-N'-m-nitro- 
benzoylhydrazine ( V ) ;  and d,  m-nitrobenzhydrazide ( I V ) .  
propanol in chloroform as a mobile phase. The following compounds were 
identified after spraying with Ehrlich's reagent: I ( R f  0.05), I1 ( R f  0.40), 
V (Rf  0.62), VI ( R f  0.65), and IV ( R f  0.50). After spraying the plate with 
aqueous alcoholic hydrochloric acid, another spot was identified as Ill 
( R f  0.58). Attempts to use TI,C quantitatively were unsuccessful because 
of the incomplete resolution of the spots and the rapid volatilization of 
hydrazine from the plate. 


HPLC was used successfully to quantitiate every component in solu- 
tion. An H P I C  system in the normal phase was developed to quantitate 
IV-VI. Figure 1 is a typical chromatogram. The chromatographic re- 
sponse for every compound was linear with a linear regression correlation 
coefficient of 0.999. The minimum limits of detectability were 6.1 X 
M for V1, 1.79 X lo-* M for V, and 2.8 X M for IV. This system, 
however, can neither detect nor quantitate I-111 hecause these compounds 
do not absorb UV radiation, as is required by the 254-nm detector. A 
refractive index detector was also inadequate for the trace analysis re- 
quired in this study. 


For t,liese reasons, another system was developed wherehy the sali- 
cylaldehyde derivatives of 1 and I I  (and of' 111 after hydrolysis) were 
formed and separated on an HP1.C reversed-phase column. The sali- 
cylaldehyde derivative of IV plus V and VI ( h t h  do  not react with 
salicylaldehyde) also was resolved completely from the I and I 1  deriva- 
tives, but the behavior of IV-VI did not allow their determination with 
this HPLC system. Figure 2 is B chromatograni showing the separation 
;ichieved using the reversed-phase system. The chromatographic response 
lor h t h  I and I1 was linear with concentration since hoth responses gave 
linear regression correlation coet'ficients (11' 0.9999; the minimum de- 
tectal)le quantities for I and l l  were 5 X 10-"and 4.85 X lo-' M, respec- 
tively. 


Table I I  shows the temperature dependence of the IV reaction with 
acetic acid using HP1.C analysis. HPLC analysis is specific in measuring 
a single compound whereas potentiometric analysis measures the total 
basicity of the solution; i.e., any basic degradation product such as I or 
I 1  would he titrated along with IV, so values of the rate constants would 
he inaccurate. 


Table Ill describes the role of acetic acid concentration in the degra- 
dation of IV in acetous solution. Although the degradation reaction 
overall kinetics in excess acetic acid were pseudo-first order with respect 
to IV, the rate increased with the increase in the acetic acid concentration. 
An expression involving dependence on the acetic acid concentration may 
he written as: 


(Eq. 2)  rate = k'[lV] = k(lVj[HOAc]" 
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i 
Table 11-Temperature Dependence of Degradation of IV in 
Acetic Acid Using HPLC Analysis 


First Ordero, Eo ", 
Temoerature k x lo6 sec-l kcal/mole 


--. 
0 4 20 28 36 


MINUTES 
Figure 2-Chromatogram ( ] / a  synthetic mixture ( ) / t he  compounds to 
be found in a degradcjd acetous solution of m-nitrobenzhydrazid(J alter 
deriuatization with salicylaldehyde and using a reversed-phase column 
and ucetonitrile (47", )-O.I4 M potussium dihydrogen phosphate ( F j Q ! ,  ) 
a s  the mobile phase. Key: a ,  solupnt; b, N-acc.tyl-N'-m-nitrob4n- 
zoylhydrazine ( V ) ;  c, salicjlaldehyde acethydrazone; d ,  N,N'-bi.s(m- 
nitrohenzoy1)hydrazine ( V I ) ;  e .  salicylaldehyde (excess); /, salicylal- 
dehyde m-nitrohenzhydruzone; and g. salicylaldazine. 


It is noticed that h' = k[HOAc]". Taking the logarithm resultsin: 


log k '  = log k + n log [HOAc] (Eq. 3) 


where k' = pseudo-first-order rate constant, k = true bimolecular rate 
constant, and n = relative order with respect to acetic acid. 


When log k' was plotted w r s u s  log [HOAc], the linear least-squares 
parameters calculated were correlation coefficient 0.995 and intercept 
of 1 74 X lO-'sec-' (after taking the antilog). The calculated himolecular 
rate constant was 2.90 X liter mole-' sec-I. The slope value of n ,  the 
order relative to acetic acid, was calculated to be 0.82 by HPLC and 1.3 
hy potentiometric titration analysis: hoth values were close to first 
order. 


The  HPLV determination of the appearance and/or disappearance 
rates of the IV degradation products in acetic acid wasconducted at 61". 
This temperature was chosen since the I and I 1  reaction with salicylal- 
dehyde is very rapid a t  60'. Thus, no temperature disturbance is intro- 
duced during analytical manipulations. 


The reaction profiles of IV, I, V ,  and I11 are presented in Pig. 3. Al- 
though VI appeared almost instantaneously in acetous solutions of IV 
and increased regularly with time, it started to precipitate after ahout 


~ 


25.0' 2.06 (0.99) 
32.0' 3.39 (0.98) 14.7 
42.2' 8.93 (0.999) 
61.00 38.63 (0.999) 


0 Values represent the rate constant and, in parentheses, the linear regression 
correlation coefficient. * For this Arrhenius plot, the linear least-squares parameters 
are: correlation coefficient, 0.999; slope, -3200 degree sec-I; and intercept, +:W3 
sec-I. 


3 hr due to its insolubility in acetic acid. Therefore, no accurate plot could 
be constructed for its appearance rate. Compound 11, on the other hand, 
was not detected a t  any time in solution, even though the lower limit for 
its detection by the HPLC system was 4.85 X M. As shown in Fig. 
3, the IV concentration decreased regularly whereas I decreased after an 
initial increase. Both V and 111 increased monotonically with time. 


The shape of the concentration profile of 111 in Fig. 3 is a consequence 
of the complicated reaction sequence, as will be seen later, in that  Ill is 
formed in Schemes Ill, V11, and VIII  but Scheme VIII gives rise to I,  
which subsequently appears as  111. The same shape curve was observed 
in the study of the reaction of I and I 1  with acetic acid (7). 


The mechanism to  be proposed for the reactions of IV with acetic acid 
must account for the presence of each degradation product and explain 
its concentration profile. 


Although VI was reported (2) to form as an oxidation product of IV, 
an oxidation mechanism was disregarded in the present study because 
the degradation rate of the hydrazine derivative did not differ signifi- 
cantly when its acetous solution was kept in a nitrogen atmosphere in 
sealed ampuls or in air. Sealed ampuls filled with an acetous solution of 
IV under reduced pressure were analyzed by GC for any released nitrogen 
gas (as an oxidation by-product); no excess nitrogen gas was found, again 
indicating that no oxidation was operative. Photocatalyzed degradation 
was also eliminated because the degradation study was conducted in the 
dark and with solutions in low actinic glassware. The dependence of 
degradation on the acetic acid concentration suggested a mechanism in 
which acetic acid plays an active role. 


Proposed Mechanism-After fitting different mechanisms to the 
experimental data, one scheme was arrived a t  as the most plausihle 
mechanism consistent with the findings in the present study. 


In the proposed mechanism (Schemes I-VIII), eight elementary re- 
actions occur in the reaction of IV with acetic acid: 


I V  + H O A ~  2 I V *  
Scheme I 


k i  
1V" --+ V + HXO 


Schpme I 1  


2 IV" -VI + 111 
Scheme Ill 


kz 


IV t 1v* Z V l  t I1 


2 1 V k e V I  t I 


I + H O A ~  A I I  t H ~ O  


I I  + H O A ~  2 111 + H ~ O  


Schemc. IV 


Scheme V 


I; . 


_I 
Schemr. VI 


+ ~ 0 . 4 ~  


Schrme VII 


'2 I 1  -111 + I 
Schcmt. VIII 


In  this sequence, 1V* is an intermediate and acetic acid is present in large 
excess. 


Rate equations consistent with the elementary equations and t.hat 
reflect overall system stoichiometry are: 


(Eq. '1) 


kl 


dlV - 
~ - -k, ,[lV] - k : , ( IVJ[ IV*]  - 'Lk4[ IV]~  
dl 
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(Eq. 6) 


(Eq. 7) 


(Eq. 8) 


dV - = kl[IV'] 
dt 


E = '&[IV*]' + k,[IV][IV*] + k,lIV]' 
dt  


'ILk2[IV*]'+ 2ke[II] + k7[II]Z dIII 
dt 
dII 
dt 
dI - = k4[1V]2 - 2ks[I] + k#I]' 
dt 


-= 


- = k:I[IVI[IV*] + 2ks[l] - Zkfi[II] - Zk?[II]' (Eq. 9) 


(Eq. 10) 


The solution of this complex reaction pattern is presented in the A p -  
pendix. Table IV lists calculated rate constants. The reactions using 
actual structures are presented in Scheme IX. 


The k4  reaction was included to explain the rapid appearance of I in 
solution, which could not be accounted for by the k7 reaction alone. 


The reason for suggesting an intermediate or a transition state as an 
alternative route for the formation of V1 was dictated by the fact that the 
rapid appearance rate of I11 and its high concentration were too large to 
be coming only from I in an indirect manner. Compound 111 had to be 
formed directly. Another possible route was the reaction of 2 moles of V 
togive VI plus 111; however, this possibility was eliminated when V was 
found to be stable in acetic acid and no significant amount of VI formed 
in acetous solutions of V. The k:c reaction in the mechanism was found 
necessary for the quantities of VI calculated to be present. 


The nature of the intermediate has to be related to both IV and acetic 
acid, and its intrinsic structure has to have the ability of yielding either 
V or VI and I11 very rapidly. To understand the chemical nature of the 
intermediate, experiments were carried out in which solutes were intro- 
duced to disturb the acetic acid autoprotolysis to observe the effect, if 
any, on the reaction kinetics. 


O H  
II I 
C-N- 


h 
IV 


H 


.N-H 
I 


I+lV! k ,  
V 


Table Ill-Dependence of IV Degradation on Acetic Acid 
Concentration at 25.0" by HPLC Analysis 


Acetic Acid Pseudo-First Order", 


17.4 20.60 (0.99) 


8.740 9.61 (0.99) 
5.250 5.90 (0.998) 
3.500 4.72 (0.98) 
1.750 2.83 (0.97) 
0.874 1.63 (0.99) 


in Chloroform, N 


(pure acetic acid) 


k x 107 sec-1 


~ 


(I Values represent the rate constant m d ,  in parentheses, the linear regression 


Sodium acetate, triphenylguanidine, strong bases, and benzoic acid, 
a weak acid, had no significant effect on the reaction rate of IV with acetic 
acid. Perchloric acid, a strong acid, decreased the rate sharply, depending 
on its concentration. This finding may he explained if it is recognized that 
perchloric acid ties up an equivalent amount of IV in the protonated form 
and thus decreases the effective concentration of unprotonated IV 
available for the degradation reaction with acetic acid. 


Although the details of the kinetic calculations are given in the Ap-  
pendix, the agreement between the experimental data and the proposed 
mechanism should be discussed, particularly in light of the approxima- 
tions used to solve this complex system. If k = 38.63 X a t  61.0" is 
used from Table I1 together with the experimental value for [IV] of 0.0315 
a t  5 hr (Fig. 3), the time chosen for the calculations, the experimental 
value for the disappearance of IV may be calculated using: 


correlation coelficient. 


-- dlv - - ~ [ I V J  = 12.2 x 10-7 mole sec-1 (Eq. 11) 
dt 


Equation 4 reduces to first-order form since -2k4[IVI2 is small when 


IV*  V 


VI 


+ 
VI 


+ 
VI 
+ 


- 
Scheme I X 
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Figure 3-Concentration profiles of m-nitrobenzhydrazide and its 
degradation products in acetic acid solution a t  61'. Key: 0, I, M X 
A, I I I ,  M X 0 ,  V,  M X loW4; 0, IV, M X 10-3;and $. VI, M X 


Compound VI precipitated from solution after 3 hr. 


the k values from Table IV, the linear least-squares line concentration 
a t  5 hr from Fig. 3 for [IV] of 0.0345, and the [lV*] value of 2.52 X lo-" 
M from Table V are used as in: 


-- dlV - -7.176 X - 3.558 X - 1.42 X 
dt 


2 -10.732 X mole sec-l (Eq. 12) 


The value of -2k4[IVI2 constitutes only 13% of the total value of dIVldt. 
Thus, since [IV'] is invariant owing to its steady state, the approximate 
form of Eq. 4 as a first-order rate equation may be written as: 


(Eq. 13) 


When the least-squares value for [IV] from Fig. 3, the ko and k:j values 
from Table IV, and the [IV*] value from Table V are substituted into Eq. 
13, the result is 10.73 X 10-7 mole sec-I. This calculated result agrees with 
the experimental value of Eq. 11 within 12%. 


Another test of the agreement between predicted values and experi- 
mental data may be carried out for V. Equation 14 may be evaluated using 
k l  = 4.64 X sec-l from Table IV and [W*] = 2.52 X lo-" M from 
Table V: 


(Eq. 14) 
dV - = kl[IV*] = 1.17 X lo-? mole sec-l 
dt  


If the experimental concentrations for [V] are plotted uersus time in a 
first-order fashion, a straight line results (correlation coefficient = 0.987, 
excluding the first point) and gives a first-order rate constant of 1.60 X 


sec-l. When this rate constant is used with the experimental value 
for [Vl at  5 hr, the point chosen for use in the approximation, Eq. 15 re- 
sults: 


= k"fV] = 0.954 X mole 4ec-I (Eq. 15) 


The predicted rate of Eq. 14 is within 18% of the experimental rate seen 
in Eq. 15. This good agreement adds credence to the approximations used 


dt 


Table  IV-Rate Constants Calculated for Reactions Occurr ing 
in Acetous Solution of IV at 61" 


Rate Constant Value 


ko 2.08 X sec-l 
k l  4.64 X sec-l 
k2 3.90 X lo-* liter mole-' sec-l 


4.09 X liter mole-' sec-I k3 
5.89 X liter mole-I sec-l k4 


k 5  2.09 X sec-' 
8.89 x 10-6 sec-1 k6 


k7 2.03 X liter mole-' sec-' 


to interpret the observed kinetics. The k" (Eq. 15) is not the same as kl  
since the appearance rate of [V] is actually a function of the processes 
described in Schemes I and 11. 


Another convenient index of the rationality of a proposed mechanism 
is the calculated mass balance and its agreement with experimental 
values. Attempts to establish the mass balance relationship in this case 
were hampered by the insolubility of VI and the fact that  I1 was beyond 
the limit of detection. With these limitations, calculation accounted for 
about 80% of the initial concentration of IV. This amount is reasonable 
and expected. 


APPENDIX 


The following symbols will be used: I, hydrazine; 11, acetylhydrazine; 
111, diacetylhydrazine; IV, m-nitrobenzhydrazide; V, N-acetyl-N'-m- 
nitrobenzoylhydrazine; and VI, N,N'-bis(m -nitrobenzoyl)hydrazine. 


The rate constants specified in Schemes I-VIII and found in the dif- 
ferential equations (Eqs. 4-10) that describe the reaction rates of the six 
hydrazine compounds in the IV-acetic acid system were evaluated. 


Preliminary Considerations-Before the solution is described; 
several assumptions should he considered. 


1. Due to the presence of both consecutive and parallel bimolecular 
reactions in the suggested mechanism, difficulties were encountered in 
integrating the differential rate equations. Mathematical treatments 
reported by Chien (10) and by I'earson et al. (11) for less complicated 
mechanisms, which involved either consecutive or parallel bimolecular 
reactions using transforms and introduction of Bessel functions, were 
investigated; however, the solution was complicated in this case because 
of the presence of the hydrazine loop (Scheme VIII, k7. and Scheme VI, 
ks) .  Although an exact solution for this complicated mechanism may be 
possible, an approximation was used. 


Since the concentration-time profiles for each compound over the 
timespan studied (Fig. 3) are obviously not linear, some points were ne- 
glected to obtain linear least-squares lines !or each profile. To indicate 
the nature of the lines, the points neglected are mentioned, together with 
the linear correlation coefficient of the resulting straight line: IV, all 
points used, 0.984; V, first point neglected, 0.993; I, first point neglected, 
0.999; and III, last two points neglected, 0.983. This approach permitted 
use of slopes for derivatives, e.g., d IVldt = MV/At. 


When the concentration of a reactant or product was required, the 
value on the least-squares line at 5 hr, approximately the midpoint rep- 
resenting a point where deviation of the least-squares point from ex- 
perimental values would he the least, was chosen in solving the rate 
equations. In some cases, these solutions were compared with the solution 
obtained using actual experimental concentrations a t  5 hr. 


2. In a separate study of I and I1 reactions with acetic acid a t  61" (7), 
k h ,  ke, and k 7  were determined. The average value for each rate constant 
was: kb, 7.53 X hr-I; k e ,  3.20 X lo-' hr-l; and k7,7.32 liters mo1e-l 
hr-l. 


3. Because I1 was not detected in solution during the study (lower limit 
of detectability was 4.8 X lW4 M ) ,  its concentration was considered small 
enough so that when it or its square was multiplied by ke or k7, respec- 
tively, the l lI]  and [II]' terms in Eqs. 8 and 10 were negligible and Eqs. 
A1 and A2, respectively, resulted: 


- '/2k2[IV*]2 
dlI1 
dt 
_ -  (Eq. A l )  


(Eq. A2) 


Equation A1 is valid after about 3.5 hr. Prior to this point, the dis- 
proportionation of I1 and the production of I cause the unusual saddle 
region seen in the profile for Ill in Fig. 3 .  


4. A steady-state approximation can be used for Eq. 5, i .e.,  AlV*/2d 


dI  
dt 
- = k 4 [ I V ] ~  - 2k5[I] 
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Table V-Calculated Values for ks, kt, kl, and [IV*] 


Reaction 
Variable Set 1 Set 2 


k3, liters mole-L hr-' 14.74 7.66 
ka, liters mole-' hr-l 140.4 37.91 
k l ,  hr-l 1.67 X 10-I 8.67 X 
Wl, M 2.52 x 4.9 x 10-3 


= 0. This assumption was supported hy the fact that ko can he considered 
significantly smaller than both k 2  and k ~ ,  as was proven to be true in both 
I and I1 studies (7). This condition allows very small changes in [IV*] 
during the short period between its formation and degeneration to the 
final products. If the steady-state approximation is used, Eq. 5 may be 
written as: 


ko[IV] = kl[IV*] + k2[IV*I2 + k3[IV][IV*] (Eq. A3) 


Calculation of Rate Constants-Substituting the experimental value 


(Eq. A4) 


The experimental value for AVlAt from Fig. 3 is substituted into Eq. 


AVlAt  = kl[lV*] = 4.324 X M hr-I (Eq. A5) 


of MII/.it from Fig. 3 into Eq. A1 gives: 


[IV*I* = 8.92 x 10-4 k2-1 


6 and yields Eq. A5: 


Substitution of Eqs. A4 and A5 into Eq. A3 results in: 


ko[IV] = 0.0004324 + 0.000892 + kn[IV][lV*] (Eq. A6) 


Approximating dIVldt as AIVlAt in Eq. 4 and adding this modified 
equation to Eq. A6 produces: 


2ko[IV] + (AIVlAt) = 0.0013244 - 2k4[1V12 (Eq. A7) 


From Fig. 3, values are introduced for AVAt and [ I ]  into Eq. A2: 


. i l /At = 0.000212 = k4[IVI2 - 2(0.0753)(0.00017) (Eq. A8) 


k4[IVJ2 = 0.000240 (Eq. A9) 


Substitution of the Fig. 3 linear least-squares (at 5 hr) value of IV = 0.0345 
M into Eq. A9 yields: 


k 4  = 2.1 x 10-1 liter mole hr-I (Eq. A10) 


Substitution for k4 from Eq. A10 and for [IV] and AIVlAt from Fig. 3 in 
Eq. A7 produces: 


2k(1(0.0345) - 0.004364 = 0.0008245 (Eq. A l l )  


The value for ko is thus 7.51 X lo-' hr-I. Substitution of the values for 
k o  and k 4  in Eq. 4, where dIVldt is approximated as AlVlAt, yields: 


-0.004364 = -0.0751 (0.0345) - k;i(O.O345)[IV*] 
-2(0.212)(0.0345)2 (Eq. A12) 


IIV'] = 0.0371k:c-' (Eq. A13) 


If the values for [IV*] and [IV*]? are substituted into Eq. A3, Eq. A14 
results: 


(0.0751)(0.0345) = 0.0371k lk:3-' 
+ (0.0345)(0.0371) + kn(0.037l)'k:1-' (Eq. A14) 


Multiplying Eq. A14 by h;,* and rearranging result in: 


0.00131k:i2 = 0.0371klkn + 0.00138k2 (Eq. A15) 


Equations A14 and A13 are equated to yield: 


k i  = 0.646k:;' (Eq. A16) 


Substituting this value for k 2  into Eq. A15 yields: 


0.00131k:j2 = 0.0371klh:j + 0.00138(0.646)k:~* (Eq. A17) 


k:+ = 88.81kl (Eq. A18) 


Substitution for k:i from Eq. A18 into Eq. A16 results in: 


k2 = (88.31)'k12/1.547 (Eq. A19) 


A t  this point, values for ko,  k4. k s ,  k e ,  and k ;  are known. However, it is 
necessary to obtain values for k l ,  k2, and k:i with Eqs. A4, A18, and A19 


such that the range Of values of [IV*] satisfies mass balance restrictions. 
The mass balance statement based on [IV] (initial) = 0.06 M is only ap- 
proximate since [II] is small and below the limit of detectability and [VI] 
can be determined only approximately since i t  precipitates from solu- 
tion. 


The values at 5 hr of [IV], (V], [I], and [IlI] were obtainable from Fig. 
3. The amount of [VI] that had precipitated was estimated by gravimetric 
analysis following simple filtration of a solution aliquot, and this value 
was added to the JVI] in solution a t  5 hr. The approximate sum of all 
[IV] -derived species was 0.056, exclusive of [IV*]; thus, to satisfy the [IV] 
(initial) of 0.06 M, the [IV*] must be less than 0.004 M. 


The solution of Eqs. A4, A18, and A19 for k l ,  kp, k3, and [IV*], the 
latter still being unknown even though a range of values is known to be 
acceptable, is not possible by usual means since four unknowns cannot 
be calculated from three equations. Empirical trials were carried out to 
discover an additional relationship between [IV'] and the unknown 
constants. By assuming values for k l ,  values for kp. ks ,  and [IV*] were 
computed using computer calculation. For [IV'] to be less than 0.004 M 
as required, it was found that k l  had to be larger than 0.08. 


A number of plots of [I'd*] versus k2 and k:i in different forms showed 
that useful relationships exist when [lV*]2was plotted against k s / k z  or 
ilk:,. In both instances, a straight-line relationship was obtained (cor- 
relation coefficient of 0.993) in the valid range of k ~ ,  i.e., k~ larger than 
0.08. Equation A20 is written using the slope and intercept values from 
the linear plot of k&2 verws  [IV"]*: 


k:,lk2 = 0.0691 + 5643[1V*]* (Eq. A20) 


Substituting for [IV*]* from Eq. A4 into Eq. A20 gives: 


k:, = 0.0691k2 + 5.04 (Eq. A21a) 


or: 


k 2  = 14.47k:i - 72.94 (Eq. A21b) 


Equation A16 is used to substitute into Eqs. A21a and A216, yielding a 
quadratic equation for k3: 


k:i = 14.47 f d209.38 - 4(0.646)(72.94) (Eq. A22) 
2(0.646) 


which may be solved to yield two values of k:,. The existence of two values 
fork:, leads to pairs of values for kn, k l ,  and [IV*] (Table V). A decision 
between the acceptability of data of Set6 1 and 2 in Table V was based 
on the requirements of the mass.halance of all species arising from [IV] 
(initial). If the values from Set 2 of [IV*] are included in the mass balance, 
then the total IV-derived species concentration is larger than the ex- 
perimental [IV] (initial); however, use of [IV*] from Set 1 makes the total 
IV-derived species concentration agree well with the known experimental 
value for [IV] (initial), 0.06 M. 
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Abstract  0 A rapid, sensitive, and specific GLC method for the quan- 
titation of trihexyphenidyl hydrochloride in various pharmaceutical 
dosage forms is described. The procedure involves chloroform extraction 
of the active ingredient from a weakly acidic solution, followed by GLC 
determination using a 3% methyl silicone column. The specificity of the 
system in relation to several compendial drug analogs also is reported. 


Keyphrases o Trihexyphenidyl hydrochloride-GLC analysis in various 
pharmaceutical dosage forms, analogs 0 GLC-analysis, trihexyphenidyl 
hydrochloride, in various pharmaceutical dosage forms, analogs 0 An- 
tiparkinsonism agents-GLC analysis of trihexyphenidyl hydrochloride 
in various pharmaceutical dosage forms 


Several methods for quantitating the antiparkinsonism 
drug trihexyphenidyl hydrochloride (I) in toxicological 
samples and dosage forms have been published. These 
procedures include nonaqueous titration (1-3), colori- 
metric determination (4-61, polarography (7), and fluo- 
rescence (8). The USP procedures for assaying I in elixirs 
(9) and tablets (10) consist of dye-complex formation with 
bromcresol purple, chloroform extraction, and colorimetric 
measurement. All of these analytical procedures are rela- 
tively nonspecific and may measure any similarly struc- 
tured compounds present, leading to erroneous results. 
Although the more specific technique of GLC has been 
employed to quantitate I (11-171, little work has been re- 
ported on its use in assaying I in dosage forms. In addition, 
variable results have been encountered in this laboratory 
with the compendial methods. 


The purpose of this work was to develop a rapid, sensi- 
tive, reproducible, and discriminating method for the de- 
termination of I in pharmaceutical formulations. The 
procedure presented involves the chloroform extraction 
of the active ingredient from weakly acidic sample solu- 
tions of elixirs, tablets, and sustained-release capsules, 
followed by GLC determination using a 3% methyl silicone 
column. The method is an adaption of the GLC procedure 
developed by Clark' for assaying phencyclidine hydro- 
chloride in sample matrixes. This GLC system also permits 
the differentiation of I from several compendial analogs 
based on differing retention times. 


Charles C. Clark, U S .  Drug Enforcement Administration, Miami, Fla. Method 
and collaborative study results are currently in press. 


EXPERIMENTAL 


Reagents and Chemicals-All chemicals and reagents were USP, NF, 
ACS, or chromatographic grade. 


Instrumentation-A pH meter2 was fitted with a glass-calomel 
electrode system. The gas chromatograph3 was equipped with a flame- 
ionization detector connected to an electronic integrator4. The glass 
column, 4 mm i.d. X 1.8 m long, was packed with 3% OV-1 on 100-120- 
mesh Chromosorb WHP6 and conditioned a t  260" for 24 hr under ni- 
trogen a t  a flow rate of 30 ml/min. The instrument parameters were: in- 
jected quantity of sample solution, 4-5 pl; injector temperature, 240'; 
detector temperature, 240'; column temperature, 210' (isothermal); 
carrier gas (nitrogen) flow rate, 60 ml/min; hydrogen flow rate, 60 ml/min; 
and air flow rate, 240 ml/min, or according to manufacturer's recom- 
mendations. 


Column temperature and flow rate were adjusted to elute I in about 
7 min and the internal standard in about 8.8 min. (The relative retention 
time of I uersus the internal standard is about 0.8.) Electrometer sensi- 
tivity was adjusted so that 4-6 pl of the standard solution gave a suitable 
recorder response, i.e., 40-8096 of full-scale deflection. 


Preparation of Solutions-The dosage forms6 studied were an elixir, 
2 mg/5 ml; tablets, 2 mg; and sustained-release capsules, 5 mg. The stock 
solution of 1 mg of n-tricosane (II)/ml, the internal standard, was pre- 
pared by directly dissolving 100 mg of I1 in 100 ml of chloroform. The 
standard solution of I, 0.2 mg/ml, was prepared by treating 10 mg of the 
standard in the same way as the elixir but with 1% K ~ H P O J  for pH ad- 
justment. 


The standard mixture solution of I and its analogs, 1 mg/ml, was pre- 
pared by dissolving 10 mg each of cycrimine hydrochloride, biperidin 
hydrochloride, procyclidine hydrochloride, tridihexethyl chloride, and 
I in 10 ml of the internal standard solution and mixing. 


Sample Preparation-Elixir-An amount of sample equivalent to 
10 mg of I was pipetted into a 100-ml beaker. Volume was adjusted to 
about 50 ml with water. The pH was adjusted to 6 f 0.5 by dropwise ad- 
dition of 10% K2HP04 (-1 mi) using a pH meter. The sample was then 
transferred quantitatively with water into a 125-ml separator. 


Tablets-Not less than 20 tablets were weighed and finely ground. An 
accurately weighed portion of the powder, equivalent to about 10 mg of 
I ,  was transferred into a 125-ml separator. Twenty-five milliliters of 
hydrochloric acid (1 in 1000) was added, and the mixture was shaken 
vigorously mechanically for about 30 min. Then the contents were 
transferred to a 100-ml beaker, and the pH was adjusted to 6 f 0.5 with 
dropwise addition of 1% K2HP04 using a pH meter. The sample was 
transferred quantitatively with water back into the 125-1111 separator. 


Capsules (Sustained Release)-The contents of not less than 20 
capsules were weighed and finely ground. An accurately weighed portion 


*Orion model 701A. 
Hewlett-Packard model 5830A. 
Hewlett-Packard model 18850A. 
Applied Science Laboratories. State College, PA. 
Artane, Lederle Laboratories, Pearl River, N.Y. 


0022-3549f 79f 0400-O503$0 1.OOf 0 
@ 1979, American Pharmaceutical Association 
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Table I-Assay Results * of I in Pharmaceutical  Preparations 
following the  USP, NDA, and GLC Methods 


Dosage Form USP/NDA G I X  
Elixir (2 mg15 ml) 


SD cv, Uk, 
Tablets (2 mg) 


SI) cv, ‘h 
Sustained-release capsules ( 5  mg) 


98.5 102.0 
105.2 103.5 
108.0 101.0 
102.5 98.9 


4.05 1.93 
3.91 1.90 


104.0 104.0 
103.6 105 5 
111.0 104.0 
107.5 104.5 
100.6 103.6 
109.7 .. 


3.64 0.73 
3.46 0.70 


94.0 97.6 
93.4 96.4 
84.6 96.4 
94.2 95.2 
91.2 
9:L4 


3.69 0.98 
4.02 1.02 


Table  11-Recovery Results of I in Spiked Pharmaceutical  
Preparat ions with the GLC Method 


Dosage Form Added, mg Found, mg Recovery, % 


Elixir 9.98 
Tablets 9.98 
Capsules 9.98 


10.10 101.2 
10.15 101.7 
9.90 99.2 


Calculations-The following formulas were used to calculate the I 
concentrations: 


(Eq. 1) 


where A and A’ are the peak heights or areas of the sample and standard, 
respectively; I and I‘ are the peak heights or  are= o f  the internal standard 
for the sample and standard, respectively; C is the concentration of 
standard (milligrams per milliliter); DF is the dilution factor; S is the 
sample aliquot (milliliters) taken; W is the weight of sample used (grams); 
and T is the average tablet or  capsule net contents weight. 


(’ Shown i n  I)ercenl declared 


0 1  the well-mixed powder, equivalent to about 10 nig of I, was transferred 
into a 125-ml separator. 


Fifty milliliters of hydrochloric acid (1 in 1000) was added, and the 
mixture was shaken vigorously mechanically for about 30 min. Then the 
contents were transferred to a 100-ml beaker, and the pH was adjusted 
to 6 f 0.5 by dropwise addition of 10% K2HPO.t (-1 ml) using a pH meter. 
The sample was transferred quantitatively with water back into the 
125-ml separator. 


Extraction-The standard, elixir, tablet, and capsule solutions were 
extracted with five 25-ml portions o f  chloroform. The extracts were fil- 
tered through a chloroform-washed cotton pledget into a 150-ml beaker. 
All extracts were evaporated carefully on a steam bath with a gentle 
current of air to about 25 ml. The residue was transferred quantitatively 
with chloroform to a 50-ml volumetric flask, to which had been added 
10.0 ml of internal standard solution. The solution was diluted to volume 
with chloroform and mixed. Aliquots of 4-5 pI of the sample and standard 
solutions were injected into the gas chromatograph using a 10-jd sy- 
ringe. 


RESULTS AND DISCUSSION 


Each dosage form studied was assayed hy hoth the official USI’ (elixirs 
and tablets) or manufacturer’s New Drug Application (NDA) (capsules) 
procedures and the proposed method. The results (Table I )  show good 
correlation hetween the methods. The standard deviations and coeffi- 
cients of variation obtained indicate that the proposed method is more 
precise than the USP and NDA methods for all forms analyzed. 


Results of recovery studies for standard I added to each formulation 
are shown in Table 11. The recoveries obtained were complete and con- 
sistent from product to product. 


Gas chromatograms for the extracted standard and samples are pre- 
sented in Fig. 1. Good peak symmetry, absence of interfering sample 
peaks, and short retention times for trihexyphenidyl (6.8 min) and I1 (8.8 
min) were obtained. The GLC responses for trihexyphenidyl and I1 were 
linear over a t  least a range of 0.6-1.4 pg of drug injected. The minimum 
detertahle level was 0.4 ng of trihexyphenidyl. 


A study was conducted to determine the effect of pH on the extract- 
ability of the active ingredient in each type of formulation. A range be- 
tween pH 5 and 7 was optimum for the total extraction of I in all dosage 
forms studied. Dibasic potassium phosphate or hydrochloric acid (1 in 


2 2 2 2 


0 2 4 6 8 1 0 0  2 4 6 8 1 0 ‘ 0  2 4  6 8 1 0 0  2 4 6 8 10 
a b C d 


RETENTION TIME, min 


Figure I--Chromatograms o/ extrcicted solutions of: (a) standard I, (11) elixir (2 mg of 11.5 m l ) ,  (c) tablets (2  nig of I ) ,  and (d) c.ap,sulu,s (5 nig of I ) .  
Key .  1. tr ihuxyphenidyl ,  and 2, n-tricosanv. 
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Table 111-Chemical Structures  and Relative CLC Retention 
Times of I and Compendia1 Drug Analogs 


OH 


R, 


ComDound R, R7 RRT” 


a -?.-CH.CH, lCHKH, 0.46 
\ 


Tridi hexethyl 
CH2CHI 


Cycrimine 0.56 


Procyclidine 0.64 


Tri hexyphenidyl 0.80 


Biperiden 0.88 


0 Relative retention time u m u s  11, the internal standard 


2 


6 


a 6 Ib 1.2 14 
RETENTION TIME, min 


Figure 2-Chromatogram of standard mixture of tridihexet hyl chloride 
( I ) ,  cycrimine hydrochloride (21, procyclidine hydrochloride (.?), I MI, 
biperiden hydrochloride (5),  and I1 (6j. Instrumental paramrters and 
column conditions were as dcscrihed under Experimental, except that 
the column temperature ic1a.s 200”. All mixture components were at 1- 
mg fml  concentrations. 


100) solutions were used to keep the sample and standard solutions 
within this pH range. 


A literature search and discussions with various sources indicated that 
I is a stable compound under normal storage conditions. Little infor- 
mation was obtained on I degradation products, but the search for such 
reports continues. If degradation products are discovered, standards of 
such compounds will be obtained and their behavior in the proposed 
method will be tested. It is believed that chloroform-extractable degra- 
dation products would be detected by the proposed procedure, based on 
differing GLC retention times. Chromatograms obtained by the proposed 
method of 3-year-old elixir products stored a t  room temperature, o f  3- 
month-old refrigerated I standard solutions, and of solutions from dis- 
solution experiments involving blending of the capsule product for several 
minutes a t  high revolutions per minute in boiling water showed no ex- 
traneous peaks. 


NF XIV contains monographs for procyclidine hydrochloride (18). 
tridihexethyl chloride (19), cycrimine hydrochloride (2O):and biperiden 
hydrochloride (21), which are structurally related to I (Table 111) and have 
similar pharmacological actions. The NF assays for these analogs all 
employ the bromcresol purple colorimetric procedure used in the USP 
assay for I. Thus, a study was undertaken to determine if these drugs 
could also be chromatographed successfully with the same GLC system 
developed for I. As indicated in Fig. 2, all compounds except tridihexethyl 
chloride exhibited excellent GLC peak shapes, short retention times 
(Table I I I ) ,  and near-baseline resolution from each other and from I and 
11. 


This method may be used to differentiate I and its compendial analogs 
from one another and offers better specificity and precision than do the 
current compendial assays for I-containing formulations. 
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Synthesis of 9-Allyladenine N1-Oxide Temperature-Dependent Aqueous 
Solubilities of Lidocaine, 


~ 


Keyphrases 0 Ally1 adenine N*-oxide-chemical synthesis 0 Hypoli- . ~ ~ ~ i ~ ~ ~ ~ i ~ ~ ,  and ~ ~ ~ i ~ ~ ~ ~ i ~ ~  
pidemic agents-ally1 adenine "-oxide, chemical synthesis 


To the Editor: 


During our investigations of novel hypolipidemic agents 
(I), we desired to synthesize 9-(2,3-epoxypropyl)adenine 
(111) by the reaction of m-chloroperoxybenzoic acid with 
9-allyladenine (I) as described previously (2). Compound 
I11 was not obtained, although the decomposition point 
and NMR data in trifluoroacetic acid were consistent with 
the literature (2). For comparison, the spectrum of I in 
trifluoroacetic acid was taken. No difference in the 
chemical shifts of the protons in the side chain between I 
and the oxidized material was observed (Scheme I). 
However, there was a difference in the ring protons. 


NHz 
I 


/ 
/ 


/ 


I 
NH2 


Scheme 1 


A spectrum of the oxidized material in dimethyl sulf- 
oxide-d6 was obtained by using a Fourier transform NMR 
(650 scans, saturated 1.5-ml sample). This spectrum was 
consistent with the N'-oxide (11). A shift downfield of the 
C2 ring proton and a splitting of the nitrogen protons oc- 
curred'. The fact that no change in the chemical shift of 
the olefinic protons in dimethyl sulfoxide-d6 was observed 
establishes this material as the N'-oxide. This product also 
is more consistent with the literature, since peroxidation 
of 9-substituted adenines using hydrogen peroxide or 
m-chloroperoxybenzoic acid gives the N1-oxide (3). 
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1 Fourier transform NMR (dimethyl sulfoxide-d6): 6 8 3  and 8.23 (2s. 2, adenine 
CH), 7.89 and 7.59 (m, 2, NH?), 6.05 (m, 1, olefinic CH), 5.23 (m,  2, olefinic), and 
4.82 (m,  2. CH?). Analyzed (C,H@N,O) for carbon, hydrogen, and nitrogen. 


Keyphrases 0 Lidocaine-aqueous solubility, effect of temperature 
Mepivacaine-aqueous solubility, effect of  temperature o Bupiva- 
caine-aqueous solubility, effect of temperature 0 Ltxal anesthetics- 
aqueous solubility, effect of temperature 


To the Editor: 
We previously prepared 3-hydroxy-2-naphthoates of 


lidocaine, mepivacaine, and bupivacaine to prolong the 
duration of action of these local anesthetics through their 
sparingly soluble salt forms and studied their dissolution 
characteristics a t  37" in 0.7 M phosphate buffer, pH 7.46 
(1). Only the bupivacaine salt exhibited unusual dissolu- 
tion characteristics. A t  equilibrium, the solution was sat- 
urated incongruously with respect to the base and the acid 
component. Further studies with the bupivacaine salt a t  
25" showed no such unusual behavior. The unusual be- 
havior at 37" resulted from the fact that the concentration 
of the base component dissolved out of the solid salt ex- 
ceeded the solubility of the base at  37" (2). 


These observations prompted us to examine the tem- 
perature dependency of aqueous solubilities of bupivacaine 
and its structural analogs, lidocaine and mepivacaine. The 
only available data on the solubility of these local anes- 
thetics at different temperatures were those of Setnikar 
(3), who reported lidocaine solubility in an alkaline me- 
dium to be 16 mM at  20" and 15 mM a t  37". 


Lidocaine base' and mepivacaine base2 were used as 
received. Bupivacaine hydrochloride2 was converted to the 
base for solubility determination. Excess base was placed 
in a 20-ml glass-stoppered test tube together with a small 
magnetic stirring bar. Two milliliters of either 0.5 M 
phosphate buffer3, pH 7.44, or 1-4 mM NaOH was added 
to it. The test tube was placed in a jacketed beaker and 
mounted on the platform of a magnetic stirrer, together 
with a magnet bar and water. The water temperature in- 
side the jacketed beaker was maintained constant with 
water circulated through the jacket by a constant-tem- 
perature circulator5. 


After equilibration for 16-48 hr a t  different tempera- 
tures, the solid phase was separated by vacuum filtration 
through a glass filter. All glassware used in the filtration 
process and subsequent sampling was preincubated to the 
study temperature. The filtrate was suitably diluted for 
spectrophotometric assay for lidocaine and mepivacaine 
at 262 nm. The bupivacaine equilibrium concentration was 
determined, after extraction with methylene chloride, by 
GLC6, using a 3% OV-17 column (4) and mepivacaine as 
an internal standard. 


As with bupivacaine (2), lidocaine and mepivacaine 
showed decreases in solubility with increasing temperature 


Fujisawa Pharmaceutical Co..  Osaka, Japan. 
2 Yoshilomi Pharmaceutical Industries, Osaka. Japan. :' Cumposition a t  the time uf preparatmn was 0.427 M Na2HP04 and 0.0710 M 


Digital 112 research pH meter, Corning Scientific Instruments, Medfield, 


Haake model FK 10. 
Shimadzu model GC-4RM gas chromatograph. 


NaHZPO,. 


Mass. 
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Table I-Temperature-Dependent Solubilities a (Millimolar) of Lidocaine, Mepivacaine, and Bupivacaine in 0.5 M Phosphate Buffer, 
pH 7.4 *, and 1-4 mM NaOH 


Lidocaine Mepivacaine Bupivacaine 
0.5 M 1-4 m M  0.5 M 1-4 mM 0.5 M 1-4 mM 


Temperatured Phosphate Buffer NaOH Phosphate Buffer NaOH Phosphate Buffer NaOH 


14.50 30.3 f 1.4 - 17.1 - 1.35 - 
14.9’ - 18.5 f 0.5 - 13.6 f 0.3 - 0.375 f 0.003 
25.0’ 22.9 f 0.1 16.3 f 0.1 13.5 10.2 f 0.4 0.850 i 0.020 0.318 f 0.002 


0.313 f 0.004 34.50 - 14.6 f 0.1 - 9.91 f 0.20 - 
37.0’ 16.5 - 9.90 - 0.575 i 0.008 - 


a Either the result of a single determination or average (two or three determinations) f SE. Composition at the time of preparation was 0.427 M Na2HP04 and 0.0710 
M NaH2P04, pH 7.40 f 0.01 at 2S0 and 7.38 f 0.01 a t  37”. The pH varied from 10.43 (1 mM at 34.S0) to 11.86 (4  mM a t  14.Y’). Temperature control was f O . l O .  


in the phosphate buffer (Table I). Since the pKa of these 
bases varied a t  23’ from 7.78 for mepivacaine to 8.09 for 
bupivacaine ( 5 ) ,  a t  pH 7.4 these local anesthetics existed 
as a mixture of protonated and unprotonated forms. Thus, 
the solubilities of the unprotonated base species were de- 
termined in 1-4 mM NaOH. The solubilities in these high 
pH media were independent of hydroxyl-ion concentration 
and increased with decreasing temperature (Table I), al- 
though this trend was not as great as in the phosphate 
buffer. 


The difference in temperature dependency is now being 
studied in our laboratories and is probably due to a mea- 
surable decrease in the pKa values of the bases with in- 
creasing temperature whereas the phosphate buffer pH 
remains relatively constant (Table I, footnote b) .  Our 
preliminary determination of lidocaine pKa values at  
different temperatures by the solubility method indicated 
that they vary from 8.2 at 15’ to 7.7 at  35’. With increasing 
temperature, therefore, the gap between the medium pH 
and the pKa diminishes. Thus, the proportion of the sol- 
uble protonated base, BH+, decreases with increasing 
temperature, which is reflected greatly in the total solu- 
bility, St ,  of the base a t  pH around 7.4; i.e., S, is given by 
(6): 


S( = [B] + [BH+] = So 1 + - (Eq. 1) 


where [B] = SO is the solubility of the unprotonated species 
and K a  is the acid dissociation constant of BH+. Since So 
decreases and K O  increases as the temperature is increased 
(Eq. 1) at pH 7.4, both of these effects contribute to lower 
solubility at  higher temperatures. 


Since the unusual temperature-dependent solubility is 
likely to extend over a fairly wide pH range, including 
physiological pH, the following clinical problem could 
arise. In parenteral dosage forms of these drugs as local 
anesthetics, solution is effected by means of their hydro- 
chloride salts. Therefore, the pH of these preparations can 
be as low as 3.0-4.5 (7). The results of the present study 
suggest possible precipitation of the base at  the injection 
site from the following two points: ( a )  an increase in pH 
to the tissue pH after injection, as was suggested earlier for 
lidocaine (8); and ( b )  a lowering of free base solubility a t  
body temperature relative to ambient temperature. 


For most organic compounds, solubilities are usually 
assumed to increase with temperature. These local anes- 
thetics, however, behave differently. Even if the decrease 
in solubility with increasing temperature a t  pH values of 
around 7.4 is mainly attributable to a decrease in the 
fraction of protonated species because of a shift in pKa 
with increasing temperature, the unprotonated species also 


( [;:I) 


show atypical temperature-dependent solubilities. Only 
a few organic medicinal compounds are known to exhibit 
such behavior. These include anhydrous ampicillin (9), 
dactinomycin (lo), aminopyrine and propyphenazone ( l l ) ,  
and colchicine (12). 
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Carbocyclic Analog of Cytarabine 


Keyphrases Cytarabine. analogs-synthesis, carbocyclic analog, 
antileukemic activity 0 Antineoplastic agents-cytarabine, carbocyclic 
analog, synthesis IY Antineoplastic activity-cytarabine, carbocyclic 
analog 


To the Editor: 
Cytarabine (1 -o-D-arabinofuranosyIcytosine, Ara-C) 


inhibits a variety of experimental neoplasma (1,2), pro- 
duces remissions in some patients with acute myelocytic 
or acute lymphocytic leukemia (3-5), and is considered the 
most effective single-drug treatment for acute myeloge- 
nous leukemia (6). It is also effective in suppressing the 
replication of certain DNA viruses (2) and is a useful agent 
for the clinical treatment of herpes virus infections (7). 
Recently, we reported (8) the synthesis and activity of the 
carbocyclic analog (carbodine, I) of cytidine against a 
murine leukemia (L-1210). Brockman et al. (9) showed 
that carbodine inhibits both DNA and RNA synthesis in 
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search. They are of particular interest to physicians, pharmacologists, 
and toxicologists involved in clinical pharmacology and toxicology. 
Volume 3, “Platelets, Thrombosis and Drugs,” will conclude the “Car- 
diovascular Drugs” series. 


Reviewed by William P. Heilman 
Life Science Division 
7’. R. Evans Research Center 
Diamond Shamrock Corporation 
Painesuille, OH 44077 


Quantitative Drug Design: A Critical  Introduction. Medicinal 
Research Series Vol. 8. By YVONNE CONNOLLY MARTIN. 
Dekker, 270 Madison Ave., New York, NY 10016.1978.425 pp. 15 X 
23 cm. Price $38.50. 
This “how to do it” text is a must for anyone interested in the appli- 


cation of quantitative structure-activity relationship methods to mo- 
lecular design. It will introduce the concepts to the beginner, guide the 
efforts of the intermediate, and provide convenient reference material 
for the professional. 


The introduction gives the topics covered and emphasizes the steps 
in drug design: ( a )  find a lead, ( b )  synthesize and test an exploratory se- 
ries, (c) develop quantitative structure-activity relationship models, and 
(d) optimize the lead with quantitative structure-activity relationships. 
The author then plunges into the “guts and workings” of quantitative 
structure-activity relationships. Some topics covered are: extrather- 
modynamic and dc novo approaches, noncovalent interactions, physical 
properties, biological data, equations relating potency and physical 
properties, regression analysis, statistical evaluation, and a detailed ex- 
ample of extrathermodynamic calculations. 


The text is well written, clear, easy to follow, current, well illustrated, 
and well referenced. Of particular importance are the treatment of sta- 
tistics, the detailed examples, the discussion of biological data, and the 
very practical discussion in Chapter 11, Synthesis to Follow up a Lead: 
How to Start and When to Stop. The Appendixes, which are very useful, 
contain equations and definitions, substituent constants, Wiswesser line 
notation, and sources of computer programs and data bases. 


This hook was much needed and has come a t  a time when the field is 
exploding. It is highly recommended for those interested in quantitative 
structure-activity relationships who want to find out what can and cannot 
be done with the methods and !or those working every day with quanti- 
tative structure-activity relationships who want most of the information 
in one handy place. 


Keoiewed by William P. Purcell 
Drug Design Laboratory 
llnicersily of Tennessee Center 


Memphis, TN 38103 
for the Health Sciences 


Marihuana Research Findings: 1976. NIDA Research Monograph 
14. Edited by ROBERT C. PETERSEN. National Institute on Drug 
Abuse, 11400 Rockville Pike, Rockville, MD 20852. 1977.251 pp. 15 
X 23 cm. 
The National Institute on Drug Abuse (NIDA) regularly publishes 


research monographs on various aspects of abused drugs. This book, like 
many of its predecessors, is useful to workers in the area or those con- 
templating future endeavors in that area. The book contains nine chap- 
ters, each representing an area of research interest that in general reflects 
NIDA grant activity in marihuana research. Most chapters have been 
written by experts in the field. A preliminary summary of marihuana 
findings by the editor is quite readable and was the text for the sixth 
edition of the Marihuana and Health Report. 


Chapter 1, written by William McGlothlin, gives an excellent overview 
on the epidemiokxical research findings with marihuana usage during 
the past 10 years, with emphasis on recent findings. Chapters 2 and 3, 
by Ralph Karler, cover the chemistry, metabolism, toxicology, and 
pharmacology of marihuana. These chapters appear to be the weakest 
in the book. The reader has considerable difficulty following the text 
without benefit of chemical structures. Particularly was this problem true 
with the synthetic analogs of marihuana. Surprisingly, there was no 


mention in Chapter 2 of the NIDA-sponsored symposium on marihuana 
assays in humans detailed in Monograph 7. (In the summary by the ed- 
itor, cf., p 12, this symposium was referenced.) 


Chapters 4-6, by Douglas Peter Ferraro, cover the research on be- 
havioral effects, most of which comes from animal studies. Chapter 7, by 
Reese Jones, is the best organized and perhaps the most useful to re- 
searchers starting in this area. This chapter covers the myriad of human 
effects known to occur from marihuana smoking or administration of 
individual cannabinoids. Chapter 8, by Steven Matsuyama and Lissy 
Javrick, details the rather limited knowledge available on genetic and 
immune responses in animals and humans. The final chapter, by Sidney 
Cohen, takes a sort of anecdotal approach to therapeutic aspects of 
marihuana use. Sections on intraocular pressure reduction, bronchodi- 
lation, and anticonvulsant work certainly emphasized some positive ef- 
fects found for various cannabinoids which are not necessarily found in 
marihuana. 


The book is an excellent source for recent references in the marihuana 
area and is recommended mainly for that  reason. Yet the newcomer in 
marihuana research should be forewarned that this short thesis cannot 
completely cover the vast literature of this field. 


Reuiewed by Jimmie L. Valentine 
BioA nalyt ic Laboratory 
School of Pharmacy 
University of Missouri-Kansas City 
Kansas City, MO 64108 


Aliphatic Chemistry, Vol. 5,  A Specialist Periodical Report. Edited 
by A. McKILLOP et al. The Chemical Society, Burlington House, 
London WIV OBN, England. 1977. xii + 337 pp. 14.5 X 22 cm. Price 
$47.00. Available from Special Issues Sales, American Chemical So- 
ciety, 1155 Sixteenth St., N.W., Washington, I!C 20036. 
In the fifth volume of the Specialist Periodical Reports on aliphatic 


chemistry, the authors and editor maintain the excellent quality and the 
well-organized format of the previous volumes. This volume is composed 
of four chapters that survey the literature published during 197s and one 
chapter (Chapter 5) that summarizes the literature for the 2-year period 
of 1974-1975. 


The literature dealing with alkanes, acetylenes, allenes, and olefins 
was contrihuted by ,J. C. Saunders and B. P. Swann, who were also 
coauthors of the corresponding chapter in Volume 4. The task of com- 
piling Chapter 2--by far the longest in this volume-on compounds with 
other functional groups (carhoxylic acids and their derivatives, nitriles 
and isocyanides, aldehydes and ketones, alcohols, amines, alkyl halides, 
ethers, and other types of aliphatic compounds) was performed by E. F. 
V. Scriven. Dr. Scriven maintains the high standards set hy E. W. Colvin, 
who so ably contributed the analogous chapters in all of the preceding 
volumes. 


Progress in the areas of naturally occurring polyolefinic and polya- 
cetylenic compounds (Chapter 3) is reviewed for the fourth consecutive 
year by C. Pattenden. This chapter summarizes reports dealing with 
detection and isolation, structure elucidation, and syntheses of these 
unsaturated natural products. Included are not only open-chain, alicyclic, 
and simple heterocyclic natural products containing polyolet’inic and 
polyacetylenic moieties but also more complex compounds. such as the 
macrolide and ansamycin antibiotics. The view, formerly held, that 
halogen-containing compounds are rare in nature is refuted hy this 
chapter and its predecessors in earlier volumes, particularly by the sec- 
tions that treat compounds from marine sources. 


Chapter 4 on prostaglandins by K. W. Mallion reflects a resurgence 
of interest in syntheses of prostaglandins and their analogs. Synthesis 
routes are amply illustrated with structures and schemes. In Chapter 5, 
F. D. Gunstone surveys the literature of 1974 and 1975 on the biology, 
chemistry, and biochemistry of fatty acids and related compounds. 


It is becoming difficult to review the volumes of this series without 
becoming repetitiously laudatory. The fact remains that this volume and 
its predecessors provide admirahle surveys of the annual literature in the 
specified areas; collectively, they constitute valuable reviews of the recent 
literature (1970-1975) of these areas. It is still a marvel that  such com- 
prehensive coverage of specific (Chapters 3-5) and general (Chapters 1-2) 
topics is presented in a concise, informative, and well-organized style. 


Reviewed by Y. F. Shealy 
Southern Research Institute 
Airmingham, AL 3.5205 
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Physicochemical Properties of Amphoteric @-Lactam 
Antibiotics 11: Solubility and Dissolution Behavior of 
Aminocephalosporins as a Function of pH 


AKIRA TSUJI, EM1 NAKASHIMA, and TSUKINAKA YAMANA 
Received June 16,1978, from the Faculty of Pharmaceutical Sciences, Kanazawa University, Takara-machi, Kanazawa 920, 
Japan. Accepted for publication August 9,1978. 


Abstract  a The solubility of aminocephalosporins in aqueous solution 
at 37' and an ionic strength of 0.5 exhibited U-shaped curves against pH. 
A t  their isoelectric pH, cephradine monohydrate was the most soluble, 
followed by cephalexin monohydrate and cephaloglycin dihydrate, with 
intrinsic solubilities of 26.0, 17.2, and 14.8 mg/ml, respectively. The 
dissolution rate constants from the rotating disk were also determined 
as a function of the pH of the dissolution medium and interpreted rea- 
sonably by the simultaneous dissociation equilibrium reaction and the 
diffusion kinetics model. Energies for the solubility and dissolution were 
determined for these three aminocephalosporins. 


Keyphrases &Lactam antibiotics-various aminocephalosporins, 
solubility and dissolution, effect of pH Aminocephalosporins, vari- 
ous-solubility and dissolution, effect of pH a Solubility-various am- 
inocephalosporins, effect of pH 0 Dissolution-various amino- 
cephalosporins, effect of pH a Antibacterials-various aminocephalo- 
sporins, solubility and dissolution, effect of pH 


The solubility and dissolution rate of drugs ingested 
orally are important physicochemical properties for un- 
derstanding their bioavailability and the rate-limiting step 
in absorption. Previously (l), the dissolution behavior of 
aminopenicillins such as ampicillin, amoxicillin, and cy- 
clacillin, which are used therapeutically by the oral route, 
was described. It was concluded that the dissolution of 
these antibiotics follows diffusion-controlled kinetics over 
the entire pH range and cannot become the rate-limiting 
step of their GI absorption, consistent with the previous 
claim (2) given for ampicillin. 


The present paper describes the solubility and kinetics 
of the dissolution rate of some orally effective amino- 
cephalosporins, cephalexin, cephradine, and cephaloglycin, 
as a function of the dissolution medium pH. 


Table I-Intrinsic Solubility and  Dissociation Constants of 
Aminocephalosporins and Aminopenicillinsa at 37" a n d  p = 0.5 


Solubilitv*, Dissociation 
Molecular lo2 X Ci, ' ConstantsC 


Antibiotic Weight M(mg/ml) pK1 pK2 


Cephradine monohydrate 367.4 7.08 (26.0) 2.63 7.35 
Cephalexin monohydrate 365.4 4.72 (17.2) 2.67 6.96 
Cephaloglycin dihydrate 441.4 3.36 (14.8) 2.03 6.89 
Ampicillin trihydrate 403.4 2.23 (9.0) 2.67 6.95 
Ampicillin anhydrate 349.4 3.97 (13.9) 
Amoxicillin trihydrate 419.4 1.30 (5.4) 2.67 7.11 
Cyclacillin anhydrate 341.4 8.90 (30.4) 2.64 7.18 


potentiometric method. 
a Values determined previously (1). * Defined by Eq. 1. Determined by the 


curves with the minimum solubility near the respective isoelectric point 
(Fig. l), similar to those of aminopenicillins (1,4). 


The total solubility, CT,  as a function of the solution pH can be ex- 
pressed as: 


C7'=Co - t l t -  (Eq. 1) 


where CO is the intrinsic solubility of amphoteric cephalosporins with the 
electrically neutral zwitterion, aH+ is the hydrogen-ion activity of the 
solution, and K I  and KP are dissociation constants for 4-carboxylic acid 
and the conjugated acid of the u-amino group, respectively. The CO values 
estimated from the solubility near the isoelectric point, pI  = Ijl(pK1 + 
pKz), and the dissociation constants determined by a potentiometric 
method (1) under the same experimental conditions are listed in Table 
I. As seen in Fig. 1, the theoretical curves generated from Eq. 1 fit rea- 


(:: a H +  K 2 )  


EXPERIMENTAL 


Materials-Cephalexin monohydrate' (925 pg/mg), cephradine 
monohydrate2 (952 lg/mg), and cephaloglycin dihydratel (962 pglmg) 
were used as supplied. All chemicals were the highest grade available 
commercially. 


Procedure-Procedures for the determination of pKa values, diffu- 
sion coefficients, solubility, and dissolution rates were described previ- 
ously (1). Aminocephalosporins were determined by UV spectrophoto- 
metric measurement3 at 260 nm. All experimental conditions were chosen 
from previously published kinetic data (3) so that the degradation of 
antibiotics was within 5%. 


RESULTS AND DISCUSSION 


Solubility-pH Profile-The solubility of aminocephalosporins was 
determined as a function of the solution pH a t  37a and p = 0.5 (Scheme 
I). The relationship between the solubility and pH showed U-shaped 


I Shionogi & Co., Osaka, Japan. * Sankyo Co.,  Tokyo, Japan. 
Model UV-BOOS double~beam recording spectrophotometer, Shimadzu Seisa- 


kusho, Kyoto, Japan. 


cephradine: F( = I , R,  = !G . R1 = C H I  


cephaloglycin: HI= + c' Ha 0 . R,  = C , R L =  CtIjX'OCH 
I 
rl;' k 
11,  H, 


Scheme I 
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sonably well with experimental points for all aminocephalosporins. 
In the pH range below 7, cephradine monohydrate was the most sol- 


uble, followed by cephalexin monohydrate; cephaloglycin dihydrate ex- 
hibited the lowest solubility. For comparison, the solubilities of several 
aminopenicillins determined under the same conditions (1) are also shown 
in Fig. 1 and Table I. 


The apparent equilibrium solubility observed over the temperature 
range of 25-60a, when plotted in the classical van't Hoff fashion, gave 
a reasonably good linear relationship (Fig. 2). The values of the heat of 
solution, AHw], for cephalexin monohydrate, cephradine monohydrate, 
and cephaloglycin dihydrate were calculated from the slopes in Fig. 2 to 
be 1.39,1.58, and 1.87 kcal/mole, respectively. 


Dissolution Rate-pH Profile-The dissolution rate of an antibiotic 
solid in aqueous solution can be represented by Eq. 2 at an earlier stage 
of dissolution (1): 


(Eq. 2) 


where C is the concentration of the drug dissolved at  time t ,  S is the area 
of the solid surface exposed to the solvent, V is the volume of the disso- 


g 0.02 7 
0.01- 


3.0 3.1 3.2 3.3 3.4 
I / T X  lo3  


Figure 2-Plots of solubilities of arninocephalosporins in 0.5 M KCl 
versus reciprocal of absolute temperature. Key: 0, cephalexin mono- 
hydrate; A, cephradine monohydrate; and 0, cephaloglycin dihy- 
drate. 


1 2 3 4 5 
fi 


Figure 3-Effect of stirring speed, GI on the  dissolution rate of am- 
inocephalosporins in 0.5 M KC1 at  37a. Key: 0, cephalexin monohy- 
drate; A, cephradine monohydrate; and 0, cephaloglycin dihydrate. 


lution medium, and k~ is the dissolution rate constant in units of molar 
centimeters per second. 


If dissolution of aminocephalosporins from the rotating disk follows 
the rate-limiting diffusion, the dissolution rate constants a t  their iso- 
electric pH values can be predicted theoretically (5) as: 


kT = 0.620D2/3 u-'I%'I2Co (Eq. 3) 


where D is the diffusion coefficient of a drug, u is the kinematic viscosity 
of dissolution medium, and w is the angular velocity of rotation. The 
dissolution rate constants, kT,  measured in 0.5 M KCl at 70,150, and 228 
rpm, were on the straight line against 6 (Fig. 3). apparently obeying 


Figure 4-Log k r p H  profiles for the dissolution of aminocephalo- 
sporins at 228 rpm, 37O, and p = 0.5. The  points are experimental values, 
and the solid curves were generated from the theoretical equations listed 
in Table I I .  Key: 0, cephalexin monohydrate; A, cephradine monohy- 
drate; and 0,  cephaloglycin dihydrate. The  dotted lines are theoretical 
curves (1) for the  dissolution rate constants of aminopenicillins at 228 
rpm and p = 0.5. Key: A, cyclacillin anhydrate; B, ampicillin anhydrate; 
C,  ampicillin trihydrate; and D, amoxicillin trihydrate. 
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Table 11-Theoretical EquationsP for the Dissolution Rate Constants at 228 rpm and Diffusion Coefficients of Aminocephalosporins at 
37" and cc = 0.5 


Theoretical Equationb, kT(theor.), 
M cm/sec 


~ ~ ~ 


Diffusion Coefficients, 
l@ x D, cm2/sec 


Dissolution Diffusion 
RateC Celld 


Cephradine monohydrate 
Cephalexin monohydrate 
Ceohaloelvcin dihvdrate 


3.98 3.33 
4.90 3.23 
3.32 3.44 


Equation 4. b Calculated from Eqs. 4 and 5 with the parameters listed in Table I and those cited in the text. Determined in 0.5 M KCl aqueous solution and used 
for the calculation of Eas. 4 and 5. d Determined in 0.5 M KC1 aaueous solution bv means of a diffusion cell apparatus described previously (1) at the initial concentration 
of 0.01 M. 


Eq. 3. Therefore, the diffusion coefficients of these antibiotics can be 
calculated from the slopes in Fig. 3 according to Eq. 3 by using the cor- 
responding values of CO (Table I) and the viscosity of the solution, Y = 
6.99 X cm2/sec (6). The D values thus evaluated (Table 11) are in 
good agreement with those determined by the diffusion cell method 
(1).  


The dissolution rate constants, k ~ ,  were determined as a function of 
the bulk solution pH maintained with a pH-stat. For comparison with 
the previous study on aminopenicillins (l) ,  the experimental conditions 
were fixed at 228 rpm, 37O, and j~ = 0.5 (Fig. 4). 


The overall dissolution rate constants can he expressed theoretically 
as (I):  


where subscripts A+, A*, and A- represent the cationic, zwitterionic, and 
anionic species of amphoteric cephalosporins, respectively; D is the dif- 
fusion coefficient of the species indicated by the subscript; (aHt)h and 
(aOH-)h are the hydrogen-ion and hydroxide-ion activities, respectively, 
in the bulk solution; and h is the diffusion layer thickness calculated from 
(5) :  


h = 1.61201/3 ,116 ~ - 1 1 2  (Eq. 5) 


By assuming Dat = D A ~  = D A -  and employing DHt = 4.12 X lo-' 
cm2/sec (7), DOH- = 3.43 X lo-' cm2/sec (8,9), K, = 2.38 X (lo), 
and the parameters determined in this study (Table I), the theoretical 
dissolution rate constants, kT (theor.), for the present experimental 
conditions can be derived from Eqs. 4 and 5 (Table 11). 


The theoretical curves calculated from these equations (Fig. 4) indicate 


't 


0.1- 
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Figure 5-Plots of dissolution rate constants at 228 rpm of amino- 
cephalosporins in 0.5 M KCl versus the reciprocal of absolute temper- 
ature. Key: 0, cephalexin monohydrate; A, cephradine monohydrate; 
and 0, cephaloglycin dihydrate. 


reasonably good agreement with the experimental points for all amino- 
cephalosporins. Figure 4 includes theoretical curves for the aminopeni- 
cillins from the previous report ( l ) ,  showing almost similar dissolution 
rate behavior between aminopenicillins and aminocephalosporins with 
respect to the change in pH of the bulk dissolution medium. 


Figure 5 shows plots of the logarithm of the apparent dissolution rate 
constants of aminocephalosporins in 0.5 M KCI at  228 rpm against the 
reciprocal of the absolute temperature. The heats of dissolution, m d i s ,  
calculated from the slope of these lines were 4.36,4.76, and 6.09 kcal/mole 
for cephalexin monohydrate, cephradine monohydrate, and cephaloglycin 
dihydrate, respectively. These values are smaller than the 9.09 kcal/mole 
for ampicillin trihydrate (11) and the 9.67 kcallmole for amoxicillin tri- 
hydrate (1) but higher than the 2.54 kcal/mole for ampicillin anhydrate 
(11). 


By subtracting the heat of solubility, AHBoi, from that of dissolution, 
the intrinsic energy concerned with diffusion and viscosity of the solution 
can be obtained. The calculated energies, mdi. - mmi, were 2.97,3.18, 
and 4.22 kcal/mole for cephalexin monohydrate, cephradine monohy- 
drate, and cephaloglycin dihydrate, respectively, comparable to the values 
of 3 4  kcal/mole (1, 11) obtained for amoxicillin trihydrate, ampicillin 
trihydrate, and ampicillin anhydrate. These energies are in the reasonable 
range of 3-5 kcal/mole reported ( 1  1) for diffusion processes. 


The evidence obtained from the pH and temperature dependence of 
the dissolution rate constant strongly indicates that the dissolution of 
aminocephalosporins as well as aminopenicillins follows diffusion-con- 
trolled kinetics. 


The dissolution rate of ampicillin anhydrate significantly decreased 
(1) with an increase in the ionic strength of the solution, probably as a 
result of the decrease in solubility (4). As seen in Fig. 6, the dissolution 
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Figure 6-Effect of ionic strength on the dissolution rate of amino- 
cephalosporins at 228 rpm, 37O, and @ = 0.5. Key: 0, cephalexin 
monohydrate; A, cephradine monohydrate; and 0, cephaloglycin di- 
hydrate. The dotted lines are mean values of the data. 
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rate of all types of aminocephalosporins was not significantly affected 
by a salt concentration. 


From the present results, i t  is suggested that the dissolution of the 
aminocephalosporins studied cannot be a rate-limiting step in their ab- 
sorption when they are ingested with sufficient water, as concluded 
previously (1) for aminopenicillins. The reduced bioavailability reported 
(12) for the least soluble cephaloglycin may be the result of the instability 
of the antibiotic a t  gastric and intestinal pH (3,12) and of relatively slow 
GI membrane permeability of the dissolved cephaloglycin itself (13). 
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Abstract  0 A high-performance liquid chromatographic method for 
esterified estrogens is described. By using a facile acid hydrolysis ex- 
traction procedure for the sample preparation, the compounds are 
chromatographed as their free phenolic forms. The separation of 
structurally similar compounds, such as equilenin, equilin, estrone, and 
estradiol, was achieved with a reversed-phase column and a methanol- 
water mobile phase. Several samples of bulk mixtures and tablets were 
assayed; the results compared favorably with those obtained using the 
USP XIX method. The method was rapid, and the detector response was 
linear over a wide concentration range. A relative standard deviation of 
15% indicates the reliability and accuracy of  the proposed method. 


Keyphrases Estrogens, esterified-high-performance liquid chro- 
matographic analysis in prepared solutions 0 High-performance liquid 
chromatography-analysis, esterified estrogens in prepared solutions 
o Hormones-esterified estrogens, high-performance liquid chroma- 
tographic analysis in prepared solutions 


A combination drug preparation containing chlordia- 
zepoxide base and esterified estrogens’ is assayed for es- 
trone and equilin by the USP colorimetric procedure. This 
modified Kober reaction procedure is quite lengthy (1) and 
complicated. Quantitation is concerned mainly with the 
proper ratio of the sulfate esters of estrone and equilin, 
calculated on the basis of the total estrogen content. 


BACKGROUND 


The present compendia1 analytical technique is remiss in that minor 
constituents of these complex estrogenic substances, such as equilenin, 
dihydroequilenin, dihydroequilin, and estradiol, are not differentiated 


Menrium, Hoffmann-La Hoche. Nutley, N.J. 


readily ( 2 4 ) .  In an attempt to replace the cumbersome USP assay, many 
steroid separations have been reported. 


In TLC, emphasis is placed on the use of silver nitrate-impregnated 
silica gel plates and a variety of solvent systems for resolution of the 
equine estrogens and their sulfates (5,6). 


Reversed-phase partition liquid chromatographic separation of estrone 
and equilin was achieved (7) by using an argentated mobile phase. The 
presence of small amounts of silver ion produced well-resolved equilin 
and estrone peaks (7). 


Reported GLC determinations of urinary estrogens require preliminary 
purification and isolation on adsorption columns (8) and/or thin-layer 
plates (9.10). These isolated free estrogens are derivatized subsequently 
to a more stable form amenable to the high temperatures encountered 
in GLC. Since these compounds are heat-labile substances, conversion 
to their silyl ethers is mandatory (11-13). I t  is this particular character- 
istic that  makes open-column liquid chromatographic (1416)  and 
high-performance liquid chromatographic (HPLC) applications more 
practical and less time consuming (17-25). 


Published HPLC determinations of conjugated and esterified estrogens 
in commercial dosage formulations are few (20,22,24). Most described 
methods are not applicable to this product hecause derivatizations with 
heat are used prior to the final chromatographic analysis (22-25). 


These problems motivated the development of the assay described in 
this report. An analytical separation of the hydrolyzed esterified estrogens 
in various dosages was obtained by HPLC uia a reversed-phase column 
and a methanol-water mobile phase. 


Data obtained from statistical evaluations show that reliability and 
precision are attained using the method; the total estrogen content is 
easily quantitated by adding the individual estrogens. 


EXPERIMENTAL 


Apparatus-A constant pressure pump2 was used in conjunction with 


Haskel pump in Dupont Instruments model 830 liquid chromatograph. 
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Simultaneous GLC Determination of Methyl Salicylate and 
Menthol in a Topical Analgesic Formulation 


JOSEPH P. SAP10 =, KRISH SETHACHUTKUL, and JOSEPH E. MOODY 
Received August 25,1978, from the USV Pharmaceutical Corporation, Tuckahoe, NY 10707. Accepted for publication October 5,1978. 


~~ ~~~~ 


Abstract 0 A simultaneous GLC determination for methyl salicylate 
and menthol in a topical analgesic formulation is reported. n-Nona- 
decane is used as the internal standard. The method is rapid, accurate, 
precise, and selective in the presence of salicylic acid and ethyl salicy- 
late. 


Keyphrases 0 Methyl salicylate-GLC analysis, topical analgesic for- 
mulation o Menthol-GLC analysis, topical analgesic formulation 0 
GLC-analysis, methyl salicylate and menthol, topical analgesic for- 
mulation o Analgesics, topical-methyl salicylate and menthol, GLC 
analysis 


Combinations of methyl salicylate and menthol are used 
in several commercially available topical analgesic prod- 
ucts (1). Official analytical methods for the quantitation 
of each of these active ingredients have been published (2). 
Other GLC determinations of methyl salicylate and 
menthol also have been published (3-5). 


Simultaneous quantitation of methyl salicylate and 
menthol involved separating camphor, menthol, and 
methyl salicylate within 16 min on a 2-m X 2-mm i.d. 
stainless steel column containing 10% (wlw) polyethylene 


\ 


3 


glycol on silanized Chromosorb W (5). Prior to GLC 
analysis, each sample was steam distilled and each distil- 
late was extracted with chloroform. The amounts of cam- 
phor, menthol, and methyl salicylate were quantitated by 
peak area normalization. The reported precision was not 
greater than f4%. 


The described method is more rapid, more accurate, and 
more precise than the method described by Bruno (5) for 
the simultaneous determination of methyl salicylate and 
menthol in a topical analgesic formulation. 


EXPERIMENTAL 


Chemicals and Reagents-Glass-distilled hexane', chloroform', and 
methanol' were used. Methyl salicylate2, menthol2, salicylic acid2, and 
ethyl salicylate3 were used as received. The internal standard was n- 
nonadecane4. 


GLC-A gas chromatograph5 with a flame-ionization detector was 
used. A glass column, 180 cm X 3 mm i.d., was packed with 20% (w/w) 
polyethylene glycolfi on 80-100-mesh Gas Chrom Q6. The carrier gas was 
helium' a t  a flow rate of 55 ml/min. 


Analyses were carried out under the following conditions: injection port 
temperature, 200"; column oven temperature, 155'; and detector tem- 
perature, 220'. An electronic integrator8 was used to determine peak 
areas. 


Procedure-Approximately 1 g of the formulation was accurately 
weighed into a 100-ml volumetric flask. Then 10.0 ml of the internal 
standard solution [ 13 mg/ml in hexane-chloroform-methanol (50:50:3)] 
was pipet,tedlinto the flask, and the solution was diluted to volume with 
the same solvent. A standard solution was prepared similarly by accu- 
rately weighing proportional amounts of reference standard methyl sa- 
licylate and menthol. One microliter of the sample and standard prepa- 
rations was injected into the gas chromatograph. Figure 1 shows a typical 
GLC separation. 


Sensitivity-Calibration curves were determined for methyl salicylate 
and menthol in spiked placebo mixtures over the concentration ranges 
( J f  interest. 


Accuracy and Precision-The accuracy and precision of the GLC 
determination were evaluated from the recovery data for methyl salicylate 
(Table I)  and menthol (Table 11) from 10 spiked placebo mixtures. 


The precision of injection for the GLC determination was evaluated 
from 20 injections of a placebo mixture spiked with methyl salicylate and 
menthol (Table 111). 


Selectivity-The selectivity of the GLC determination in the presence 
of salicylic acid and ethyl salicylate was evaluated by injecting standard 
mixtures containing these two compounds (Figs. 2 and 3). 


RESULTS AND DISCUSSION 


The calibration curves for methyl salicylate and menthol in this for- 
mulation were linear from 70 to 700 and 10 to 120 mg/g, respectively. No 
interference from a placebo mixture was observed. 


The accuracy of this method, as measured from the recovery data, was 
98.4 and 98.7% for methyl salicylate (Tahle I) and menthol (Table I I ) ,  
respectively. The precision, as measured from the standard deviations 


i-H-H-t 
5 


MINUTES 


Figure 1-Typical GLC separation o/ menthol ( A ) ,  methyl salicylate 
( R ) ,  and n-nonadecane (C). 


' Rurdick & .Jackson Laboratories, Muskegon. Mich. 
USP reference standard. 
Aldrich Chemical Co.. Milwaukee, Wis. 
Pfaltz & Bauer. Stamford. Conn. 
Model 3920 B, Perkin-Elmer Corp.. Norwalk. Conn. 
Carbowax 20M, Alltech Associates, Arlington Heights, 111 ' Liquid Carbonic CO.. Chicago, Ill. " Minigrator. Spectra-Physics, Piscataway. N.J. 
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Table I-Recovery Data for the CLC Determination of Methyl 
Salicslate 


Table  111-Precision of Injection fo r  the CLC Determination of 
Methyl Salicylate and Menthol 


Mixture Theory, mg/g 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Mean 
SD, 96 


300.06 
299.25 
306.00 
305.09 
300.06 
303.23 
304.40 
303.08 
300.07 
300.50 


Found, mg/ga 


297.92 
292.48 
300.26 
302.56 
295.55 
295.12 
296.06 
297.28 
296.11 
298.79 


Recovery, 96 


99.3 
97.7 
98.1 
99.2 
98.5 
97.3 
97.3 
98.1 
98.7 
99.4 
98.4 
0.79 


0 Each value repreaenta the average of duplicate sample injections. 


Table 11-Recovery Data for the CLC Determination of Menthol 
~~ ~ ~ 


Mixture Theory, mg/g Found, mg/gu Recovery, 96 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


51.15 
31.78 
49.97 
50.06 
49.24 
50.83 
50.53 
51.78 
48.94 
51.09 


50.98 
31.34 
49.24 
49.92 
48.63 
49.66 
49.18 
51.16 
48.56 
50.60 


99.7 
98.6 
98.5 
99.7 
98.8 
97.7 
97.3 
98.8 
99.2 
99.0 


Mean 98.7 
SD, 96 0.77 


4 Each value representa the average of duplicate sample injections. 


of the recovery data, was f0.79 and f0.77% for methyl salicylate (Table 
I) and menthol (Table II), respectively. 


The precision of injection (Table III), as measured from the standard 
deviations of the peak area ratios of the sample to the internal standard. 
was 1.428 f 0.0201 and 0.356 f 0.0048 for methyl salicylate and menthol, 
respectively. Such precision was obtained by filling the injection syringe 
in the following order: 0.5 fil of the solvent mixture, 0.5 fil of air, and 1 pl 
of the sample solution. This procedure assures that the sample will not 
be lost by volatilization through'the rear seal of the syringe. 


Area Methyl Salicylate Area Menthol 
Injection Area n-Nonadecane Area n-Nonadecane 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Mean 
SD. % 


1.443 
1.431 
1.431 
1.399 
1.447 
1.431 
1.409 
1.415 
1.451 
1.405 
1.419 
1.404 
1.421 
1.454 
1.421 
1.475 
1.426 
1.408 
1.452 
1.423 
1.428 
0.0201 


0.359 
0.356 
0.357 
0.351 
0.361 
0.357 
0.351 
0.353 
0.363 
0.352 
0.354 
0.350 
0.355 
0.363 
0.355 
0.367 
0.355 
0.351 
0.362 
0.354 
0.356 
0.0048 


The  selectivity of this method in the presence of salicylic acid (Fig. 2) 
and ethyl salicylate (Fig. 3) has been demonstrated. Such selectivity 
became important from the standpoint of product stability studies. The 
major hydrolysis product of methyl salicylate in this formulation would 
be salicylic acid. The major product from the transesterification between 
methyl salicylate and ethanol, a solvent used in the formulation, would 
be ethyl salicylate. 


Prior sample preparations, such as steam distillation or solvent ex- 
traction, were not necessary for the analysis of this formulation. Elimi- 
nation of these steps saved considerable analysis time and produced a 
chromatographic separation within 7 min. Column performance was 
maintained by periodically programming the column temperature to 220° 
to bleed off less volatile sample components. 
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Figure 2-GLC separation of menthol ( A ) ,  methyl salicylate ( B ) ,  n- 
nonadecane (C), and salicylic acid (D). 
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Figure 3-GLC separation o/ menthol (A) ,  methyl salicylate ( B ) ,  ethyl 
salicylate (C), and  n-nonadecane (D). 
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Abstract  0 A high-performance liquid chromatographic (HPLC) 
analysis is described for dienestrol as a drug substance and in cream, 
foam, and tablet dosage forms. After incorporation of the drug or dosage 
form into a solvent mixture containing an internal standard, biphenyl, 
an aliquot was chromatographed using a reversed-phase medium, fol- 
lowed by UV spectrophotometric detection a t  254 nm. The response of 
the chromatographic system was linear over a concentration range cor- 
responding to 50-20096 of the labeled amount of dienestrol. Satisfactory 
accuracy and precision were confirmed by analyzing cream by the stan- 
dard addition method. The advantages of the HPLC method are i t s  
simplicity, speed, and sensitivity, which permit direct analysis of sin- 
gle-dose quantities of dienestrol. 


Keyphrases 0 Dienestrol-analysis by high-performance liquid chro- 
matography, in various dosage forms 0 High-performance liquid chro- 
matography-analysis, dienestrol in various dosage forms Estrogens, 
synthetic-high-performance liquid chromatographic analysis in various 
dosage forms 


Dienestrol [4,4’-(1,2-diethylidene-1,2-ethanediyl)bis- 
phenol, I] is a synthetic estrogenic compound used for the 
treatment of osteoporosis and estrogen deficiency. Because 
of its high level of potency, the dose used is very small. 
Therefore, analysis of pharmaceutical preparations re- 
quires not only separation of the compound from the 
dosage form matrix but also detection of microgram 
quantities of drug. 


BACKGROUND 


Separation of dienestrol from associated interfering substances has 
been accomplished by TLC (I) ,  solvent extraction (2), open column 
chromatography (2, 3), and reversed-phase high-performance liquid 
chromatography (HPLC) at  elevated temperatures (4). Quantitation has 
been obtained by UV spectrophotomety of dienestrol itself or of the in- 
dene formed by acid-induced isomerization (2). A recent publication (5) 
discussed the optimization of a normal-phase HPLC separation of di- 
enestrol but not its applicability to pharmaceutical dosage forms. 


The method of analysis official in NF XIV (6) for dienestrol cream 
requires a preliminary solvent extraction followed by lengthy column 
chromatography. The isolated phenolic fraction is then reacted with 
nitrous acid, and the nitrosophenols are determined polarographically 
(7). Although the method is sensitive, it is time consuming and subject 
to wide variation due to the number of manipulations required. 


The purpose of this study was to use the inherent speed and sensitivity 
of HPLC to develop a simple, direct, accurate, and sensitive enough 
method for dienestrol to determine single-dose quantities. Such an 
analysis would be particularly applicable in quality assurance and sta- 
bility testing situations. 


The proposed method involves only dissolution of the sample, addition 
of the internal standard, and introduction of an aliquot of the resulting 
mixture onto a liquid chromatograph with a reversed-phase column and 
a UV detector operated a t  254 nm. The accuracy and precision are com- 
parable to those reported for other methods, but the time required is 
significantly less. 


EXPERIMENTAL 


Reagents a n d  Chemicals-Dienestrol NF reference standard was 
used as received. Biphenyl’ was recrystallized twice from ethanol, dried 
in uacuo, and stored in a vacuum desiccator, mp 69-71’. 


Solvents-Acetonitrile2 (99 mole % pure) was used as received. 
Apparatus-The HPLC system consisted of a pump3 and a UV 


monito+ operated a t  254 nm. Samples were introduced using a loop in- 
jector6 with a fixed volume of 20 PI. The loop injector was equipped with 
a sample prefilter (8). The output of the detector was displayed on a re- 
cordefi having a full-scale range of 10 mv. The output signal was inte- 
grated, and results were calculated using an electronic integrator’. The 
25-cm X 4.6-mm i.d. stainless steel column contained reversed-phase 
packing material8. The mobile phase was pumped a t  a pressure of about 
1600 psig, which resulted in a flow rate of 3.0 ml/min. 


A mechanical shaker9 was used in the extraction of samples. 
Mobile Phase-The mobile phase, a mixture of acetonitrile and water 


(40:60), was degassed in uacuo prior to use. 
Standard Solutions-Dienestrol Standard Solution- An accurately 


weighed 0.0500-g sample of dienestrol was transferred to a 100-ml volu- 
metric flask and diluted to volume with acetonitrile. 


Internal Standard Solution-An accurately weighed 0.0500-g sample 
of biphenyl was transferred to a 100-ml volumetric flask and diluted to 
volume with acetonitrile. 


Diluted Internal Standard Solution-Exactly 5.0 ml of internal 
standard solution was transferred to a 250-ml volumetric flask and diluted 
to volume with acetonitrile. 


Dienestrol D r u g  Substance-Standard Preparation-Exactly 2.0 
ml of dienestrol standard solution and 2.0 ml of internal standard solution 
were transferred to a 100-mi volumetric flask and diluted to volume with 
acetonitrile. A 20-rl sample was introduced into the liquid chromato- 
graph. The areas under the two peaks were measured, and the ratio, R,, 
was calculated by dividing the area of the dienestrol peak by the area of 
the internal standard peak. 


Assay Preparation-About 50 mg of dienestrol was weighed and 
transferred to a 100-ml volumetric flask and diluted to volume with ac- 


Eastman Kodak Co.. Rochester, N.Y. 
2 Fisher Scientific Co., Fair Lawn, N.J. 


Constnmetric IIC, Laboratory Data Control. Riviera Beach, Fla. ‘ Model 1203, Laboratory Data Control. 
6 Model HPSV-20, Spectra-Physics. * Omniscribe model 5211-151, Houston Instruments, Austin, Tex. 
7 Model 338014, Hewlett-Packard, Avondale, Pa. 


9 Eberbach Carp.. Ann Arbor, Mich. 
Partisil PXS-1025 ODS, Whatman, Clifton, N.J. 
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Table I-Temperature-Dependent Solubilities a (Millimolar) of Lidocaine, Mepivacaine, and Bupivacaine in 0.5 M Phosphate Buffer, 
pH 7.4 *, and 1-4 mM NaOH 


Lidocaine Mepivacaine Bupivacaine 
0.5 M 1-4 m M  0.5 M 1-4 mM 0.5 M 1-4 mM 


Temperatured Phosphate Buffer NaOH Phosphate Buffer NaOH Phosphate Buffer NaOH 


14.50 30.3 f 1.4 - 17.1 - 1.35 - 
14.9’ - 18.5 f 0.5 - 13.6 f 0.3 - 0.375 f 0.003 
25.0’ 22.9 f 0.1 16.3 f 0.1 13.5 10.2 f 0.4 0.850 i 0.020 0.318 f 0.002 


0.313 f 0.004 34.50 - 14.6 f 0.1 - 9.91 f 0.20 - 
37.0’ 16.5 - 9.90 - 0.575 i 0.008 - 


a Either the result of a single determination or average (two or three determinations) f SE. Composition at the time of preparation was 0.427 M Na2HP04 and 0.0710 
M NaH2P04, pH 7.40 f 0.01 at 2S0 and 7.38 f 0.01 a t  37”. The pH varied from 10.43 (1 mM at 34.S0) to 11.86 (4  mM a t  14.Y’). Temperature control was f O . l O .  


in the phosphate buffer (Table I). Since the pKa of these 
bases varied a t  23’ from 7.78 for mepivacaine to 8.09 for 
bupivacaine ( 5 ) ,  a t  pH 7.4 these local anesthetics existed 
as a mixture of protonated and unprotonated forms. Thus, 
the solubilities of the unprotonated base species were de- 
termined in 1-4 mM NaOH. The solubilities in these high 
pH media were independent of hydroxyl-ion concentration 
and increased with decreasing temperature (Table I), al- 
though this trend was not as great as in the phosphate 
buffer. 


The difference in temperature dependency is now being 
studied in our laboratories and is probably due to a mea- 
surable decrease in the pKa values of the bases with in- 
creasing temperature whereas the phosphate buffer pH 
remains relatively constant (Table I, footnote b) .  Our 
preliminary determination of lidocaine pKa values at  
different temperatures by the solubility method indicated 
that they vary from 8.2 at 15’ to 7.7 at  35’. With increasing 
temperature, therefore, the gap between the medium pH 
and the pKa diminishes. Thus, the proportion of the sol- 
uble protonated base, BH+, decreases with increasing 
temperature, which is reflected greatly in the total solu- 
bility, St ,  of the base a t  pH around 7.4; i.e., S, is given by 
(6): 


S( = [B] + [BH+] = So 1 + - (Eq. 1) 


where [B] = SO is the solubility of the unprotonated species 
and K a  is the acid dissociation constant of BH+. Since So 
decreases and K O  increases as the temperature is increased 
(Eq. 1) at pH 7.4, both of these effects contribute to lower 
solubility at  higher temperatures. 


Since the unusual temperature-dependent solubility is 
likely to extend over a fairly wide pH range, including 
physiological pH, the following clinical problem could 
arise. In parenteral dosage forms of these drugs as local 
anesthetics, solution is effected by means of their hydro- 
chloride salts. Therefore, the pH of these preparations can 
be as low as 3.0-4.5 (7). The results of the present study 
suggest possible precipitation of the base at  the injection 
site from the following two points: ( a )  an increase in pH 
to the tissue pH after injection, as was suggested earlier for 
lidocaine (8); and ( b )  a lowering of free base solubility a t  
body temperature relative to ambient temperature. 


For most organic compounds, solubilities are usually 
assumed to increase with temperature. These local anes- 
thetics, however, behave differently. Even if the decrease 
in solubility with increasing temperature a t  pH values of 
around 7.4 is mainly attributable to a decrease in the 
fraction of protonated species because of a shift in pKa 
with increasing temperature, the unprotonated species also 


( [;:I) 


show atypical temperature-dependent solubilities. Only 
a few organic medicinal compounds are known to exhibit 
such behavior. These include anhydrous ampicillin (9), 
dactinomycin (lo), aminopyrine and propyphenazone ( l l ) ,  
and colchicine (12). 
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Carbocyclic Analog of Cytarabine 


Keyphrases Cytarabine. analogs-synthesis, carbocyclic analog, 
antileukemic activity 0 Antineoplastic agents-cytarabine, carbocyclic 
analog, synthesis IY Antineoplastic activity-cytarabine, carbocyclic 
analog 


To the Editor: 
Cytarabine (1 -o-D-arabinofuranosyIcytosine, Ara-C) 


inhibits a variety of experimental neoplasma (1,2), pro- 
duces remissions in some patients with acute myelocytic 
or acute lymphocytic leukemia (3-5), and is considered the 
most effective single-drug treatment for acute myeloge- 
nous leukemia (6). It is also effective in suppressing the 
replication of certain DNA viruses (2) and is a useful agent 
for the clinical treatment of herpes virus infections (7). 
Recently, we reported (8) the synthesis and activity of the 
carbocyclic analog (carbodine, I) of cytidine against a 
murine leukemia (L-1210). Brockman et al. (9) showed 
that carbodine inhibits both DNA and RNA synthesis in 
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Table I-Tests of Compound 111 against L-1210 LeukemiaP NH, NH.HCOOH NH2 
I II I 


HO OH HO 
I II 


Scheme I 


Hb 
Ill 


L-1210 cells and that it is phosphorylated to the mono-, di-, 
and triphosphate stages. Collectively, these facts provided 
the rationale for the synthesis of the carbocyclic analog 
(111) of cytarabine. 


Carbodine served as the precursor of I11 (Scheme I). 
Treatment of I with dimethylformamide-thionyl chloride 
reagent in excess dimethylformamide, a method reported 
(10) for the conversion of cytidine to cytarabine, produced 
the carbocyclic analog (11) of 2,2'-anhydrocytidine (cy- 
clocytidine). A solution of I (500 mg) in the reagent solution 
(0.75 ml of thionyl chloride in 5 ml of dimethylformamide 
stirred for 0.5 hr at  room temperature prior to the addition 
of I) was stirred for 3 hr a t  room temperature, diluted with 
water (2.5:1), sparged with nitrogen to remove sulfur 
dioxide, and applied to a column of a cation-exchange 
resin' in the pyridinium salt form. Elution of the column 
with 0.1 M pyridinium formate, combination of fractions 
containing 112, and concentration of the solution in uacuo 
furnished a viscous syrupy residue that contained 11, as 
well as pyridinium formate. 


A solutioh of this residue in 1 N aqueous ammonia was 
heated at 80' for 15 min to hydrolyze I1 to 111. The reaction 
solution was concentrated in uacuo, and an aqueous so- 
lution of the residue was chromatographed on a strong 
cation-exchange resin' in the pyridinium salt form, as al- 
ready described. Fractions containing 1112 were concen- 
trated in UQCUO, and an aqueous solution of the residue was 
applied to a column of a strongly acidic cation-exchange 
resin3. The column was washed thoroughly with water and 
then eluted with 2 N aqueous ammonia. 


The portion of the eluate containing 1112 was concen- 
trated to dryness in uacuo, and the white, solid residue was 
recrystallized from ethanol-water; 6096 yield from I; mp 
227-230' dec.; mass spectrum (1 mA, direct-inlet probe, 
240O): mle 242 (M + l ) ,  241 (M), 224 (M - OH), 223 (M 
- HzO), 210 (M - CH2OH), and 138 (cytosinyl group + 
C2H4); UV: Amax 283 ( E  14,500) and 214 (10,100) a t  pH 1, 
274 (10,000) and 225 (sh) a t  pH 7 or pH 13; PMR (di- 
methylsulfoxide-ds, d in parts per million downfield from 
tetramethylsilane): 1.5-2.05 (m, CH2 and CH at  positions 
5 and 4 of the cyclopentane ring), 3.25-3.7 (m, CH20H and 
CH at  position 3 of the cyclopentane ring), 3.7-3.9 (m, CH 
at position 2 of the cyclopentane ring), 4.46-4.85 (m, OH 
of CH20H), 4.85-5.14 (m, CH at position 1 and OH at  
positions 2 and 3 of the cyclopentane ring), 5.65 (center of 


I Styrene-aulfonic acid-type resin, analytical grade (AG-WW-X4. Bio-Rad 


2 Fractions of the eluate containing I1 or Ill were located by monitoring the ef- 
Laboratories, Richmond, Calif.). 


fluent with a UV spectro hotometric monitor. 
Amberlite CC-120. I& form. 


Weight Average Increase 
Dose, Changeb, Lifespan, in Lifespan, 


mdkdday T - C  TIC % 
~~ 


150 -2.2 16.618.1 104 
100 -0.8 13.818.7 58 
67 -1.5 1 1.418.1 40 


0 Mice were implanted intraperitoneally with 1@ L-1210 cells on Day 0. Treat- 
ment was begun on Day 1 and continued through Day 9 (9.d. 1-9). T = treated mice; 
C = control mice. The weight change is the difference on Day 5 between the av- 
erage change in weight of treated mice and the average change in weight of control 
mice. 


doublet, CH at  position 5 of the pyrimidine ring), 6.94 
(broad singlet, NHd,  and 7.57 (center of doublet, CH a t  
position 6 of the pyrimidine ring). 


Compound I11 moved slightly faster than I on a thin- 
layer plate of silica gel with 2-propanol-1 M ammonium 
acetate (7:3) as developing solvent. 


Anal.-Calc. for C10H15N304: C, 49.79; H, 6.27; N, 17.42. 
Found (after drying at  100' for 4 hr): C, 49.57; H, 6.30; N, 
17.45. 


The carbocyclic analog (11) of cyclocytidine was isolated 
from another reaction of I with dimethylformamide- 
thionyl chloride. The mixture of I1 and pyridinium for- 
mate, obtained by chromatographing the reaction product 
on the pyridinium cation-exchange resin', as already de- 
scribed, was stored in a high vacuum for an extended pe- 
riod to volatilize pyridine and formic acid. The residue was 
triturated several times with ether and then with cold 
ethanol. Ethanol evaporation, addition of a second portion 
of cold ethanol, and drying of the crystalline precipitate 
a t  56' afforded I1 formate as a hydrate; TLC, one spot [40 
or 80 pg on silica gel, 2-propanol-1 N ammonium acetate 
(7:3)4, UV detection]; mass spectrum: mle 223 (M), 192 (M 
- CH20H), and 46 (HCOOH); UV: Amax 269 (c 9500) and 
232 (9000) a t  pH 1. 


Anal. -Calc. for CloH13N303.HCOOH-3/4H~O: C, 46.39; 
H, 5.84; N, 14.76. Found: C, 46.29; H, 5.54; N, 15.28. 


Kikugawa and Ichino (10) reported the preparation of 
cytarabine from cytidine through the intermediate for- 
mation of cyclocytidine with dimethylformamide-thionyl 
chloride reagent. The overall yield of cytarabine was about 
27%. When the first procedure outlined for the preparation 
of I11 was applied to the preparation of cytarabine from 
cytidine, the yield of product obtained from the second 
ion-exchange column' was 41%. 


Analysis of the product by high-pressure liquid chro- 
matography showed it to be a mixture of cytarabine and 
cytidine (5545) and indicated an overall yield of about 23% 
of cytarabine. In comparison, the yield of 111 free of I was 
68% at  the same stage. 


In tests performed by standard protocols (ll), the car- 
bocyclic analog of cytarabine was active against L-1210 
leukemia in mice (Table I). 
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Absorption of Insulin Delivered to 
Rabbi t  Trachea Using Aerosol Dosage Form 


Keyphrases 0 Insulin-aerosol dosage forms, tracheal administration, 
absorption, rabbits o Dosage forms, aerosol-insulin, tracheal admin- 
istration, absorption, rabbits 0 Proteins-aerosol dosage forms, insulin, 
tracheal administration, absorption, rabbits 


~~ 


’ To the Editor: 
Insulin, an endogenous hormone used in treatment of 


diabetes mellitus, has been administered parenterally 
rather than orally because i t  readily decomposes in the GI 
tract. However, some effective approaches have been de- 
veloped for oral (1-3), nasal (4), and rectal and aerosol (5, 
6) dosage forms. The aerosol dosage form has been re- 
ceiving much attention because it can be used by diabetic 
patients with little difficulty. 


Wigley et al. (5) reported that insulin delivered to pa- 
tients and volunteers by aerosol inhalation using a nebu- 
lizer was absorbed through the respiratory tract epithelium 
and was an effective therapeutic form for diabetes mellitus 
(5). However, little has been mentioned about the phar- 
maceutical factor that governs insulin absorption from 
aerosol dosage forms. 


The present study was undertaken to investigate the 
bioavailability of powdered aerosol insulin when admin- 
istered intratracheally to  rabbits. 


K 
600c H 


4 


0 1 2 3 4 5 6 1 8 9  
HOURS 


1601 


Figure 1-Plasma concentration profiles of irnmunoreactiue insulin 
(IRI) and glucose after intravenous (A ,  I IJlkg) or intratracheal (B, 2.5 
IJlkg) insulin udministration. Each point represents the mean f SEM 
of three experiments. Broken lines denote immunoreactiue insulin and 
glucose levels in sham-operated rabbits. 


White male rabbits, 2.8-3.1 kg, were anesthetized with 
pentobarbital sodium and maintained under anesthesia 
for the entire experiment. After the animal was secured in 
a supine position, insulin solution (1.0 U/kg) or physio- 
logical saline (as the control) was injected into the ear 
vein. 


Blood samples were collected from the femoral vein a t  
timed intervals to monitor immunoreactive insulin and 
glucose levels in plasma. Four hours after intravenous in- 
sulin injection, the rabbit trachea was exposed and poly- 
ethylene tubing was inserted through a tracheal incision. 
Insulin aerosol was sprayed into the trachea 1 hr after 
surgical treatment, and the appearance of immunoreactive 
insulin and the blood glucose level then were determined 
a t  timed intervals. 


The insulin aerosol formulation was composed of: mo- 
nocomponent porcine insulin’, 5 mg; lactose, 75 mg; 
acetylglycerin monostearate, 50 mg; dichlorodifluo- 
romethane, 3.6 g; and dichlorotetrafluoroethane, 2.4 g. A 
metered aerosol valve was designed to release 0.058 mg (1.5 
U) of insulin/delivery. The  plasma glucose level was 
measured by the method of Hyvarinen and Nikkilh (7), and 
immunoreactive insulin in plasma was determined by the 
method of Desbuquois and Aurbach (8). 


Figure 1 shows the time courses of immunoreactive in- 
sulin and glucose concentrations in plasma after intrave- 
nous injection and after intratracheal aerosol insulin ad- 
ministration. After intravenous administration, there was 
a sharp increase in plasma immunoreactive insulin and a 
decrease in plasma glucose. The decline in plasma glucose 
continued for about 3 hr, although the plasma immuno- 


’ Crystals. lot S 8373101 (blologlcal potency 26.6 1.11 /mg), Novo Industry Co., 
Cupenhagen, Denmark. 
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search. They are of particular interest to physicians, pharmacologists, 
and toxicologists involved in clinical pharmacology and toxicology. 
Volume 3, “Platelets, Thrombosis and Drugs,” will conclude the “Car- 
diovascular Drugs” series. 


Reviewed by William P. Heilman 
Life Science Division 
7’. R. Evans Research Center 
Diamond Shamrock Corporation 
Painesuille, OH 44077 


Quantitative Drug Design: A Critical  Introduction. Medicinal 
Research Series Vol. 8. By YVONNE CONNOLLY MARTIN. 
Dekker, 270 Madison Ave., New York, NY 10016.1978.425 pp. 15 X 
23 cm. Price $38.50. 
This “how to do it” text is a must for anyone interested in the appli- 


cation of quantitative structure-activity relationship methods to mo- 
lecular design. It will introduce the concepts to the beginner, guide the 
efforts of the intermediate, and provide convenient reference material 
for the professional. 


The introduction gives the topics covered and emphasizes the steps 
in drug design: ( a )  find a lead, ( b )  synthesize and test an exploratory se- 
ries, (c) develop quantitative structure-activity relationship models, and 
(d) optimize the lead with quantitative structure-activity relationships. 
The author then plunges into the “guts and workings” of quantitative 
structure-activity relationships. Some topics covered are: extrather- 
modynamic and dc novo approaches, noncovalent interactions, physical 
properties, biological data, equations relating potency and physical 
properties, regression analysis, statistical evaluation, and a detailed ex- 
ample of extrathermodynamic calculations. 


The text is well written, clear, easy to follow, current, well illustrated, 
and well referenced. Of particular importance are the treatment of sta- 
tistics, the detailed examples, the discussion of biological data, and the 
very practical discussion in Chapter 11, Synthesis to Follow up a Lead: 
How to Start and When to Stop. The Appendixes, which are very useful, 
contain equations and definitions, substituent constants, Wiswesser line 
notation, and sources of computer programs and data bases. 


This hook was much needed and has come a t  a time when the field is 
exploding. It is highly recommended for those interested in quantitative 
structure-activity relationships who want to find out what can and cannot 
be done with the methods and !or those working every day with quanti- 
tative structure-activity relationships who want most of the information 
in one handy place. 


Keoiewed by William P. Purcell 
Drug Design Laboratory 
llnicersily of Tennessee Center 


Memphis, TN 38103 
for the Health Sciences 


Marihuana Research Findings: 1976. NIDA Research Monograph 
14. Edited by ROBERT C. PETERSEN. National Institute on Drug 
Abuse, 11400 Rockville Pike, Rockville, MD 20852. 1977.251 pp. 15 
X 23 cm. 
The National Institute on Drug Abuse (NIDA) regularly publishes 


research monographs on various aspects of abused drugs. This book, like 
many of its predecessors, is useful to workers in the area or those con- 
templating future endeavors in that area. The book contains nine chap- 
ters, each representing an area of research interest that in general reflects 
NIDA grant activity in marihuana research. Most chapters have been 
written by experts in the field. A preliminary summary of marihuana 
findings by the editor is quite readable and was the text for the sixth 
edition of the Marihuana and Health Report. 


Chapter 1, written by William McGlothlin, gives an excellent overview 
on the epidemiokxical research findings with marihuana usage during 
the past 10 years, with emphasis on recent findings. Chapters 2 and 3, 
by Ralph Karler, cover the chemistry, metabolism, toxicology, and 
pharmacology of marihuana. These chapters appear to be the weakest 
in the book. The reader has considerable difficulty following the text 
without benefit of chemical structures. Particularly was this problem true 
with the synthetic analogs of marihuana. Surprisingly, there was no 


mention in Chapter 2 of the NIDA-sponsored symposium on marihuana 
assays in humans detailed in Monograph 7. (In the summary by the ed- 
itor, cf., p 12, this symposium was referenced.) 


Chapters 4-6, by Douglas Peter Ferraro, cover the research on be- 
havioral effects, most of which comes from animal studies. Chapter 7, by 
Reese Jones, is the best organized and perhaps the most useful to re- 
searchers starting in this area. This chapter covers the myriad of human 
effects known to occur from marihuana smoking or administration of 
individual cannabinoids. Chapter 8, by Steven Matsuyama and Lissy 
Javrick, details the rather limited knowledge available on genetic and 
immune responses in animals and humans. The final chapter, by Sidney 
Cohen, takes a sort of anecdotal approach to therapeutic aspects of 
marihuana use. Sections on intraocular pressure reduction, bronchodi- 
lation, and anticonvulsant work certainly emphasized some positive ef- 
fects found for various cannabinoids which are not necessarily found in 
marihuana. 


The book is an excellent source for recent references in the marihuana 
area and is recommended mainly for that  reason. Yet the newcomer in 
marihuana research should be forewarned that this short thesis cannot 
completely cover the vast literature of this field. 


Reuiewed by Jimmie L. Valentine 
BioA nalyt ic Laboratory 
School of Pharmacy 
University of Missouri-Kansas City 
Kansas City, MO 64108 


Aliphatic Chemistry, Vol. 5,  A Specialist Periodical Report. Edited 
by A. McKILLOP et al. The Chemical Society, Burlington House, 
London WIV OBN, England. 1977. xii + 337 pp. 14.5 X 22 cm. Price 
$47.00. Available from Special Issues Sales, American Chemical So- 
ciety, 1155 Sixteenth St., N.W., Washington, I!C 20036. 
In the fifth volume of the Specialist Periodical Reports on aliphatic 


chemistry, the authors and editor maintain the excellent quality and the 
well-organized format of the previous volumes. This volume is composed 
of four chapters that survey the literature published during 197s and one 
chapter (Chapter 5) that summarizes the literature for the 2-year period 
of 1974-1975. 


The literature dealing with alkanes, acetylenes, allenes, and olefins 
was contrihuted by ,J. C. Saunders and B. P. Swann, who were also 
coauthors of the corresponding chapter in Volume 4. The task of com- 
piling Chapter 2--by far the longest in this volume-on compounds with 
other functional groups (carhoxylic acids and their derivatives, nitriles 
and isocyanides, aldehydes and ketones, alcohols, amines, alkyl halides, 
ethers, and other types of aliphatic compounds) was performed by E. F. 
V. Scriven. Dr. Scriven maintains the high standards set hy E. W. Colvin, 
who so ably contributed the analogous chapters in all of the preceding 
volumes. 


Progress in the areas of naturally occurring polyolefinic and polya- 
cetylenic compounds (Chapter 3) is reviewed for the fourth consecutive 
year by C. Pattenden. This chapter summarizes reports dealing with 
detection and isolation, structure elucidation, and syntheses of these 
unsaturated natural products. Included are not only open-chain, alicyclic, 
and simple heterocyclic natural products containing polyolet’inic and 
polyacetylenic moieties but also more complex compounds. such as the 
macrolide and ansamycin antibiotics. The view, formerly held, that 
halogen-containing compounds are rare in nature is refuted hy this 
chapter and its predecessors in earlier volumes, particularly by the sec- 
tions that treat compounds from marine sources. 


Chapter 4 on prostaglandins by K. W. Mallion reflects a resurgence 
of interest in syntheses of prostaglandins and their analogs. Synthesis 
routes are amply illustrated with structures and schemes. In Chapter 5, 
F. D. Gunstone surveys the literature of 1974 and 1975 on the biology, 
chemistry, and biochemistry of fatty acids and related compounds. 


It is becoming difficult to review the volumes of this series without 
becoming repetitiously laudatory. The fact remains that this volume and 
its predecessors provide admirahle surveys of the annual literature in the 
specified areas; collectively, they constitute valuable reviews of the recent 
literature (1970-1975) of these areas. It is still a marvel that  such com- 
prehensive coverage of specific (Chapters 3-5) and general (Chapters 1-2) 
topics is presented in a concise, informative, and well-organized style. 


Reviewed by Y. F. Shealy 
Southern Research Institute 
Airmingham, AL 3.5205 


132 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 1. January 1979 












rate of all types of aminocephalosporins was not significantly affected 
by a salt concentration. 


From the present results, i t  is suggested that the dissolution of the 
aminocephalosporins studied cannot be a rate-limiting step in their ab- 
sorption when they are ingested with sufficient water, as concluded 
previously (1) for aminopenicillins. The reduced bioavailability reported 
(12) for the least soluble cephaloglycin may be the result of the instability 
of the antibiotic a t  gastric and intestinal pH (3,12) and of relatively slow 
GI membrane permeability of the dissolved cephaloglycin itself (13). 
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Abstract  0 A high-performance liquid chromatographic method for 
esterified estrogens is described. By using a facile acid hydrolysis ex- 
traction procedure for the sample preparation, the compounds are 
chromatographed as their free phenolic forms. The separation of 
structurally similar compounds, such as equilenin, equilin, estrone, and 
estradiol, was achieved with a reversed-phase column and a methanol- 
water mobile phase. Several samples of bulk mixtures and tablets were 
assayed; the results compared favorably with those obtained using the 
USP XIX method. The method was rapid, and the detector response was 
linear over a wide concentration range. A relative standard deviation of 
15% indicates the reliability and accuracy of  the proposed method. 


Keyphrases Estrogens, esterified-high-performance liquid chro- 
matographic analysis in prepared solutions 0 High-performance liquid 
chromatography-analysis, esterified estrogens in prepared solutions 
o Hormones-esterified estrogens, high-performance liquid chroma- 
tographic analysis in prepared solutions 


A combination drug preparation containing chlordia- 
zepoxide base and esterified estrogens’ is assayed for es- 
trone and equilin by the USP colorimetric procedure. This 
modified Kober reaction procedure is quite lengthy (1) and 
complicated. Quantitation is concerned mainly with the 
proper ratio of the sulfate esters of estrone and equilin, 
calculated on the basis of the total estrogen content. 


BACKGROUND 


The present compendia1 analytical technique is remiss in that minor 
constituents of these complex estrogenic substances, such as equilenin, 
dihydroequilenin, dihydroequilin, and estradiol, are not differentiated 


Menrium, Hoffmann-La Hoche. Nutley, N.J. 


readily ( 2 4 ) .  In an attempt to replace the cumbersome USP assay, many 
steroid separations have been reported. 


In TLC, emphasis is placed on the use of silver nitrate-impregnated 
silica gel plates and a variety of solvent systems for resolution of the 
equine estrogens and their sulfates (5,6). 


Reversed-phase partition liquid chromatographic separation of estrone 
and equilin was achieved (7) by using an argentated mobile phase. The 
presence of small amounts of silver ion produced well-resolved equilin 
and estrone peaks (7). 


Reported GLC determinations of urinary estrogens require preliminary 
purification and isolation on adsorption columns (8) and/or thin-layer 
plates (9.10). These isolated free estrogens are derivatized subsequently 
to a more stable form amenable to the high temperatures encountered 
in GLC. Since these compounds are heat-labile substances, conversion 
to their silyl ethers is mandatory (11-13). I t  is this particular character- 
istic that  makes open-column liquid chromatographic (1416)  and 
high-performance liquid chromatographic (HPLC) applications more 
practical and less time consuming (17-25). 


Published HPLC determinations of conjugated and esterified estrogens 
in commercial dosage formulations are few (20,22,24). Most described 
methods are not applicable to this product hecause derivatizations with 
heat are used prior to the final chromatographic analysis (22-25). 


These problems motivated the development of the assay described in 
this report. An analytical separation of the hydrolyzed esterified estrogens 
in various dosages was obtained by HPLC uia a reversed-phase column 
and a methanol-water mobile phase. 


Data obtained from statistical evaluations show that reliability and 
precision are attained using the method; the total estrogen content is 
easily quantitated by adding the individual estrogens. 


EXPERIMENTAL 


Apparatus-A constant pressure pump2 was used in conjunction with 


Haskel pump in Dupont Instruments model 830 liquid chromatograph. 
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Table I-Linearity Range of Detector Response and Retention 
Times of Estrogen Compounds 


Linear Range, Retention Relative 
PCg Time, Retention 


c o m D o u n d iniected min Time 


2,3.6-TrimethylphenoI - 17.0 1.00 


Equilin 0.09-0.45 26.4 1.55 
Equilinen 0.02-0.09 23.8 1.40 


Estrone 0.06-0.30 29.1 1.71 
Estradiol(17P-isomer) 0.03-0.12 32.6 1.92 


a septumless injector3, a variable wavelength detector4 set a t  280 nm, and 
a :lO-cm X 4-mm i.d. partition column containing silica permanently 
bonded with octadecylsilane5. 


Reagents and Standards-The mobile phase was methanol-water 
(60:40). Methanol and anhydrous sodium sulfate were reagent grade. The 
four estrogens used in the standard preparation were reference grade 
(99%+), as was the internal standard, 2,3,6-trimethylphenoI. 


Chromatographic Separation-The procedure was run a t  ambient 
temperature with a solvent flow of 0.6 ml/min. The UV monitor was set 
a t  280 nm with a sensitivity of 0.04 absorbance unit. Standards and 
samples were injected with a 10-PI syringe. 


Standard Solution Preparations-lnterna1 Standard-Weigh ac- 
curately 20 mg of 2,3,6-trimethylphenoI into a 100-ml volumetric flask. 
Dissolve and dilute to volume with methanol (internal standard stock 
solution). 


Estrone Referenw Standard-Weigh accurately 32 mg of reference 
standard into a 25-1111 volumetric flask. Dissolve and dilute to volume with 
methanol. 


Equilin Rpfererpnce Standard-Weigh accurately 12.5 mg of reference 
standard into a 100-ml volumetric flask. Dissolve and dilute to volume 
with methanol. 


Equilenin Rcferprence Standard-Weigh accurately 12 mg of reference 
standard into a 25-ml volumetric flask. Dissolve and dilute to volume with 
methanol. Subdilute by pipetting 2 ml into a '25-ml volumetric flask and 
bring to volume with methanol. 


Estradiol Reference Standard-Weigh accurately 10 mg of reference 
standard into a 25-ml volumetric flask. Dissolve and dilute to volume with 
methanol. Subdilute by pipetting 3 ml into a 25-ml volumetric flask and 
hring to volume with methanol. 


Combined Reference Standard Solution-Into a 50-ml glass- 
stoppered erlenmeyer flask, pipet the following amounts of the previously 
prepared individual reference standards: 2 ml of estrone solution, 3 ml 
of equilin solution, 2 ml of subdiluted equilenin solution, and 3 ml of 
subdiluted estradiol solution. 


Evaporate the methanolic mixture of estrogens to dryness under a 
nitrogen stream. To the dried residue, add 10 ml of the internal standard 
stock solution. Stopper the flask and mix thoroughly for complete dis- 
solution (working standard solution). 


Sample Preparation-Perform this preparation in duplicate. Into 
a 5O-ml glass-stoppered centrifuge tube, accurately weigh a portion of 
either the bulk substance or finely ground tablet mass equivalent to 4 mg 
of esterified estrogens. Add 10 ml of 1 N HCI and swirl the tube contents 
until the powder is completely dispersed; then shake mechanically for 
approximately 5 min. After removal from the shaker, extract the acidified 
sample with five 20-ml portions of ether, shaking each extract mechan- 
ically for 5 min. (A gel-like emulsion is formed upon shaking but clears 
up immediately on standing; centrifuging hastens the process.) Withdraw 
the ether layer with a syringe, passing each extract through a layer of 
anhydrous sodium sulfate, and collect the combined extracts in an ap- 
propriately sized (-200 ml) amher, glass-stoppered erlenmeyer flask. 


After the final extraction, rinse the sodium sulfate with additional 
ether, add to the combined extracts, and then evaporate to dryness with 
a nitrogen stream. Do not use heat! Dissolve the completely dried residue 
in 10 ml of the internal standard stock solution (working sample solu- 
tion). 


Procedure-Alternately inject 10 rl of the working standard and 
sample solutions into the liquid chromatograph to evaluate the retention 
times and condition of the column and to ensure constant response. 


:' Model U6K injector, Waters Associates, Milford, Mass. 
Model 770 spectroflow monitor, Schoeffel Instruments Corp., Westwood, 


rBondapak CIS. Waters Associates. MilIord, Mass. 
N.J. 


Table 11-Analytical Results fo r  a Typical Lot of Esterified 
Estrogens Bulk Substance 


Estrogen HPLC Colorimetric 
Quantitated Assay Assayn 


Equilenin, mg/g 0.83 
Equilin, mg/ 5.11 
Estrone, m g t  28.88 


Percent claim 103 


Estradiol(17&isomer), mg/ 0.12 
Total estrogen content, m g l  35.54 


- 
3.20 


28.28 
- 
34.89 


101.1 
Equilin to estrone ratio 0.177 0.113 


4 Results as reported by the vendor oia protocol. 


Chromatograph duplicate standards and samples, and determine the 
respective responses using integration or peak height measurements. 


Calculations-The response ratio for any particular estrogen, RRE, 
may be determined as follows: 


(Eq. 1) 


where PE is the peak height of the estrogen in the working standard, PIS 
is the peak height of the internal standard in the working standard, CIS 
is the concentration of the internal standard (milligrams per milliliter) 
in the working standard, and CE is the concentration of the estrogen 
(milligrams per milliliter) in the working standard. 


The amount of each esterified estrogen per gram of sample may be 
calculated as follows: 


mg of esterified estrogen/g of sample 


where Pj.: is the peak height o f  the estrogen in the working sample, PIS 
is the peak height of the internal standard in the working sample, RRE 
is the response ratio for the estrogen as described, CIS is the concentration 
of the internal standard (milligrams per milliliter) in the working sample, 
and F is the dilution factor multiplied by the factor for converting free 
estrogen to the esterified estrogen = 10 X 1.386. 


The amount of each esterified estrogen per tablet may be calculated 
by multiplying the milligrams of esterified estrogen per gram by the av- 
erage unit weight. 


After each component has been quantitated, the total esterified es- 
trogen content of a bulk powder or tablet formulation may be determined 
by adding the amounts found for equilenin, equilin, estrone, and estra- 
diol. 


I 
0 


I 
15 


MINUTES 


I 
30 


Figure 1-Typical standard chromatogram for estrogen and internal 
standard compounds. 


The molecular wdpht of sodium salt of the est.erified estrogen divided by the 
molecular weight of the free estrogen is 1.38. 
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Table 111-Estrogen Content (Milligrams per  Tablet)  of Various Sample Lots by HPLC and the Spectrophotometric Procedure 


Lot 


A-1 
A-2 
A-3 
A-4 
A-5 
B-1 
B-2 
C-Kc-l 
C-Cd-1 


Equilenin 


0.005 
0.004 
0.005 
0.005 
0.005 
0.010 
0.010 
0.01 1 
0.012 


Total“ 
Equilin + 


Equilin Estrone Estradiol Estrone 


0.035 0.172 0.003 0.207 
0.032 0.167 0.004 0.199 
0.035 0.176 0.005 0.211 


0.070 0.332 0.010 0.402 
0.057 0.316 0.008 0.373 


Total 
Four Spectro- 


Estrogens photometricb 


0.215 0.197 
0.206 0.206 
0.221 0.208 
0.226 0.197 
0.225 0.196 
0.444 0.419 
0.442 0.404 
0.412 0.417 
0.392 0.41 1 


C - K C - 2  0.01 1 0.050 0.324 0.009 0.374 0.408 0.406 
C-Cd-2 0.013 0.062 0.329 0.010 0.391 0.414 0.391 


0 HPLC determination. b Equilin + estrone content. Kernels or uncoated tablets. Coated tablets. 


RESULTS AND DISCUSSION 


The determination of esterified estrogens in bulk substrates and 
combination dosage tablets presents many analytical problems. The 
time-consuming sample preparation prior to the colorimetric assay has 
too many steps where errors can be introduced, making final results 
questionable. 


After a simple hydrolysis procedure, the converted free estrogens are 
extracted readily with ether. The evaporated extract residues, reconsti- 
tuted in a methanolic solution containing the internal standard, are 
chromatographed; a run is completed in approximately 35 min. Typical 
standard and sample chromatograms are shown in Figs. 1 and 2. 


With a flow rate of 0.6 ml/min, theoretical plates were calculated to 
range between 2100 and 3700 for the estrogens. Linearity of detector 
response and relative retention time data of each quantifiable estrogen 
are listed in Table I. 


To verify noninterference of tablet excipients with estrogen elutions, 
placebo tablets were pulverized, extracted, reconstituted in methanol, 
and chromatographed. A baseline run was obtained, clearly showing no 
interference. Another portion of the powdered placebo mass was spiked 
with an equivalent amount of the bulk sodium estrone sulfate; upon ex- 
traction and chromatography, the recovery of 99+% was achieved. 


A mixture of chlordiazepoxide base and ground placebo tablets, in the 
proportion found in the particular dosage form, was subjected to the 
extraction procedure and chromatography; no extraneous peaks were 
evident in any areas of the estrogen elutions. 


T o  assure completeness of the extraction procedure, five individual 
extracts of 20 ml of ether were evaporated to dryness, dissolved in 2 ml 
of methanol, and chromatographed. This procedure was performed on 
two lots of tablets and on a bulk lot of the esterified estrogen mixture. 
The component percentages found per individual estrogens averaged 45.5 


II 
W z 
0 


E 
W 
I I  


f 
J P a a 
K 


I 
30 


Figure 2-Typical sample chromatogram for a tablet formulation. 


and 43.8 for the first and second extractions, respectively. The remaining 
extracts contained 5-2096 for the third, 2-6% for the fourth, and 1% for 
the fifth, These data substantiated the need for more than three ex- 
tractions. 


Results obtained for a typical lot of esterified estrogen bulk substance 
using the proposed HPLC method and the current spectrophotometric 
procedure are presented in Table 11; data obtained from analyses of 
various dasage forms are compiled in Table 111. 


Statistical evaiuations performed on six samples per lot of uncoated 
and coated tablets produced the following results (milligrams per tablet) 
for total estrogens: Lot C-K-1, 0.442, 0.429, 0.380, 0.390, and 0.423 
(mean f SD = 0.41 f 0.02); Lot C-C-1,0.375,0.380,0.379,0.391,0.396, 
and 0.411 (mean f SD = 0.39 f 0.02); Lot C-K-2, 0.391,0.398, 0.411, 
0.418,0.412, and 0.418 (mean f SD = 0.42 f 0.01); and Lot C-C-2,0.405, 
0.414,0.445,0.398,0.411, and 0.408 (mean f SD = 0.41 f 0.02). 


The data presented affirm that this method is more acceptable than 
the procedure currently used because it is a rapid analytical technique 
of high precision and specificity. 
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Abstract  0 The free energies of adsorption of procaine, lidocaine, and 
tetracaine at  the air-water interface were estimated from plots of surface 
pressure (T 5 5 dynes/cm) against bulk concentration. Their interaction 
energies with dipalmitoylphosphatidylethanolamine and dipalmitoyl- 
lecithin monolayers, previously spread a t  the air-water interface, were 
estimated from the increase of surface pressure with increasing concen- 
trations of the subphase-injected anesthetic. Free energies of adsorption 
and the interaction energies were in the order procaine < lidocaine < 
tetracaine and correlate with relative anesthetic potencies and the 
blocking of nerve conduction. 


Keyphrases 0 Anesthetics, local-free energies of adsorption a t  air- 
water interface and interaction energies with phospholipid monolayers 
correlated with pharmacological activity 0 Adsorption, free bnergies- 
various local anesthetics a t  air-water interface, correlated with phar- 
macological activity Interaction energies-various local anesthetics 
with phospholipid monolayers, correlated with pharmacological activity 
0 Phospholipid monolayers-interaction energies with various local 
anesthetics correlated with pharmacological activity Surface activi- 
ties-various local anesthetics, correlated with pharmacological activi- 
ty 


The correlation between the potency of local anesthetics 
in blocking nerve conduction and their penetrations into 
lipidic monolayers has been demonstrated (1-5). More 
recently, it was shown by NMR (6,7) and spin-labeled local 
anesthetics (8) that they do penetrate into zwitterionic 
phospholipid bgayers of liposomes. 


The present work examines the surface activities of 
procaine, lidocaine, and tetracaine at  the air-aqueous in- 
terface and estimates their interaction energies with di- 
palmitoylphosphatidylethanolamine and dipalmitoyl- 
lecithin monolayers, previously spread a t  the air-aqueous 
interface. 


EXPERIMENTAL 


Reagents-Procaine hydrochloride’, lidocaine hydrochloride2, and 
tetracaine hydrochloride2 were used without further purification. Di- 
palmitoyllecithin~, dipalmitoylph~sphatidylethanolamine~, h e x a d  used 
for the preparation of the spreading solutions, and distilled water used 
for the preparation of the solutions fulfilled the requirements previously 


I Sigma Chemical Co., St. Louis, Mo. 
Pfaltz and Bauer, Stamford, Conn. 
Applied Science Laboratories, State College, Pa. 
Schwarz-Mann Research Laboratories, Orangeburg, N.Y. 
J. H. Baker Chemical Co., Phillipsburg, N.J. 


specified (9,lO). Analytical reagent sodium chloride6 was roasted for 6 
hr a t  700’ prior to the preparation of the aqueous solutions to remove 
surface-active organic impurities. 


Instruments and Methods-Surface tension was measured with a 
Wilhelmy platinum plate attached to an ele~trobalance~ whose output 
was fed into a recordels. The methods for the measurement of the surface 
tension of aqueous solutions, y, and the change of the surface pressure, 
AT, of the phospholipid monolayer as a function of time after drug in- 
jection in the subphase were described previously (9-11). All experiments 
were performed in 0.15 M NaCl a t  20 f lo. 


In the injection experiments, the initial surface pressure of the phos- 
pholipid monolayer spread a t  the air-0.15 M NaCl interface was 5 f 0.1 
dyneshm. The surface pressure, x ,  of the drug solution is the difference 
between the previously determined surface tension of the 0.15 M NaCI, 
Y N ~ C I ,  and the surface tension of the drug solution in this saline solution, 
Y d .  The surface pressure, T, was fitted to a function of the drug concen- 
tration, C, by digital computerized nonlinear regression to exponential 
equations of the form: 


(Eq. 1) = YNaC, - Y d  = BlelRz(logC)2+AnlogCl 


where the Ri values were adjustable parameters (9). 
Densities of the drug solutions were determined with 10-ml specific 


gravity bottles previously calibrated with water. The precision of the 
weighing was f 0.1 mg. 


RESULTS 


Adsorption at Air-Aqueous Interface-Typical plots of the surface 
pressure against the logarithm of the concentration (moles per liter) for 
procaine hydrochloride, lidocaine hydrochloride, and tetracaine hydro- 
chloride in 0.15 M NaCl are given in Fig. 1. 


A simple expression for the free energy of adsorption was derived (12) 
from thermodynamic and molecular kinetic considerations: 


T 
A G O  = -RT In - (Eq. 2) x; 


where AGO is the change in standard free energy associated with the 
adsorption of the solute a t  an air-water interface, T is the surface pres- 
sure, X ;  is the activity of the solute, and R and T are the universal gas 
constant and the absolute temperature, respectively. Thus, the numerical 
value of AG can be calculated from the slope, T/X& of a linear plot of T 


against the mole fraction, X2, of the snlute in bulk solution when Xp - 
0 and X Z  - X ;  a t  low mole fractions. This expression was used recently 
for the estimation of the free energy of adsorption of alkanols from CI 
to C14 a t  the air-aqueous interface (11). 


The plots (Fig. 2) of T against X Z  for the three compounds were rea- 
sonably linear in the region T I 5 dynes/cm under the experimental 


Mallinckrodt Chemical Works, St. Louis, Mo. 
Cahn Division, Ventron Instrumental Corp., Paramount, Calif. 


JJ Leeds Northrup, North Wales, Pa. 
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Abstract  0 A high-performance liquid chromatographic (HPLC) 
analysis is described for dienestrol as a drug substance and in cream, 
foam, and tablet dosage forms. After incorporation of the drug or dosage 
form into a solvent mixture containing an internal standard, biphenyl, 
an aliquot was chromatographed using a reversed-phase medium, fol- 
lowed by UV spectrophotometric detection a t  254 nm. The response of 
the chromatographic system was linear over a concentration range cor- 
responding to 50-20096 of the labeled amount of dienestrol. Satisfactory 
accuracy and precision were confirmed by analyzing cream by the stan- 
dard addition method. The advantages of the HPLC method are i t s  
simplicity, speed, and sensitivity, which permit direct analysis of sin- 
gle-dose quantities of dienestrol. 


Keyphrases 0 Dienestrol-analysis by high-performance liquid chro- 
matography, in various dosage forms 0 High-performance liquid chro- 
matography-analysis, dienestrol in various dosage forms Estrogens, 
synthetic-high-performance liquid chromatographic analysis in various 
dosage forms 


Dienestrol [4,4’-(1,2-diethylidene-1,2-ethanediyl)bis- 
phenol, I] is a synthetic estrogenic compound used for the 
treatment of osteoporosis and estrogen deficiency. Because 
of its high level of potency, the dose used is very small. 
Therefore, analysis of pharmaceutical preparations re- 
quires not only separation of the compound from the 
dosage form matrix but also detection of microgram 
quantities of drug. 


BACKGROUND 


Separation of dienestrol from associated interfering substances has 
been accomplished by TLC (I) ,  solvent extraction (2), open column 
chromatography (2, 3), and reversed-phase high-performance liquid 
chromatography (HPLC) at  elevated temperatures (4). Quantitation has 
been obtained by UV spectrophotomety of dienestrol itself or of the in- 
dene formed by acid-induced isomerization (2). A recent publication (5) 
discussed the optimization of a normal-phase HPLC separation of di- 
enestrol but not its applicability to pharmaceutical dosage forms. 


The method of analysis official in NF XIV (6) for dienestrol cream 
requires a preliminary solvent extraction followed by lengthy column 
chromatography. The isolated phenolic fraction is then reacted with 
nitrous acid, and the nitrosophenols are determined polarographically 
(7). Although the method is sensitive, it is time consuming and subject 
to wide variation due to the number of manipulations required. 


The purpose of this study was to use the inherent speed and sensitivity 
of HPLC to develop a simple, direct, accurate, and sensitive enough 
method for dienestrol to determine single-dose quantities. Such an 
analysis would be particularly applicable in quality assurance and sta- 
bility testing situations. 


The proposed method involves only dissolution of the sample, addition 
of the internal standard, and introduction of an aliquot of the resulting 
mixture onto a liquid chromatograph with a reversed-phase column and 
a UV detector operated a t  254 nm. The accuracy and precision are com- 
parable to those reported for other methods, but the time required is 
significantly less. 


EXPERIMENTAL 


Reagents a n d  Chemicals-Dienestrol NF reference standard was 
used as received. Biphenyl’ was recrystallized twice from ethanol, dried 
in uacuo, and stored in a vacuum desiccator, mp 69-71’. 


Solvents-Acetonitrile2 (99 mole % pure) was used as received. 
Apparatus-The HPLC system consisted of a pump3 and a UV 


monito+ operated a t  254 nm. Samples were introduced using a loop in- 
jector6 with a fixed volume of 20 PI. The loop injector was equipped with 
a sample prefilter (8). The output of the detector was displayed on a re- 
cordefi having a full-scale range of 10 mv. The output signal was inte- 
grated, and results were calculated using an electronic integrator’. The 
25-cm X 4.6-mm i.d. stainless steel column contained reversed-phase 
packing material8. The mobile phase was pumped a t  a pressure of about 
1600 psig, which resulted in a flow rate of 3.0 ml/min. 


A mechanical shaker9 was used in the extraction of samples. 
Mobile Phase-The mobile phase, a mixture of acetonitrile and water 


(40:60), was degassed in uacuo prior to use. 
Standard Solutions-Dienestrol Standard Solution- An accurately 


weighed 0.0500-g sample of dienestrol was transferred to a 100-ml volu- 
metric flask and diluted to volume with acetonitrile. 


Internal Standard Solution-An accurately weighed 0.0500-g sample 
of biphenyl was transferred to a 100-ml volumetric flask and diluted to 
volume with acetonitrile. 


Diluted Internal Standard Solution-Exactly 5.0 ml of internal 
standard solution was transferred to a 250-ml volumetric flask and diluted 
to volume with acetonitrile. 


Dienestrol D r u g  Substance-Standard Preparation-Exactly 2.0 
ml of dienestrol standard solution and 2.0 ml of internal standard solution 
were transferred to a 100-mi volumetric flask and diluted to volume with 
acetonitrile. A 20-rl sample was introduced into the liquid chromato- 
graph. The areas under the two peaks were measured, and the ratio, R,, 
was calculated by dividing the area of the dienestrol peak by the area of 
the internal standard peak. 


Assay Preparation-About 50 mg of dienestrol was weighed and 
transferred to a 100-ml volumetric flask and diluted to volume with ac- 


Eastman Kodak Co.. Rochester, N.Y. 
2 Fisher Scientific Co., Fair Lawn, N.J. 


Constnmetric IIC, Laboratory Data Control. Riviera Beach, Fla. ‘ Model 1203, Laboratory Data Control. 
6 Model HPSV-20, Spectra-Physics. * Omniscribe model 5211-151, Houston Instruments, Austin, Tex. 
7 Model 338014, Hewlett-Packard, Avondale, Pa. 


9 Eberbach Carp.. Ann Arbor, Mich. 
Partisil PXS-1025 ODS, Whatman, Clifton, N.J. 
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etonitrile. Exactly 2.0 ml of this solution and 2.0ml of internal standard 
solution were transferred to a 100-ml volumetric flask and diluted to 
volume with acetonitrile. 


Assay-A 2 0 4  sample was introduced into the liquid chromatograph. 
The areas under the two peaks were measured, and the ratio, R,, was 
calculated by dividing the area of the dienestrol peak by the area of the 
internal standard peak. The quantity, in micrograms of dienestrol present 
in the sample, was calculated by the formula: 


dienestrol (pg) = W,(R,/R,) (Eq. 1) 


where R, and R, are as defined previously and W, is the weight, in mi- 
crograms, of dienestrol present in 10.0 ml of the standard preparation. 


Dienestrol Cream-Standard Preparation-The procedure was as 
given under Dienestrol Drug Substance. 


Assay Preparation-An accurately weighed quantity of the cream, 
equivalent to not less than 100 fig of dienestrol, was transferred to a 25-ml 
glass-stoppered flask, and 10.0 ml of diluted internal standard solution 
was added and agitated on a mechanical shaker for 15 min. The resulting 
suspension was poured into a 15-ml conical centrifuge tube and centri- 
fuged a t  high speed for 5 min. 


Assay-The procedure was as given under Dienestrol Drug Sub- 
stance. 


Dienestrol Foam-Standard Preparation-The procedure was as 
given under Dienestrol Drug Substance. 


Assay Preparation-The dienestrol container was shaken vigorously, 
the actuator was depressed, and a portion of the contents was discharged 
into a 125-ml glass-stoppered flask. The flask was immersed in a 60’ 
water bath, and the contents were swirled until the entrapped propellant 
was dispelled and there was no further reduction in volume. Then the 
procedure was as given under Dienestrol Cream Assay Preparation. 


Assay-The procedure was as given under Dienestrol Drug Sub- 
stance. 


Dienestrol Tablets-Diluted Biphenyl Solution-Exactly 5.0 ml 
of internal standard solution was transferred to a 250-ml volumetric flask 
and diluted to volume with mobile phase. 


Standard Preparation-Exactly 2.0 ml of dienestrol standard solution 
and 2.0 ml of internal standard solution were transferred to a 100-ml 
volumetric flask and diluted to volume with mobile phase. The prepa- 
ration continued as directed under Dienestrol Drug Substance Standard 
Preparation, beginning with: “A 2O-pl sample was introduced . . . .” 


Assay Preparation-A single dienestrol tablet was weighed and 
transferred to a glass-stoppered flask. An exactly measured quantity of 
diluted biphenyl solution was added such that the final concentration 
of dienestrol was nominally 10 pg/ml. The solution was agitated on a 
mechanical shaker for 15 min or until the tablet had completely disin- 
tegrated. The resulting suspension was poured into a 15-1111 conical cen- 
trifuge tube and centrifuged a t  high speed for 5 min. 


Assay-The procedure was as given under Dienestrol Drug Sub- 
stance. 


System Suitability Test-Five injections of the standard preparation 
were chromatographed as directed under Dienestrol Cream. In a suitable 
system, dienestrol exhibits one major peak with a retention time of about 
0.71 relative to the internal standard and the resolution factor (9) between 
dienestrol and the internal standard is not less than 2.5. The relative 
standard deviation of the ratio of the peak areas of dienestrol to the peak 
areas of the internal standard should be not more than 2%. 


RESULTS AND DISCUSSION 


Mobile Phase-The suggested mobile phase, acetonitrile-water 
(4060), was used for most of the work reported here. However, when new 
columns or those from manufacturers10 other than the one cited under 
Experimental were used, adjustments were necessary in the relative 
proportions of the mobile phase components to achieve acceptable sep- 
arations. Mobile phases containing as much as 55% acetonitrile were used 
with some columns with satisfactory results. 


Higher proportions of acetonitrile reduced the retention times and, 
consequently, the time for each analysis, but an undesirable reduction 
in the resolution of dienestrol and the internal standard may result if the 
amount of acetonitrile is excessive. The suggested mobile phase should 
be used when required for sample dissolution because of the limited 
solubility of dienestrol in aqueous media. 


Chromatographic Response-The typical response of dienestrol 
and the internal standard to the chromatographic system is shown in Fig. 


‘OrBondapak C18, Waters Associates, Milford. MA 01757; Datasorb ODs. 10 
mm X 25 cm, Laboratory Data Control. 
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Figure 1-Typical chromatogram of dienestrol cream. Key: A, dien- 
estrol(0.160 pg); and B, internnl standard (0.2 pg). Detector range was 
0.032 aufs. 


1. This chromatogram was obtained from the analysis of dienestrol cream 
containing 80.1 pglg of dienestrol. 


T o  determine the linearity of the chromatographic response, a cali- 
bration curve was run in which the internal standard concentration was 
maintained constant while the dienestrol concentration was varied. The 
resulting response was linear (r = 0.999) over a range corresponding to 
quantities of dienesterol that would be obtained in the analysis of dosage 
forms containing 50-200% of the label claim. The intercept wasessentially 
zero. The limit of sensitivity, defined as that quantity of dienestrol which, 
when injected on the column, gave a symmetrical peak with a height a t  
least twice that of the noise level, was 1 ng. 


No degradation of column performance was noted even after hundreds 
of injections. A s  a precautionary measure, the column was rinsed thor- 
oughly with acetonitrile a t  the end of each day and kept filled with ace- 
tonitrile. 


Analysis of Dosage Forms-Table I gives the results obtained from 
the analysis of some commercially available dosage forms containing 
dienestrol. In all cases except that  of the cream, the amount recovered 
was essentially that claimed to be present by the manufacturer. The 
precision was also satisfactory, as indicated by the standard deviations 
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Table I-Determination of Dienestrol by HPLC 
Drug Entity Label Claim Mean SD n5 


Powder 99.91 * 1.02 4 
78.46 1.52 9 


104.83 0.50 6 Foam 100 ccglg 
Tablet 100 pgltablet 100.07 4.48 10 


Number of samples analyzed. * Percent of label claim 


Cream 100 pg/g 


Table  11-Single-Tablet Analysis of 0.1-mg Dienestrol Tablets 
Dienestrol Found, 


% of claim Tablet Weight, g 
0.1614 
0.1499 
0.1395 
0.1722 


0.1550 
0.1626 
0.1546 
0.1626 
0.1606 


0.1487 


101.71 
103.83 
97.08 


1oo.m 
97.23 
99.83 


106.47 
90.53 
99.35 


103.80 
Mean 0.1567 100.07 


RSD, % 5.87 4.48 


Table  111-Analysis of Dienestrol Cream by HPLC with 
Standard Addition 


Dienestrol Added“, Dienestrol Standard 
p g k  Found Recovered” 


0 78.46 - 
25 24.59 98.4 
50 50.44 100.9 


Percent of amount added. 


of 1.52% or less except with tablets. Since all analyses of tablets were done 
on single tableta (Table II), the variation in tablet weight, which was 5.87 
(% RSD) for the samples taken, was superimposed on the usual analytical 
variation due to weighing, pipetting, and diluting. If the results were 
corrected to a constant tablet weight or if a composite sample were ana- 
lyzed, the variability would probably be less than that reported. 


The low recoveries obtained from cream samples were assumed initially 
to be the result of incomplete extraction of dienestrol from the cream 
base. Various techniques, including heat, longer extraction times, and 
different mixtures of solvents, were employed to improve recoveries, but 
none increased the quantity of dienestrol recovered. Therefore, it was 


decided to verify the accuracy of the results by the method of standard 
addition (10). Three sets of samples of dienestrol cream were weighed 
and extracted in the usual manner with acetonitrile containing I0 pgiml 
of internal standard and 0,25, and 50 pug of dienestroll10 ml. 


The results obtained on the cream samples containing no added di- 
enestrol confirmed the earlier analyses (Table 111). Recovery of the added 
dienestrol was 98.4% For the 25-pg samples and 100.9% for the 50-pg 
samples. Therefore, it was concluded that the analytical results accurately 
reflected the true content of dienestrol in the sample used. 
Because of the proven photochemical instability of synthetic estrogens 


of similar chemical structure (4), samples should be analyzed promptly 
after dissolution. A sample of dienestrol standard solution that had been 
left exposed to ambient light for 4 days showed no chromatographic peak 
a t  the dienestrol retention time. Instead, three smaller peaks with lower 
retention times were obsented. They did not interfere with the dienestrol 
or internal standard peaks and, therefore, did not detract from the 
specificity of the method. 


Other UV-absorbing ingredients in several formulations were benzoic 
acid, methylparaben, propylparaben, and nonoxynol. Qualitative analysis 
of these compounds showed no interference with dienestrol or the internal 
standard. 
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Absorption of Insulin Delivered to 
Rabbi t  Trachea Using Aerosol Dosage Form 
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istration, absorption, rabbits 0 Proteins-aerosol dosage forms, insulin, 
tracheal administration, absorption, rabbits 


~~ 


’ To the Editor: 
Insulin, an endogenous hormone used in treatment of 


diabetes mellitus, has been administered parenterally 
rather than orally because i t  readily decomposes in the GI 
tract. However, some effective approaches have been de- 
veloped for oral (1-3), nasal (4), and rectal and aerosol (5, 
6) dosage forms. The aerosol dosage form has been re- 
ceiving much attention because it can be used by diabetic 
patients with little difficulty. 


Wigley et al. (5) reported that insulin delivered to pa- 
tients and volunteers by aerosol inhalation using a nebu- 
lizer was absorbed through the respiratory tract epithelium 
and was an effective therapeutic form for diabetes mellitus 
(5). However, little has been mentioned about the phar- 
maceutical factor that governs insulin absorption from 
aerosol dosage forms. 


The present study was undertaken to investigate the 
bioavailability of powdered aerosol insulin when admin- 
istered intratracheally to  rabbits. 


K 
600c H 


4 


0 1 2 3 4 5 6 1 8 9  
HOURS 


1601 


Figure 1-Plasma concentration profiles of irnmunoreactiue insulin 
(IRI) and glucose after intravenous (A ,  I IJlkg) or intratracheal (B, 2.5 
IJlkg) insulin udministration. Each point represents the mean f SEM 
of three experiments. Broken lines denote immunoreactiue insulin and 
glucose levels in sham-operated rabbits. 


White male rabbits, 2.8-3.1 kg, were anesthetized with 
pentobarbital sodium and maintained under anesthesia 
for the entire experiment. After the animal was secured in 
a supine position, insulin solution (1.0 U/kg) or physio- 
logical saline (as the control) was injected into the ear 
vein. 


Blood samples were collected from the femoral vein a t  
timed intervals to monitor immunoreactive insulin and 
glucose levels in plasma. Four hours after intravenous in- 
sulin injection, the rabbit trachea was exposed and poly- 
ethylene tubing was inserted through a tracheal incision. 
Insulin aerosol was sprayed into the trachea 1 hr after 
surgical treatment, and the appearance of immunoreactive 
insulin and the blood glucose level then were determined 
a t  timed intervals. 


The insulin aerosol formulation was composed of: mo- 
nocomponent porcine insulin’, 5 mg; lactose, 75 mg; 
acetylglycerin monostearate, 50 mg; dichlorodifluo- 
romethane, 3.6 g; and dichlorotetrafluoroethane, 2.4 g. A 
metered aerosol valve was designed to release 0.058 mg (1.5 
U) of insulin/delivery. The  plasma glucose level was 
measured by the method of Hyvarinen and Nikkilh (7), and 
immunoreactive insulin in plasma was determined by the 
method of Desbuquois and Aurbach (8). 


Figure 1 shows the time courses of immunoreactive in- 
sulin and glucose concentrations in plasma after intrave- 
nous injection and after intratracheal aerosol insulin ad- 
ministration. After intravenous administration, there was 
a sharp increase in plasma immunoreactive insulin and a 
decrease in plasma glucose. The decline in plasma glucose 
continued for about 3 hr, although the plasma immuno- 


’ Crystals. lot S 8373101 (blologlcal potency 26.6 1.11 /mg), Novo Industry Co., 
Cupenhagen, Denmark. 
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reactive insulin was almost completely cleared within 1 hr. 
After intratracheal insulin administered by aerosol, the 
circulating plasma immunoreactive insulin showed a sig- 
nificant rise and there was a sustained decline in the 
plasma glucose level. 


The bioavailability calculated from the area under the 
plasma immunoreactive insulin curves after intratracheal 
aerosol administration of about 2.5 U of insulin/kg was 
almost the same as that after intravenous injection of 1 
U/kg. Wigley et al. ( 5 )  reported that the plasma immu- 
noreactive insulin area with aerosol delivery of about 3 
U/kg was 7-16% of that after intravenous injection of 0.2 
U/kg. This low bioavailability might depend on many 
factors such as adherence to the glass nebulizer, the mouth, 
and the throat. Our results indicated that most of the in- 
sulin (-40%) delivered directly into the trachea in an 
aerosol formulation is absorbed into the bloodstream 
through the epithelial layer of the respiratory tract. Ac- 
cordingly, if an aerosol formulation could be administered 
directly into the trachea, it could be an effective tool for 
clinical applications of proteins and peptides. 
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REVIEWS 


Analysis of Drugs and Metabolites by Gas Chromatography-Mass 
Spectrometry. Vol. 1: Respiratory Gases, Volatile Anesthetics, 
Ethyl Alcohol, and  Related Toxicological Materials; Vol. 2: 
Hypnotics, Anticonvulsants, and Sedatives; Vol. 3 Antipsychotic, 
Antiemetic, and Antidepressant Drugs; Vol. 4: Central  Nervous 
System Stimulants; Vol. 5: Analgesics, Local Anesthetics, and 
Antibiotics. By BENJAMIN J. CUDZINOWICZ and MICHAEL J .  
GUDZINOWICZ. Dekker, 270 Madison Avenue, New York, NY 10016, 
Vol. 1: 1977, 223 pp., 15 X 23 cm, Price $23.75; Vol. 2: 1977,493 pp.. 15 
X 23 cm, Price $45.00; Vol. 3: 1977,268 pp., 15 X 23 cm, Price $29.75; 
Vol. 4: 1978,458 pp., 15 X 23 cm, Price $45.00, Vol. 5: 1978,541 pp., 15 
X 23 cm, Price $55.00. 
The above titles are the first five volumes in what the publisher 


promises to be a continuing series. Indeed, the flyleaf of Volume 5 states 
that Volume 6 will cover cardiovascular, antihypertensive, hypoglycemic, 
and thyroid-related agents. The stated purposes of this series are: to 
provide a chronological literature compilation of the CLC and GLC-mass 
spectrometry procedures for the analysis of specific drugs and their 
metabolites; to provide qualitative and quantitative procedures in such 
detail that they might be reproduced “faithfully” in the. reader’s labo- 
ratory; to present the results, precision, accuracy, and limits of detection 
achieved by a given procedure; and to indicate, wherever possible, the 
procedure’s applicability to pharmacokinetic studies. 


Each volume has a separate author and subject index. These indexes 
are not cumulative, but that is not necessary since each volume is self- 
contained. The authors assume that the reader is familiar with GLC and 
GLC-mass spectrometry. No pages are wasted on cursory introductory 
chapters, although the authors do include a few sketches of special in- 
strument modifications such as sampling traps and injection ports. Where 
appropriate, the chemistry of a chemical class is described in an expanded 
discussion. which usually contains the structures and sometimes the 
biotransformations. Each chapter contains representative GLC tracings 


and tabulated retention data. Some mass spectra or printouts of mass 
fragment values are presented. 


A logical question is: Does this series duplicate or overlap Analytical 
Profiles? T o  a limited extent, the answer is yes, only because GLC and 
mass spectra analyses are found in Anatyticof Profiles. Whereas the latter 
deals more with the pure drug, Analysis of Drugs and Metabolites by Gas 
(’hromatography-Mass Spectrometry emphasizes the analysis of mix- 
tures that include the specific drugs under discussion. The two series 
complement each other, and the volumes covered in this review discuss 
a much larger group of compounds. 


Volume 1 consists of two chapters of about equal length. The first 
chapter discusses respiratory gases, volatile anesthetics, and related 
toxicological materials. The second includes sterilizing agents, common 
organic solvents found in blood, and riot-control aerosol irritants. The 
second chapter also features ethanol and volatile trace components in 
breath, body fluids, and body tissues. The term “volatile” may be a little 
misleading, because the discussion on urine includes screening of urinary 
steroids and acids plus other chemicals. 


The topics become more pharmaceutically oriented in the remaining 
volumes. About half of Volume 2 is devoted to barbiturates. One-third 
ot‘ the volume is a chapter that  includes chloral derivatives, tertiary 
acetylenic alcohols, cyclic ethers, carbamates and ureides, piperdi- 
nediones, quinazalones, benzodiazepines, and carbamazepine. The third 
and final chapter makes up about 20 percent of the book and covers the 
traditional anticonvulsants including hydantoins, succinimides, primi- 
done, poramethadione and trimethadione, and some miscellaneous 
an ticonvulsants. 


Volume 3 has two chapters of about equal length. Chapter 1 covers 
phenothazines, butyrophenones, and thioxanthines; Chapter 2 includes 
a moderate discussion on monoamine oxidase inhibitors and a rather 
complete coverage of the tricyclic antidepressants. 


Volume 4 also contains two chapters of ahout equal length. Most of 
Chapter 1 is devoted to the amphetamines and related compounds, with 
the remainder including the xanthines and pentylenetetrazol. Chapter 
2 mainly covers the phenylethylamine-related compounds, with the 
balance devoted to tryptamine- and propranolol-related compounds. 
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Abstract  0 The free energies of adsorption of procaine, lidocaine, and 
tetracaine at  the air-water interface were estimated from plots of surface 
pressure (T 5 5 dynes/cm) against bulk concentration. Their interaction 
energies with dipalmitoylphosphatidylethanolamine and dipalmitoyl- 
lecithin monolayers, previously spread a t  the air-water interface, were 
estimated from the increase of surface pressure with increasing concen- 
trations of the subphase-injected anesthetic. Free energies of adsorption 
and the interaction energies were in the order procaine < lidocaine < 
tetracaine and correlate with relative anesthetic potencies and the 
blocking of nerve conduction. 


Keyphrases 0 Anesthetics, local-free energies of adsorption a t  air- 
water interface and interaction energies with phospholipid monolayers 
correlated with pharmacological activity 0 Adsorption, free bnergies- 
various local anesthetics a t  air-water interface, correlated with phar- 
macological activity Interaction energies-various local anesthetics 
with phospholipid monolayers, correlated with pharmacological activity 
0 Phospholipid monolayers-interaction energies with various local 
anesthetics correlated with pharmacological activity Surface activi- 
ties-various local anesthetics, correlated with pharmacological activi- 
ty 


The correlation between the potency of local anesthetics 
in blocking nerve conduction and their penetrations into 
lipidic monolayers has been demonstrated (1-5). More 
recently, it was shown by NMR (6,7) and spin-labeled local 
anesthetics (8) that they do penetrate into zwitterionic 
phospholipid bgayers of liposomes. 


The present work examines the surface activities of 
procaine, lidocaine, and tetracaine at  the air-aqueous in- 
terface and estimates their interaction energies with di- 
palmitoylphosphatidylethanolamine and dipalmitoyl- 
lecithin monolayers, previously spread a t  the air-aqueous 
interface. 


EXPERIMENTAL 


Reagents-Procaine hydrochloride’, lidocaine hydrochloride2, and 
tetracaine hydrochloride2 were used without further purification. Di- 
palmitoyllecithin~, dipalmitoylph~sphatidylethanolamine~, h e x a d  used 
for the preparation of the spreading solutions, and distilled water used 
for the preparation of the solutions fulfilled the requirements previously 


I Sigma Chemical Co., St. Louis, Mo. 
Pfaltz and Bauer, Stamford, Conn. 
Applied Science Laboratories, State College, Pa. 
Schwarz-Mann Research Laboratories, Orangeburg, N.Y. 
J. H. Baker Chemical Co., Phillipsburg, N.J. 


specified (9,lO). Analytical reagent sodium chloride6 was roasted for 6 
hr a t  700’ prior to the preparation of the aqueous solutions to remove 
surface-active organic impurities. 


Instruments and Methods-Surface tension was measured with a 
Wilhelmy platinum plate attached to an ele~trobalance~ whose output 
was fed into a recordels. The methods for the measurement of the surface 
tension of aqueous solutions, y, and the change of the surface pressure, 
AT, of the phospholipid monolayer as a function of time after drug in- 
jection in the subphase were described previously (9-11). All experiments 
were performed in 0.15 M NaCl a t  20 f lo. 


In the injection experiments, the initial surface pressure of the phos- 
pholipid monolayer spread a t  the air-0.15 M NaCl interface was 5 f 0.1 
dyneshm. The surface pressure, x ,  of the drug solution is the difference 
between the previously determined surface tension of the 0.15 M NaCI, 
Y N ~ C I ,  and the surface tension of the drug solution in this saline solution, 
Y d .  The surface pressure, T, was fitted to a function of the drug concen- 
tration, C, by digital computerized nonlinear regression to exponential 
equations of the form: 


(Eq. 1) = YNaC, - Y d  = BlelRz(logC)2+AnlogCl 


where the Ri values were adjustable parameters (9). 
Densities of the drug solutions were determined with 10-ml specific 


gravity bottles previously calibrated with water. The precision of the 
weighing was f 0.1 mg. 


RESULTS 


Adsorption at Air-Aqueous Interface-Typical plots of the surface 
pressure against the logarithm of the concentration (moles per liter) for 
procaine hydrochloride, lidocaine hydrochloride, and tetracaine hydro- 
chloride in 0.15 M NaCl are given in Fig. 1. 


A simple expression for the free energy of adsorption was derived (12) 
from thermodynamic and molecular kinetic considerations: 


T 
A G O  = -RT In - (Eq. 2) x; 


where AGO is the change in standard free energy associated with the 
adsorption of the solute a t  an air-water interface, T is the surface pres- 
sure, X ;  is the activity of the solute, and R and T are the universal gas 
constant and the absolute temperature, respectively. Thus, the numerical 
value of AG can be calculated from the slope, T/X& of a linear plot of T 


against the mole fraction, X2, of the snlute in bulk solution when Xp - 
0 and X Z  - X ;  a t  low mole fractions. This expression was used recently 
for the estimation of the free energy of adsorption of alkanols from CI 
to C14 a t  the air-aqueous interface (11). 


The plots (Fig. 2) of T against X Z  for the three compounds were rea- 
sonably linear in the region T I 5 dynes/cm under the experimental 


Mallinckrodt Chemical Works, St. Louis, Mo. 
Cahn Division, Ventron Instrumental Corp., Paramount, Calif. 


JJ Leeds Northrup, North Wales, Pa. 
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Table I-Free Energies of Adsorption a t  the Air-Water Interface (AC), Interaction Energies with Phospholipid Monolayers (@), and 
Free Energies of Transfer (AGtr) from Water to Octanol of Procaine, Lidocaine, and Tetracaine 


Interface Relative0 Relativee 
Air-0.15 M NaCI, 1°-0.15 M NaCI, IIb-0.15 M NaCl, Octanol-Waterc, Anesthetic Blocking 


Local Anesthetic AGO. kcal/mole 9. kcal/mole 9, kcal/mole AG:,, kcal/mole Potency Potency 


Procaine 
Lidocaine 
Tetrscaine 


3.9 
4.9 
7.3 


3.5 
3.6 
6.5 


4.2 
5.1 
6.5 


2.5 


5.0 
- 


1 1 
3.8 - 


36.5 460 


0 I = dipslmitoyllecithin monolayer. b I1 = dipalmitoylphosphatidylethanolamine monolayer. C Calculated from Ref. 17. Reference 2. Reference 13. 


conditions. The intercepts were close to the limits of the reproducibility 
of the surface tension measurements ( f0 .2  dyne/cm). The estimated 
values of AGO (f0.2 kcal/mole) from such plots are given in Table I. The 
free energies of adsorption, AGO (kilocalories per mole), were in the order 
tetracaine > lidocaine > procaine and correlate with their blocking 
potencies on the decapitated frog sciatic nerve (2) and their anesthetic 
potencies obtained with the frog sciatic nerve trunk (13). 


Interaction with Phospholipid Monolayers-The interaction of 
the subphase-injected drugs with dipalmitoylphosphatidylethanolamine 
and dipalmitoyllecithin monolayers was virtually complete in the first 
15 min after the injection. The criterion of equilibrium was the constancy 
(fO.l dyne/cm) of the surface pressure increment, Au, during 30 min. 
The interaction energies, 9, were estimated (9-11,14) from the slopes 
of the linear plots of the reciprocals of the equilibrium surface pressures, 
A%-, after the injection against the reciprocals of the final concentrations, 
n (molecules per cubic centimeter), of the subphase-injected drug. In both 
cases, such energies (Table I) were in the order procaine < lidocaine < 
tetracaine. 


DISCUSSION 


Adsorption at Air-Aqueous Interface-Even for nonideal solutions, 
the amount of surfactant ion present in an adsorbed monolayer at the 
air-aqueous interface can be estimated directly from measurements of 
the variation of the surface tension with surfactant bulk concentration 
at  constant counterion concentration using the equation: 


1 d a  -r,m = - (-) (Eq. 3) RT dlnm:! m3 


where ry is the amount of surfactant ion in the monolayer (moles per 
square centimeter), R is the universal gas constant (ergs per degree per 
mole), T is the absolute temperature (degrees Kelvin), u is the surface 
tension of the surfactant solution (dynes per centimeter), and m2 and m3 
are the molalities (moles per kilogram) of the surfactant ion and of the 
counterion, respectively, in the bulk solution (15). 


Equation 3 can be conveniently transformed into: 
1 dn ry = - (-) RT dlnm:! m3 


(Eq. 4) 


where R is the surface pressure (dynes per centimeter) of the surfactant 
solution containing a constant (m3) molal counterion concentration. 


The derivative [dr/(d In Cz)] of the exponential equation (Eq. 1) that 
characterized the dependence of the surface pressure on the concentration 
was computed with respect to the logarithm of the concentration (moles 
per kilogram) of the anesthetic compound. Substitution of these values 
into Eq. 4 permitted the calculation of the amount of anesthetic ion in 
the monolayer, r,m (moles per square centimeter), a t  any bulk concen- 
tration. 


Space-filling molecular models and molecular volume calculations 
performed using group increments (16) indicate that the molecular di- 
mensions of these anesthetic ions are such that they can be accommo- 
dated into a thin interfacial region 10-20 A thick. On the premise that 
the anesthetic ions that form the adsorbed monolayer at the air-aqueous 
interface are completely immersed in the aqueous phase and on the as- 
sumption of an average thickness of 15 A, the volume, V,, of the inter- 
facial region containing the number of anesthetic ions, r? (moles per 
square centimeter), can reasonably be estimated for comparative pur- 
poses. 


Plots of the concentration of such a thin interfacial region [r; = 
( r? /Vs )  in moles per liter] estimated from these volumes and from the 
surface concentration, r? (moles per square centimeter), against the bulk 
concentration, C (moles per liter), are given in Fig. 3 for procaine, lido- 
caine, and tetracaine and indicate that the concentration of adsorbed 
tetracaine at  the thin interfacial region could be up to 103 times greater 
than that of procaine or lidocaine with the same experimental condi- 
tions. 


Interaction with Phospholipid Monolayers-Dipalmitoylphos- 
phatidylethanolamine forms a condensed liquid monolayer. The strong 
P- - N+ electrostatic interaction of the zwitterionic hydrophilic polar 
groups jointly with the attractive forces between the hydrocarbon chains 
of neighboring molecules produce a rigid structuring where any net 
electrical charge is essentially negligible (14). 


Dipalmitoyllecithin forms a relatively less condensed monolayer at 
the air-water interface, because the shielding effect of the positively 
charged amino group by the three methyl groups decreases the attractive 
potential between neighboring molecules (14). 


Partition coefficients have been measured between octanol-aqueous 
solution for procaine (17) and tetracaine (18). On the assumptions that 
the given numerical values of the interaction energies of procaine and 
tetracaine are valid estimates (i.e., the entropies are invariant) and that 
the same energies are operative under the conditions in which partition 
coefficients were measured, the changes in free energies that correspond 


L P  


9 1.1 I . /  /’ / 


-4 -3 -2 -1 
LOG C, moles/liter 


Figure 1-Plots of surface pressure, R, against the logarithm of the bulk 
concentration, C (moles per liter), for tetracaine (T), lidocaine (L) ,  and 
procaine ( P ) .  The lines drawn through the experimental points were 
the “best fit” to Eq. 1 obtained from the computer. 


J 


2 4 6 
X ,  X lo3 (a) and X ,  X lo5 (b) 


Figure 2-Plots of surface pressure, n ( S 5  dynedcm), against the mole 
fraction, X2, for tetracaine (T), lidocaine ( L ) ,  and procaine (P). 
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Figure 3-PlOtS of concentration at the interfacial region (r’, moles 
per liter) against bulk concentration (C, moles per liter) for tetracaine 
(TI, lidocaine, (L), and procaine (PI. 


to octanol-water partition coefficients of procaine and tetracaine were 
calculated from the literature data (17) using: 


AG, = RT In f (Eq. 5) 


where P is the partition coefficient and AG;, is the standard free energy 
of transfer of the solute. Such energies (AC;,) (Table I) correlate with 
the interaction energies with phospholipid monolayers. 


NMR evidence for the hydrophobic interaction of tetracaine, lidocaine, 
and procaine with egg yolk phospholipid liposomes indicates that the 
aromatic protons of procaine are affected more drastically than those 
between the aromatic side of the molecule and the quaternary amine. The 
less affected protons are those of the CHzN groups, which suggests that  
they face the aqueous phase. For tetracaine, the less affected protons are 
those of the CHzN groups; the more affected are those of the butylene 
groups a t  the nonpolar side of the molecule. These findings indicate that 
the property of penetrating the liposome membrane is dependent on the 
nonpolar side of the molecules (6.7). 


The results show that the interaction energies of tetracaine with di- 


palmitoylphosphatidylethanolamine and dipalmitoyllecithin monolayers 
are higher than those of lidocaine and procaine. This fact seems to con- 
firm that the enhanced hydrophobicity of the nonpolar end of this mol- 
ecule due to the presence of the butylene group favors the penetration 
of the tetracaine nonpolar moiety through the liposome bilayers. This 
facilitated penetration and the observed increase of the relative anesthetic 
and blocking potencies may be the results of the comparatively greater 
interfacial concentration of tetracaine. 
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reactive insulin was almost completely cleared within 1 hr. 
After intratracheal insulin administered by aerosol, the 
circulating plasma immunoreactive insulin showed a sig- 
nificant rise and there was a sustained decline in the 
plasma glucose level. 


The bioavailability calculated from the area under the 
plasma immunoreactive insulin curves after intratracheal 
aerosol administration of about 2.5 U of insulin/kg was 
almost the same as that after intravenous injection of 1 
U/kg. Wigley et al. ( 5 )  reported that the plasma immu- 
noreactive insulin area with aerosol delivery of about 3 
U/kg was 7-16% of that after intravenous injection of 0.2 
U/kg. This low bioavailability might depend on many 
factors such as adherence to the glass nebulizer, the mouth, 
and the throat. Our results indicated that most of the in- 
sulin (-40%) delivered directly into the trachea in an 
aerosol formulation is absorbed into the bloodstream 
through the epithelial layer of the respiratory tract. Ac- 
cordingly, if an aerosol formulation could be administered 
directly into the trachea, it could be an effective tool for 
clinical applications of proteins and peptides. 
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REVIEWS 


Analysis of Drugs and Metabolites by Gas Chromatography-Mass 
Spectrometry. Vol. 1: Respiratory Gases, Volatile Anesthetics, 
Ethyl Alcohol, and  Related Toxicological Materials; Vol. 2: 
Hypnotics, Anticonvulsants, and Sedatives; Vol. 3 Antipsychotic, 
Antiemetic, and Antidepressant Drugs; Vol. 4: Central  Nervous 
System Stimulants; Vol. 5: Analgesics, Local Anesthetics, and 
Antibiotics. By BENJAMIN J. CUDZINOWICZ and MICHAEL J .  
GUDZINOWICZ. Dekker, 270 Madison Avenue, New York, NY 10016, 
Vol. 1: 1977, 223 pp., 15 X 23 cm, Price $23.75; Vol. 2: 1977,493 pp.. 15 
X 23 cm, Price $45.00; Vol. 3: 1977,268 pp., 15 X 23 cm, Price $29.75; 
Vol. 4: 1978,458 pp., 15 X 23 cm, Price $45.00, Vol. 5: 1978,541 pp., 15 
X 23 cm, Price $55.00. 
The above titles are the first five volumes in what the publisher 


promises to be a continuing series. Indeed, the flyleaf of Volume 5 states 
that Volume 6 will cover cardiovascular, antihypertensive, hypoglycemic, 
and thyroid-related agents. The stated purposes of this series are: to 
provide a chronological literature compilation of the CLC and GLC-mass 
spectrometry procedures for the analysis of specific drugs and their 
metabolites; to provide qualitative and quantitative procedures in such 
detail that they might be reproduced “faithfully” in the. reader’s labo- 
ratory; to present the results, precision, accuracy, and limits of detection 
achieved by a given procedure; and to indicate, wherever possible, the 
procedure’s applicability to pharmacokinetic studies. 


Each volume has a separate author and subject index. These indexes 
are not cumulative, but that is not necessary since each volume is self- 
contained. The authors assume that the reader is familiar with GLC and 
GLC-mass spectrometry. No pages are wasted on cursory introductory 
chapters, although the authors do include a few sketches of special in- 
strument modifications such as sampling traps and injection ports. Where 
appropriate, the chemistry of a chemical class is described in an expanded 
discussion. which usually contains the structures and sometimes the 
biotransformations. Each chapter contains representative GLC tracings 


and tabulated retention data. Some mass spectra or printouts of mass 
fragment values are presented. 


A logical question is: Does this series duplicate or overlap Analytical 
Profiles? T o  a limited extent, the answer is yes, only because GLC and 
mass spectra analyses are found in Anatyticof Profiles. Whereas the latter 
deals more with the pure drug, Analysis of Drugs and Metabolites by Gas 
(’hromatography-Mass Spectrometry emphasizes the analysis of mix- 
tures that include the specific drugs under discussion. The two series 
complement each other, and the volumes covered in this review discuss 
a much larger group of compounds. 


Volume 1 consists of two chapters of about equal length. The first 
chapter discusses respiratory gases, volatile anesthetics, and related 
toxicological materials. The second includes sterilizing agents, common 
organic solvents found in blood, and riot-control aerosol irritants. The 
second chapter also features ethanol and volatile trace components in 
breath, body fluids, and body tissues. The term “volatile” may be a little 
misleading, because the discussion on urine includes screening of urinary 
steroids and acids plus other chemicals. 


The topics become more pharmaceutically oriented in the remaining 
volumes. About half of Volume 2 is devoted to barbiturates. One-third 
ot‘ the volume is a chapter that  includes chloral derivatives, tertiary 
acetylenic alcohols, cyclic ethers, carbamates and ureides, piperdi- 
nediones, quinazalones, benzodiazepines, and carbamazepine. The third 
and final chapter makes up about 20 percent of the book and covers the 
traditional anticonvulsants including hydantoins, succinimides, primi- 
done, poramethadione and trimethadione, and some miscellaneous 
an ticonvulsants. 


Volume 3 has two chapters of about equal length. Chapter 1 covers 
phenothazines, butyrophenones, and thioxanthines; Chapter 2 includes 
a moderate discussion on monoamine oxidase inhibitors and a rather 
complete coverage of the tricyclic antidepressants. 


Volume 4 also contains two chapters of ahout equal length. Most of 
Chapter 1 is devoted to the amphetamines and related compounds, with 
the remainder including the xanthines and pentylenetetrazol. Chapter 
2 mainly covers the phenylethylamine-related compounds, with the 
balance devoted to tryptamine- and propranolol-related compounds. 
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Volume 5 covers a mixed group of drugs. Chapter 1 is about 40 percent 
of the book and includes natural and synthetic narcotics and narcotic 
antagonists. The balance of Volume 5, Chapter 2, discusses antipyretics, 
antiinflammatory and antihyperuricemic agents, local anesthetics, and 
antibiotics. Since these volumes are part of a continuing series, it would 
have seemed more appropriate to include antibiotics in a volume covering 
antiinfective and chemotherapeutic agents. 


At first glance, from the authors’ goals, the reader might expect a 
combination of an exhaustive treatise and laboratory manual for each 
subject. An examination of any volume will show that this was not nec- 
essary. The general format of each section is: ( a )  a general literature re- 
view including the chemistry and biochemical transformation of the drug 
class under discussion; ( b )  a discussion of derivatization, sensitivity, and 
quantitation; and ( c )  several specific examples. A limited number of ac- 
tual procedures is found in the latter part of each chapter. All information 
is well referenced. Perhaps the best way to describe this series is to say 
that each chapter is a very extensive review article. 


Unless an individual is an analytical laboratory director, there is little 
reason to purchase the entire set. On the other hand, individual volumes 
are highly recommended to scientists needing to he knowledgeable in the 
analysis ofa  specific drug group. The entire set should be purchased by 
lihraries whose collections include hooks dealing with instrumental 
analysis. 


Re~jiewed by John H. Block 
School of Pharmacy 
Oregon S t a t e  IJniuivsity 
Corcallis, OR 97331 


. 


Aromatic and Heteroaromatic Chemistry, Volume 6. A Review of 
the Literature Abstracted between 7/76 and 6/77. By H. SUS- 
CHITZKY and 0. METH-COHN. Chemical Socibty, Burlington 
House, London, W l V  OHN, England. 1978.326 pp. 14 X 22cm. Price 
$47.50. 
This latest volume in the series of Specialist Periodical Reports reviews 


the literature on aromatic and heteroaromatic chemistry abstracted 
between July 1976 and June 1977 and covered by Volumes 85 and 86 of 
Chemical Abstracts. 


The two new senior reporters, Professors Suschitzky and Meth-Cohn, 
have partially reorganized the chapters of this volume in an  attempt to 
reduce the cost and to aid the reader in locating particular topicj quickly, 
in the absence of a subject index. The high cost and lack of a subject index 
were the only previous criticisms of t.his series. The reorganization was 
successful in both endeavors, although the cost of the book is still rela- 
tively high. 


The senior reporters have retained all other aspects developed by their 
predecessors, Professors Bird and Cheeseman, and have maintained the 
high quality presentation of a large amount of factual information so 
valuable to the scientist interested in this area. 


The liberal use of structures and reaction schemes and the practice of 
placing references as footnotes on the page cited have been retained and 


maintain the excellent readability and continuity of the previous vol- 
umes. 


The new chapter titles include: Three and Four-Membered Ring 
Systems; Five-Membered Ring Systems; Six-Membered Ring Systems; 
Six-Membered Heterocycles; Seven-Membered Ring Systems; Me- 
dium-Sized Rings and Macrocycles; and Electrophilic Substitution Re- 
actions. Chapter titles retained include: Nucleophilic Substitution Re- 
actions; Aromatic Substitution by Free Radicals, Carbenes, and Nitrenes; 
Porphyrins and Related Compounds; Naturally Occurring Aromatic 
Oxygen-Ring Compounds; and Other Naturally Occurring Aromatic 
Compounds. Not included, due to the illness of its reporter, was the new 
chapter entitled Six-Membered Homocycles. The volume has a complete 
author index containing over 4300 names, and the 11 chapters include 
over 2200 literature citations. 


Like the previous volumes, this one provides a systematic, critical, 
in-depth account of the progress in aromatic and heteroaromatic chem- 
istry. 


Reviewed b y  Edward F. LaSala 
Massachusetts College of Pharmacy 
Boston, M A  021 15 


Analysis of Steroid Hormone Drugs. By S. GOR6G and GY. SAASZ. 
Akadkmie KiadB, Budapest, Hungary, and Elsevier Scientific Yub- 
lishing Co., Amsterdam, The Netherlands. 1978. 426 pp. Price $59. 
Every scientist interested in the analysis of steroid pharmaceuticals 


should acquire this book. The literature on steroid analysis has become 
so extensive that many review articles have degenerated into mere tax- 
onomy, like the bienniel Analytical Chemistry reviews on drug analysis. 
In contrast, this book provides an informed and intelligent review of the 
subject. It is a volume one can read through as a text, browse in for in- 
tellectual stimulation, or use as a reference for a specific question. 


Organization of the book could well serve as a paradigm for other 
monographs. The chapters are titled, “Fundamental Steroid Hormone 
Chemistry,” “Brief Outline of the Therapeutic Use of Steroid Hormones,” 
“Development of, and Current Trends in, Methods of Steroid Hormone 
Analysis,” “Chromatography of Steroid Hormones,” “Gas Chromatog- 
raphy of Steroid Hormones,” “Functional Group Analysis,” “Assay of 
Dosage Forms,” and “Analysis of Raw Materials for the Semi-syntheses 
of Steroid Hormones.” The author of each chapter or section is identified, 
and each chapter has references. There are author and subject in- 
dexes. 


HPLC methods now are probably the most useful for assay of steroids 
and their pharmaceutical dosage forms. Discussion of this technique in 
the book is much shorter than for GC, which it has largely supplanted. 
Nevertheless, the text is oriented to chemical principles, so it is unlikely 
to he dated rapidly by the appearance of new technology. 


Reviewed by Lester Chafetz 
Analytical Research 
Warner-Lambert Company 
Morris Plains, N J  07950 


672 1 Journal of Pharmaceutical Sciences 
Vol. 68, No. 5, May 1979 












FEBRUARY 1979 
VOLUME 68 NUMBER 2 


JOURNAL OF 
PHARMACEUTICAL 


SCIENCES @ 
MAKY H. FERGIISON 


Kdif or 


SHEILY RL1,IOTT 
I’roduc tion Editor 


JANIS KELLY 
Copy Editor 


EI)WAHI) C.. FELDMANN 
’orif ri hu 1 iny Editor 


SAMIIEI. W. GOLDSIEIN 
(’mtrrhutiny Edifiir 


BELLE R. BECK 
Editorial Seeretarq 


DAVID HOHAHDT 
Director of Pu blicot ions 


I.. L(1AN COHKICAN 
Assisfont Director o/ fuublmxions 


EDITORIAL ADVISORY BOARD 
JOHN AIITIAN HERBERT A. 


NORMAN R. 


WII,I.IAM 0. FOYE 


WII.I.IAM . I .  .II!SKO 


The Journal o/ fhormaceuticd Sciences is published 
monthly by the American Pharmaceutical Association 
(APhA) at  2215 Constitution Ave.. N.W., Washington. DC 
20037.S.econd.cl~ postage paid at  Washington. D.C.. and 
at  additional mailin office 


All expressions okopinion and statements of supposed 
fact a p r i n g  in articles or editorials carried in this journal 
are pu Iished on the authority of the writer over whose 
name they appear and are not LO be regarded as necessarily 
expressing the policies or views of APhA. 


Offic-Editorial, Advertising, and Subscription: 2215 
Constitution Ave., N.W., Washington. DC 20037. Printing: 
20th & Northampton Streets, Easton, PA 18042. 


Annual Subscriptions-United States and foreign, 
industrial and government institutions $50, educational 
institutions $50, individuals /or personal use only $30; 


le copies $5. AU foreign subscriptions add $5 for postage. Y% u scription rates are subject to change without notice. 
Members of APhA may elect to receive the Journal o/ 
Pharmaceutical Sciences as a part of their annual $70 
(foreign $75) APhA membership dues. 


Claims-Missing numbers will not be supplied if dues 
or subscriptions are in  arrears for more than 60 days or I f  
claims are received more than 60 days after the date of the 
issue. or if loss was due to failure LO give notice of change of 
address. APhA cannot accept responsibility for foreign 
delivery when i ts  records indicate shipment has been 
made. 


Change of Address--Members and subscribers should 
notif a t  once both the Post Office and APhA of  any change 
of adYdres8. 


Photocopying-The code at the foot of the first page of 
an article indicates that  APhA has granted permission for 
copying of the article beyond the limits permitted by Sec- 
tions 107 and 108 of the U S .  Copyright Law provided that 
the copier sends the per copy fee stated in the code to the 
Co yright Clearance Center, Inc.. P. 0 Box 765. Schenec- 
tafy. NY 12301. Copies may be made for personal or in- 
ternal use only and not for general distribution. 


Microfilm-Available from University Microfilms In- 
ternational, 300 N. Zeeb Road, Ann Arbor, MI 48106. 
G Copyright 1979, American Pharmaceutical Association. 


2215 Constitution Ave , N.W , Washington. DC 20037; all 
righta reserved. 


LIEBERMAN 


FAHNSWOHTH DAVII) E. MANN. dR. 


GERA1.I) J. PAPARIEl.I.0 


EDWARD G. RIPPIE 


ANTIBIOTIC CERTIFICATION-OBSOLETE 
AND ARCHAIC 


All too often laws and regulations, once enacted or finalized, go on ad 
infinitum. Various observers have commented that they become “chiseled 
in stone” or “fixed in concrete.” However they are described, the point is 
that such rules or legislation may have been appropriate and valid a t  one 
time but now have outlived their usefulness. As such, they ought to be 
reexamined and the continued need for them should be reassessed in the 
context of the contemporary situation. 


Although many examples might be mentioned, building codes are fre- 
quently cited as illustrations of this phenomenon. A local community may 
have adopted standards and specifications for plumbing installations fifty 
years ago when cast-iron, threaded pipe was the only reliable system. 
Subsequently, copper tubing with soldered joints for water service and 
polyethylene or polypropylene plastic pipe for waste drains were developed 
and now offer more reliability as well as greater simplicity in installation. 
But the building code calling for cast-iron pipe remains virtually frozen, 
and only through lengthy and laborious processes is it modified and 
changed to take into account the advances in plumbing technology. 


So it is in other regulatory areas, including drug quality monitoring and 
surveillance. 


In particular, we were reminded of this situation when APhA Academy 
of Pharmaceutical Sciences former president George Schneller, speaking 
at the November meeting of the subdivision, addressed the subject of Food 
and Drug Administration routine batch certification of antibiotics. 


Dr. Schneller labeled this federal requirement as “obsolete and archaic, 
and increases the cost of these medicines to the public while contributing 
nothing to public safety or health.” 


He further charged that it is an example of “oppressive regulation which 
is a substantive cause of inflation.” To correct the matter, he recom- 
mended that the rule be deleted, and in its place “. . . a much more rational 
and economical alternative would be to control the quality of antibiotic 
products by the same machinery as other drugs-namely, through the 
publication of appropriate tests and standards in the USPand through 
the FDA’s regular enforcement activities directed to assuring compliance 
with those standards.” 


For our part, we completely agree with Dr. Schneller’s views. In fact, 
we commented dong this line [see J. Am. Pharm. Assoc., NS2, p. 640 (Nov. 
1962)] in the final days of enactment of the Kefauver-Harris Drug 
Amendments. That article argued the very same scientific points that Dr. 
Schneller just recently reiterated and reemphasized; namely, that when 
the initial antibiotic agents were first marketed in the 1940s, “they were 
extremely crude concentrates of extractives from microbial culture media. 
Conventional methods of drug analysis were not applicable to them and 
would not assure a true measure of their potency. [But subsequent] rapid 
advances in the manufacturing processes of production, synthesis, and 
purification soon made it possible to produce these antibiotics as es- 
sentially pure, crystalline substances with a degree of purity comparable 
to other fine chemicals.” 


The article went on to state that these advances in technology eliminated 
the original justification for batch certification of antibiotics; and, fur- 
thermore, the result made it illogical to treat antibiotics any differently 
than all other potent medicinal agents on the market. 


However, as in the case of the long outdated local plumbing code which 
refuses to recognize or accept comparable improvements in the plumbing 
field, current federal drug regulation continues to prescribe testing re- 
quirements for antibiotics which Dr. Schneller has properly labeled as 
“obsolete and archaic.” 


The limited resources available to FDA in terms of both scientific per- 
sonnel and test facilities could be put to much better use in many other 
areas of drug monitoring and surveillance. 
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Abstract  0 The synthesis, local anesthetic, and antiarrhythmic prop- 
erties of nine 2-diethylaminoacetamido-3-cyano-4-methyl-5-substituted 
pyrroles are described. All compounds showed local anesthetic activity 
by the guinea pig wheal test and antiarrhythmic activity for chloro- 
form-induced ventricular arrhythmias in mice. 


Keyphrases 0 2-Aminopyrrole analogs of lidocaine, various-synthe- 
sized, evaluated for local anesthetic activity in guinea pigs and antiar- 
rhythmic activity in mice Structure-activity relationships-various 
2-aminopyrrole analogs of lidocaine evaluated for local anesthetic activity 
in guinea pigs and antiarrhythmic activity in mice 0 Lidocaine ana- 
logs-2-aminopyrroles synthesized 


The use of lidocaine (I) as a local anesthetic is well 
documented. In recent years, lidocaine has also gained 
popularity for the treatment of ventricular arrhythmia. 
Due to its rapid metabolic rate (l), lidocaine is normally 
given by continuous intravenous administration in the 
treatment of ventricular arrhythmia. Plasma and tissue 
lidocaine levels fall rapidly (1)  when intravenous admin- 
istration is discontinued. The limited extent of plasma 
protein binding coupled with rapid metabolic transfor- 
mations (2-4) accounts for the relatively short biological 
half-life. 


Numerous analogs and homologs of lidocaine have been 
synthesized and evaluated. The major research thrust has 
been directed a t  modification of the aminoacyl portion of 
the lidocaine structure. The effect of these structural 
modifications on activity has been well established. The 
replacement of the benzenoid ring system in lidocaine by 
the heteroaromatic pyrrole ring system, however, has not 
been studied. 


I I1 


A series of 2-diethylaminoacetamido-3-cyano-4- 
methyl-5-substituted pyrrole (11) analogs of lidocaine was 
synthesized to compare the effects of this nuclear modi- 
fication on both the local anesthetic and antiarrhythmic 
activities. 


DISCUSSION 


Chemistry-The synthesis of 2-amino-3-cyano-4-methyl-5-substi- 
tuted pyrroles (IIIa-IIIi) (Scheme I)  was reported previously (5-7). 
Comparatively few simple 2-aminopyrroles are known, and the majority 
of those are substituted with an electron-withdrawing group on the 
pyrrole ring (8). The nitrile a t  the 3-position of IIIa-IIIi stabilizes the 
2-aminopyrroles from decomposition. The substituent at  the 5-position 
corresponds to the R group of various a-amino acids utilized as precursors 


to IIIa-IIIi. The choice of these compounds as starting materials for the 
synthesis of the lidocaine analogs was made on the basis of their avail- 
ability in good yields from commercially available L- or DL-a-amino 
acids. 


The synthetic route to the 2-aminopyrrole analogs (11) of lidocaine 
parallels the original synthesis of lidocaine by Lofgren and Lundgvist 
(9). Acylation of IIIa-IIIi with chloroacetyl chloride in acetone with an 
equivalent amount of pyridine gave the corresponding 2-chloroacet- 
amides (IVa-IVi) in excellent yields (Table I). These amides were high 
melting, stable, and relatively insoluble. The IR and NMR spectra were 
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Table I-Data for 2-Chloroacetamido-3-cyano-4-methyl-5-substituted Pyrroles 
Yield, Melting Recrystalliza tion Analysis, % 


Compound ')6 Point Ria Solvent Formula Calc. Found 


IVa 


IVb 


IVC 


IVd 


IVe 


IVf 


IVC: 


IVh 


IVi 


90.0 


94.2 


94.1 


81.6 


95.6 


100 


80 


91.7 


73.5 


240-241 .5' dec. 


208-209" dec. 


160- 161 ' 


166-167' 


246-247.5' dec. 


183.5-184" 


218-219" dec. 


188-189' 


200-201° dec. 


0.57 Ethanol 


0.56 Ethanol 


0.57 Ethanol 


0.46 Ethanol 


0.55 Ethanol 


0.57 Ethanol- 
2-propanol- 
water 


0.57 Ethanol 
water 


0.58 Ethanol 


0.56 Ethanol- 
water 


C 51.07 
H 4.76 
CI 16.75 
N 19.85 
C 53.22 
H 5.36 
C1 15.71 
N 18.62 
C 56.80 
H 6.36 
CI 13.97 
N 16.56 
C 48.61 
H 5.19 
CI 13.05 
N 15.46 
S 11.80 
C 61.43 
H 4.42 
C1 12.95 
N 15.35 
C 62.61 
H 4.90 
CI 12.32 
C N 14.60 59.31 


H 4.65 
CI 11.67 
N 13.83 
C 55.92 
H 4.07 c1 22.01 
N 13.04 
C 62.48 
H 4.63 
C1 10.85 
N 17.14 


51.04 
4.76 
16.74 
19.89 
53.28 
5.39 
15.80 
18.61 
56.85 
6.37 
13.93 
16.54 
48.67 
5.19 
13.03 
15.45 
11.77 
61.38 
4.46 
13.05 
15.32 
62.62 
4.91 
12.38 
14.63 
59.21 
4.66 
11.66 
13.82 
55.96 
4.09 
22.14 
13.02 
62.55 
4.66 
10.75 
17.17 


0 Ethyl acetate. 


Table 11-Data for  2-Diethylaminoacetamido-3-cyano-4-methyl-5-substituted Pyrroles  


Yield, Melting Reaction Recrystallization 
Compound % Point Solvent" Solvent Formula 


Ci3HzoN40 b 


C14HZZN40 Vb 98.0 84-85' Ethanol - b 


v c  95.8 86.5-87.5' Ethanol Methanol-water C16H26N40 


Va 83.9 88-89' Methanol - 


(4:l) 


(4:l) 


L4:l) 


Vd 97.5 95-96' Ethanol Methanol-water CisHz4N40S 


Ve 88.7 84.5-86' Methanol Methanol-water Ci~HzzN40 


83.7 133-134' Methanol - CigHz4N40 64.7 149-150.5' Methanol - Vf 


90.0 99-99.5' Ethanol Methanol-water Ci9Hz3CNO 
CigHz4N402 b 


(4:l) 


(4:l) 


3 
Vi 86.3 141-142.5' Methanol Methanol-water CziHzsNsO 


~ 


a Absolute. b Free amine suitable for hydrochloride salt formation without recrystallization. Calc. for: C, 69.40; H, 6.93; N, 19.27. Found: C, 69.45; H, 6.97; N, 19.22. 


consistent with the assigned structures. The purity of the chloro- 
acetamides was determined hy TLC and elemental analysis (Table I). 


The 2-diethylaminoacetamido-3-cyano-4-methyl-5-substituted pyr- 
roles (Va-Vi) were obtained by refluxing a suspension of the corre- 
sponding chloroacetamides (IVa-IVi) in absolute methanol or ethanol 
with excess diethylamine. During these reactions, solutions were achieved 
within 1-4 hr. The solvent and excess diethylamine were removed in 
uacuo, the amine residues were dissolved in 10% HCI, and the solutions 
were filtered to remove unreacted chloroacetamides. The amines were 
precipitated by the addition of 5% aqueous sodium hydroxide. Yields, 
melting points, and purification data are given in Table 11. 


All amine hydrochlorides, except VIc and VM, were conveniently 
prepared by treating an acetone solution of the free amines with con- 
centrated hydrochloric acid (Method A in Experimental). Compounds 
VIc and VId were prepared in excellent yields by treating a solution of 
the amines in anhydrous ether with a saturated solution of hydrogen 
chloride in absolute ethanol (Method B in Experimental). 


The IR spectra of theamine hydrochlorides (VIa-VIh) exhibited the 
expected N-H stretching absorption bands between 3400 and 3100 cm-' 
and broad absorption in the 2800-2300-~m-~ region for the amine salts. 
The spectra contained intense, sharp absorption bands in the 2220- 
2210-cm-' region for the nitrile and carbonyl absorption bands a t  
1630-1610 cm-'. The NMR spectra of the arnine hydrochlorides in di- 
methyl sulfate-& contained a singlet a t  1.84-2.12 ppm, integrating for 
three protons, which was assigned to the methyl group of the C-4 position. 
The protons of the diethylamino moiety appeared as a typical triplet and 
quartet for the methyl and methylene, respectively. The chemical shift 
for the triplet ranged from 1.16 to 1.30 ppm, and that for the quartet 
ranged from 3.10 to 3.28 ppm. The triplet and quartet integrated for three 
protons and two protons, respectively. 


The methylene, alpha to the carbonyl, appeared as a singlet, integrating 
for two protons, at 3.89-4.20 ppm. The NH proton of the salt appeared 
as a broad singlet a t  10.0-10.8 ppm. The NH protons of the amide and 
the pyrrole ring appeared as two broad singlets a t  11.15-11.90 ppm. 
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Table 111-Data for 2-Diethylaminoacetamido-3-cyano-4-methyl-5-substituted Pyrrole Hydrochlorides 
Yield, Recrystallization Melting Analysis, % 


Compound Method % Solvent Rr ' Point Formula Calc. Found 


VIa 


VIb 


VIC 


Vld 


VIe 


VIf 


vk! 


VIh 


A 84.7 


A 96.2 


B 94.5 


B 89.3 


A 55.6' 


A 51.5' 


A 46.7' 


A 37.4' 


VIid AandB - 


0 Ethyl acetate. * Salt obtained was analytically pure. Near quantitative yields obtained upon concentration of mother liquor. d Hydrochloride salt was a red oil, which 
would not solidify with several techniques employed. Elemental analysis was determined on the free base (Vi).  


Methanol-acetone 


- h  


Acetone-ether 


Acetone-ether 


Acetone-ether 


Methanol-acetone 


Ethanol-acetone 


- b  


- 


0.52 


0.48 


0.50 


0.48 


0.51 


0.56 


0.50 


0.49 


- 


237.5-239' dec. 


221-222O dec. 


156.5-157O 


133-133.5' 


199-201' dec. 


221-222' dec. 


74-76O 


229-231 O dec. 


Oil 


C 
H 
CI 
N 
C 
H 
CI 
N 
C 
H 
CI 
N 
C 
H 
CI 
N 
C 
H 
c1 
N 
C 
H 
C1 
N 
C 
H 
CI 
N 
C 
H 
CI 
N 


54.82 
7.43 
12.45 
19.67 
56.27 
7.76 
11.87 
18.75 
58.79 
8.33 
10.85 
17.14 
52.23 
7.31 
10.28 
16.25 
62.33 
6.68 
10.22 
16.15 
63.23 
6.98 
9.83 
15.53 
57.78 
6.89 
8.98 
14.19 
57.72 
6.12 
17.94 
14.17 
- 


54.77 
7.45 
12.54 
19.66 
56.26 
7.76 
11.88 
18.74 
58.68 
8.35 
10.85 
17.13 
52.18 
7.34 
10.24 
16.22 
62.20 
6.72 
10.14 
16.12 
63.27 
6.98 
9.80 
15.54 
57.78 
6.89 
8.99 
14.18 
57.75 
6.12 
17.93 
14.17 
- 


Miscellaneous absorptions for the various members were consistent with 
their structures. The purity of the amine hydrochlorides (VIa-VIh) was 
determined by TLC and elemental analysis (Table 111). 
Pharmacology-Antiarrhythmic Actiuity-Cardiac rates of less than 


200 beata/min were used as an index of protection from arrhythmia at  
70 mgfkg. Compounds VIa, VIb, and VId-VIg (Table IV) all showed 
activity a t  this dosage. The most active agent (VIf) was only slightly less 
potent than lidocaine. 


Local Anesthetic Actioity-All lidocaine analogs (VIa-VIi) possessed 
varying degrees of local anesthetic action (Table V). Compound VIh 
appeared to have the least activity while VIe and VIf were the most ac- 
tive. The latter compounds were more active than lidocaine at  all three 
solution concentrations. 


EXPERIMENTAL' 
Chemistry-2 - Chloroacetamido - 3 - cyano-4,5- dimethylpyrrole 


(1Va)-The procedure for the synthesis of IVa is given as representative 
for IVb-IVi. A solution of 2-amino-3-cyano-4,5-dimethylpy~role (IIIa) 
(20.3 g, 0.15 mole) (5) in 300 ml of absolute acetone with pyridine (12.0 
g, 0.15 mole) was prepared in a 500-ml erlenmeyer flask equipped with 
a drying tube. This solution was stirred in an acetone-ice bath for 10 min, 
followed by the dropwise addition of chloroacetyl chloride (17.4 g, 0.18 
mole). The solution was stirred in the acetone-ice bath for 10 min and 
then at room temperature for 20 min. The reaction mixture was poured 
over 400 g of crushed ice. 


After the ice had melted, the crude product was collected by filtration, 
resuspended in cold 95% methanol, filtered, and air dried. Two grams of 
the pale-yellow product (28.6 g, 90.0%) was recrystallized twice from 
absolute ethanol to yield white needle-shaped crystals (homogeneous on 
TLC, ethyl acetate, Rf 0.571, mp 240-241.5" dec.; IR (KBr): 3345,3300, 
3280,3180,2230,1675, 1635,1480,1335,1250,1220,755,730,680, and 


IR spectral data were determined on a Beckman IR-POA grating s ectropho 
tometer win the potassium bromide technique. NMR spectra were letermined 
on a Hitachi 8erkin-Elmer R24 high-resolution spectrometer with tetramethykiane 
88 the internal reference. Melting points were obtained using a Thomas-Hoover 
CB iUary apparatus and are uncorrected. Carbon, hydrogen, chlorine, and nitrogen 
v a f k  were obtained from analyses performed by Atlantic Microlab, Inc., Atlanta, 
Ga. TLC was performed usinf Eastman Chromatogram sheets, type 6060 (silica 
gel), and the plates were deve oped in an iodine chamber 


Table IV-Antiarrhythmic Activity of 2-Aminopyrrole Analogs 
of Lidocaine a 


, Compound 40 mg/kg 70 mgfkg 100 mg/kg 


Lidocaine 
Vla '206 f 16 182 f 14 140 f 12 
VIb 198 f 19 186 f 3 148 f 18 
Vlc 196 f 10 202 f 6 186 f 13 


116 f 6 242 f 13 141 f 23 


. .. 


VId 
VIe 
VI/ 
VIg 
Vlh 


~~~~ . 
219 4 8 175 i 12 167 f 13 ~ ~~ _ _ _  - - 
249 f 15 162 f 7 140 f 5 
193 f 16 153 f 5 147 f 7 
220 f 6 200 f 7 183 f 14 
227 f 4 233 f 10 211 f 12 


VIi 278 f 14 243 f 8 197 f 9 
Control 351 f 8 - - 


0 Data represent arrhythmias induced in mice by exposure to chloroform vapor 
(n = 6). 


Table V-Local Anesthetic Activity of 2-Aminopyrrole Analogs 
of Lidocaine a 


ComDound 1% 0.5% 0.2% 


VIa 
VIb 
VIC 
VId 
VIe 
VIf 
VIg 
VIh 
Vli 
Lidocaine 
0.9% NaCI 


72 
45 
63 
41 
72 
72 
72 
25 
50 
68 
0 


27 10 
25 6 
32 7 
13 - 
60 20 
72 50 
19 14 
8 
17 8 
41 17 
0 0 


- 


~~~~~ ~ ~ 


0 Data represent the number of pricks failing to elicit a response following in- 
tradermal injection in guinea pigs (n = 2). 


640 em-'; NMR ((dimethyl sulfate-d6): 6 1.85 (s,3H, CH3 at  C4), 1.95 (8 ,  
3H, CHs at  crj), 4.12 (s,2H, CHp), 10.41 (broad 8,  lH, NH of amide a t  Cz 
or NIH), and 10.95 (broad 8,  IH, NIH or NH of amide at  Cp) ppm. (See 
Table I for analyses.) 
2-Diethylaminoacetamido-3-cyano-4,5-dimethylpyrrole (Va)-The 


procedure for the synthesis of Va is given as representative for Vb-Vi. 
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A suspension of IVa (21.2 g, 0.10 mole) in 300 ml of absolute methanol 
and diethylamine (36.6 g, 0.5 mole) was refluxed, with stirring, until 
complete solution was achieved (1-4 hr). The deep-orange-colored so- 
lution was refluxed for an additional l hr, the solvent and excess dieth- 
ylamine were removed in uacuo, and the residue was dissolved in 100 ml 
of 10% HCI. 


The acidic solution was filtered, 400 g of ice was added, and the amine 
was precipitated by the addition of 5% aqueous sodium hydroxide. The 
product was collected hy filtration, washed with water, and air dried. The 
light-tan product (20.8 g, 83.9%), mp 88-89', was suitable for formation 
of the hydrochloride salt. (See Table I1 for analogs.) 
2-~iethylaminoacetamido-3-cyano-4-methyl-5-substituted Pyrrole 


Hydrochlorides (Vla-Vlh)-Method A, as illustrated for 2-dieth- 
ylaminoacetamido-3-cyano-4,5-dimethylpyrrole hydrochloride (VIa), 
is representative for the synthesis of VIb and VIe-VIh. T o  a solution of 
the free amine (Va) (9.9 g, 0.04 mole) in 150 ml of cold absolute acetone, 
8 ml of concentrated hydrochloric acid (dissolved in 15 ml of acetone) was 
added. After 3 min of stirring, a heavy white precipitate formed. The 
white powder was collected, washed with acetone, and air dried. 


Four grams of the crude product (9.6 g, 84.2%) was recrystallized from 
methanol-acetone to yield white flakes (homogeneous on TLC, ethyl 
acetate, RI 0.52), mp 237.5-239' dec.; IR (KBr): broad absorption be- 
tween 3300 and 2500 (with peaks a t  3140,3050,2960,2840,2800,2790, 
and 2690). 2220,1695,1610,1565,1470,1430,1420,1340,1300,1280,1265, 
1215,960,740,715, and 690 cm-'; NMR (dimethyl sulfate-ds): b 1.19 (t, 
6H, CH3's of diethylamine), I .84 (s, 3H, CH3 a t  C4), 1.95 (s, 3H, CH3 a t  
Cs), 3.10 (q, 4H, CH2's o f  diethylamine), 3.89 (s, 2H, COCHp), 10.10-10.70 
(broad s, 1H, N+H), 11.18 (broad s, lH,  NH of amide a t  C:! or NlH), and 
11.30 (broad s, lH ,  NIH or NH of amide a t  Cp) ppm. (See Table 111 for 
analyses.) 


2 - Diethylaminoacetamido - 3 - cyano-4-methyl-5-isubut~lpq.rrole 
Hydrochloride (Vlc)-Method B was used for the synthesis of VIc and 
VId. For VIc, a solution of Vc (7.8 g, 0.027 mole) in 150 ml of anhydrous 
ether was treated with 4 ml of absolute ethanol, which had been saturated 
with hydrogen chloride gas. After 15 min in the freezer, the solvents were 
decanted from the gummy residue. The residue was triturated with 40 
ml of anhydrous acetone, the acetone solution was diluted with 40 ml of 
anhydrous ether, and the powder was collected by filtration and dried 
over phosphorus pentoxide. 


The white powder (8.3 g, 94.5%) was analytically pure (homogeneous 
on TLC, ethyl acetate, RI 0.50), mp 156.5-157'; IR (KBr): 3400, 3120, 
3020,2960, broad absorption hetween 2800 and 2300,2215,1700,1610, 
1560,1460,1270,1210,980, and 960 cm-I; NMR (dimethyl sulfate-d6): 
6 0.82 (d, 6H, gem dimethyls of isobutyl), 0.8-1.2 (m, l H ,  methine of 
isobutyl), 1.28 (t, 6H, CH:l's of diethylamino), 1.95 (s, 3H, CHa a t  CJ, 2.3 
(d, 2H, methylene of isohutyl a t  Cs), 3.28 (q, 4H, methylenes of diethyl- 


amino), 4.15 (s, 2H, COCHz), 10.5-11.0 (broad s, lH ,  N+H), and 11.47 
(s, 2H, NlH and NH of amide a t  Cp) ppm. (See Table 111 for analyses.) 
Pharmacology-Antiarrhythmic Actiuity- With the method of 


Lawson (lo), fibrillations were induced in 2CL30-g male mice by exposure 
to chloroform vapor until respiration ceased. The heart was then exposed, 
and the cardiac rate was determined with the aid of a binocular micro- 
scope. Mice with cardiac rates in excess of 200 beatshin were considered 
unprotected (Table IV). 


Local Anesthetic Activity-The guinea pig wheal method of Bulbring 
and Wajda (1 1) was used to determine the activity. The back of the guinea 
pig was shaved 1 day prior to the test, and 0.25 ml of the aqueous drug 
solution was administered,intradermally a t  two sites along the midline. 
The resulting wheals were tested by pricking the area six times with a pin 
a t  5-min intervals for 1 hr. Local anesthesia was present if the pinprick 
did not elicit a skin twitch. The number of pinpricks that failed to elicit 
a response was then recorded at each time interval (Table V). 


REFERENCES 


(1) C.-Y. Sung and A. P. Truant, J. Pharmacol. Exp. Ther., 112,432 


(2) G. Hollunger, Acta Pharmacol., 17.356 (1960). 
( 3 )  Ibid., 17,365 (1960). 
(4) R. N. Boyes, I). B. Scott, P. J. Jehson, M. H. Godman, and D. G .  


Julian, Clin. Pharmacol. Ther., 12,105 (1971). 
(5) R. Gewald, Z. Chem., 1,349 (1961). 
(6) R. W. Johnson, R. J. Mattson, and J .  W. Sowell, Sr., J. Heterocycl. 


Chem., 14,383 (1977). 
(7) V. I. Shvedov, M. V. Mezentseva, and A. N. Grinev, Khim. Get- 


erotsikl. Soedin., 9, 1219 (1975); through Chem. Abstr., 84, 59299 
(1976). 


(8) R. M. Acheson. "An Introduction to the Chemistry of Heterocyclic 
Compounds," 2nd ed., Wiley, New York, N.Y., 1967, pp. 78,79. 


(9) N. M. Lofgren and B. J .  Lundgvist, Chem. Abstr., 42, 6378g 
(1948). 


(1954). 


(10) J. W. Lawson,J. Pharmacol. Exp. Ther., 160,22 (1968). 
(11) E. Bulbring and 1. Wajda, ibid., 85,78 (1945). 


ACKNOWLEDGMENTS 


Adapted in part from theses submitted by R. W. Johnson and T. H. 
Keenan to the Graduate School, University of South Carolina, in partial 
fulfillment of the Master of Science degree requirements. 


The authors thank Mr. Charles Devlin for assistance in the synthesis 
of some starting materials and Ms. Myra Montjoy for manuscript typ- 
ing. 


320 t Journal of Pharmaceutical Sciences 
Vol. 68, No. 3. March 1979 












NOTES 


Improved Electron-Capture GLC Determination of 
Alprenolol and Oxprenolol in Serum Using a 
Wall-Coated Open Tubular Column 
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Abstract  0 An accurate, rapid, and sensitive GLC determination of 
alprenolol and oxprenolol in serum is described. This method combines 
an electron-capture detector with a wall-coated open tubular column. 
The lowest detectable amount of the halogenated (heptafluoroacyl) de- 
rivatives of alprenolol and oxprenolol is 2 pg. The high resolving power 
and the rapid elution time of the wall-coated open tubular column dra- 
matically improve the performance (accuracy and sensitivity) of the 
conventional electron-capture detector and packed column system in 
these determinations. This method allows the use of small volumes of 
sample (100-200 pl), does not require redistilled reagents, and has a 
simplified extraction procedure. 


Keyphrases 0 Alprenolol-electron-capture GLC determination of 
serum levels, wall-coated open tubular column 0 Oxprenolol-elec- 
tron-capture GLC determination of serum levels, wall-coated open tu- 
bular column 0 GLC-determination of alprenolol and oxprenolol in 
serum using wall-coated open tubular column and electron-capture de- 
tection 


Because of their lower therapeutic serum levels [10-100 
ng/ml (1, 2)], the @-blocking agents alprenolol and ox- 
prenolol have been determined by electron-capture GLC 
(3-7) as their halogenated derivatives. Unfortunately, 
these methods require a large blood sample (1-4 ml), in- 
volve a time-consuming extraction step, and sometimes 
have poor reproducibility (3). 


The purpose of this work was to develop a fast and more 
convenient GLC determination for alprenolol and ox- 
prenolol in blood by the simultaneous use of an electron- 
capture detector and a wall-coated open tubular 
column. 


EXPERIMENTAL 


Instrumentation-The gas chromatograph', equipped with a 63Ni 
electron-capture detector2 and a splitter injector3, was connected to a 
recorder4 with a scale range of 1 mv. 


The 0.3-pm OV-101 phase thickness glass capillary column5 (25 m X 
0.25 mm) was pretreated and tested by the manufacturer. According to 
the spot test, it had an effective number of theoretical plates ( N )  of 38,OOO 
(endrin9 a t  200" for a carrier gas (nitrogen) with a velocity of 16 cm/sec 
and a capacity factor of 6.08. 


The test conditions were: sample injected, 1 pl; injector temperature, 
270"; column temperature, 205" (assay of alprenolol) or 185' (assay of 
oxprenolol); split ratio, 1:12; linear velocity of carrier gas, 34 (assay of 
alprenolol) or 58 (assay of oxprenolol) cmhec; makeup gas (nitrogen) flow 
rate, 30 ml/min; detector temperature, 280"; duration and interval of 
pulsed mode, 0.8-4 and 100-200 psec. respectively; sensitivity and at-  


1 Cirdel model 3000 FC 1 ERPT, Suresnes, France. * Cirdel model 3000. Suresnes. France. 
3 Girdel, Suresnes, France. 
4 Servotrace PU Sefram, Paris, France. 
6 Catalog No. 2101-201, LKB, Bromma, Sweden. 
6 Applied Sciences, Inglewood. CA 90304. 


tenuation, 0.1 X 64 and 1 X 32; and chart speed, I0  mm/min. 
Standard Solutio-The standard stock solutions (0.2 d m l )  of pure 


alprenolo17 and oxprenoloP were prepared by dissolving them directly 
in 0.2 N HCI; these solutions were stored a t  4" in a cold chamber. 
Chemical purity of standards was checked by high-resolution (wall-coated 
open tubular column) GLC. 


Extraction and Preparat ion of Derivatives-To 200 pl of normal 
human serumQ in glass test tubes (polytef-lined screw cap) were added, 
successively, 5-30 ng of alprenolol, 40 ng of oxprenolol from stock solu- 
tions as the internal standard, 25 pl of 1 N NaOH, and 5 ml of ether. The 
mixture was shaken for 5 min. After washing with 0.5 ml of distilled water 
and centrifugation (5 rnin a t  15" and 3500 rpm), the ethereal phase was 
evaporated to dryness on a water bath a t  50". Then 1OOpl of heptafluo- 
robutyryl anhydridelo solution in ethyl acetate (1:3 v/v) was added as the 
acylating reagent (8), and the temperature was raised to 60" for 15 min. 
Excess heptafluorobutyryl anhydride was eliminated by evaporation in 
a rapid current of air. After it was completely discharged, 100 pl of hexane 
was added and the mixture was evaporated once again. 


The same procedure was used for the standardization of oxprenolol 
with 5 ng of alprenolol as the internal standard. 


The residue was dissolved in 50 pl of hexane, and 1 pl of the mixture 
was injected into the chromatograph. 


RESULTS AND DISCUSSION 


Figure 1 illustrates the chromatographic responses of the alprenolol 
(a) and oxprenolol (8) heptafluorobutyryl derivatives. The chrornato- 
gram (Fig. la)  obtained from 3% OV-1 on a 100-120-mesh Gas Chrom 
Q packed stainless steel column3 (2.17 mm X 2 m) with the back-ex- 
traction procedure of Di Salle et al. (8) for propranolol clearly shows fewer 
peaks than that obtained from the wall-coated open tubular column (Fig. 
lb).  Figure Ib shows retention'times relative to the solvent of 6 min for 
alprenolol and 7.5 min for oxprenolol. The lowest detectable amount was 
2 Pg. 


Comparison of the two chromatograms obtained with equivalent 
nonpolar phases depicts the poor separation of interfering substances 
from alprenolol and oxprenolol owing to the insufficient resolving power 
of the packed column (9). This result could constitute a source of error 
in the accuracy and reproducibility of any method. 


The high efficiency (10-12) of the wall-coated open tubular column 
is substantiated by Fig. lc.  I t  was obtained after using the described 
simple extraction procedure with reagents that had not been redistilled 
(ether and heptafluorobutyryl anhydride). Interfering substances were 
completely absent from drug peaks. Under these conditions, the cali- 
bration curve of alprenolol (with oxprenolol as the internal standard) (13) 
was linear over a range of 0-150 ng/ml. The slope of the regression line 
was 0.014 with a correlation coefficient of 0.999. The standard deviation 
varied from 3% a t  25 ng/ml to 1.5% at 150 ng/ml over 2-3 months. The 
calibration curve of oxprenolol (with alprenolol as the internal standard) 
was linear over a range of 0-150 ng/ml. The slope of the regression line 
was 0.012 with a correlation coefficient of 0.999. The standard deviation 
varied from 3% a t  25 ng/ml to 2% a t  150 ng/ml over 2-3 months. The re- 
covery was 97 f 4.5% for both drugs. 


Aptine, Lematte Boinot, Paris, France. 
Trasicor. Cibe-Geigy, Rueil Malmaison. France 
Biotrol OOA, Biotrol, Paris, France. 


lo Pierce Chemical Co.. Rockford. IL 61105. 


002235491 7910400-05 1 1$0 1.0010 
@ 1979, American Pharmaceutical Assoclatlon 


Journal of pharmceutlcal Sciences I 5 11 
Vol. 68, No. 4, Aprll 1979 







0 3min 
c---------l 


b 


0 6 mln - 


T h e  most troublesome interference from endogenous substances 
coextracted with the drugs, such as  amines and alcohols t h a t  react with 
heptafluorobutyryl anhydride or aromatic and oxygen derivatives, was 
not found under the test conditions because o f  the  high efficiency of the 
wall-coated open tubular column. Exogenous substances such as  clona- 
zepam", flunitrazepam", diazepam", endrin6, dicophane6, and pro- 
pranolol'? do not coelute with alprenolol and oxprenolol. 


T h e  method has been used in clinical pharmacology and pharmaco- 
kinetic studies. In monitoring blood oxprenolol levels, patients receiving 
an oral oxprenolol dose of 0.66-1.5 mg/kg/8 hr from tablets8 showed blood 
concentrations of 100-385 ng/ml. In dogs, blood alprenolol levels reached 
448 f 13.5 ng/ml 1.5 hr after a single oral dose of 15 mg of alprenolol/kg 
from tablets7 and decreased rapidly to 148 f 4.5 nglml 3 hr after ad-  
ministration. The  chromatograms ohtained in both cases, i.e., alprenolol 
in dogs and oxprenolol in humans, were of the same form a s  in Figs. l b  
and lc. 


T h e  high resolving power and sensitivity (14) of the wall-coated open 
tubular column relative to the conventional packed column (in which the 
number of theoretical plates is limited by the length of the column) led 
to the  development o f  a fast, accurate, and convenient electron-capture 
GLC method for alprenolol and oxprenolol determinations in blood. T h e  
small volume of working sample (100-200 pl instead of 1-4 ml) and the 
simplified extraction procedure are desirable in the analysis of &blockers 
(15-18). 
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Figure l--(a) Chromatogram 
according to the  extraction pro- 
cedure of Di Salle e t  al. (8) but 
with a 3% OV-I packed column. 
The  test conditions were: injector 
temperature, 2 6 0 O ;  detector tem-  
perature; 280"; column tempera- 
ture,  185"; nitrogen pressure, 2 
bar; duration and pulse interval, 
0.8 and 100 psec; sensitioity and 
attenuation, 1 X 32; and chart 
speed, 2.5 mmlmin. (b) Chro- 
matogram according to the ex- 
traction procedure described in  
Fig. l a  but with the wall-coated 
open tubular column and chro- 
matographic conditions described 
under Experimental. (c) Chro- 
matogram according to the single 
extraction procedure with chro- 
matographic conditions similar to 
those used for Fig. 1 b. The  LY and 
0 are peaks of alprenolol and ox- 
prenolol, respectioely. 
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Volume 5 covers a mixed group of drugs. Chapter 1 is about 40 percent 
of the book and includes natural and synthetic narcotics and narcotic 
antagonists. The balance of Volume 5, Chapter 2, discusses antipyretics, 
antiinflammatory and antihyperuricemic agents, local anesthetics, and 
antibiotics. Since these volumes are part of a continuing series, it would 
have seemed more appropriate to include antibiotics in a volume covering 
antiinfective and chemotherapeutic agents. 


At first glance, from the authors’ goals, the reader might expect a 
combination of an exhaustive treatise and laboratory manual for each 
subject. An examination of any volume will show that this was not nec- 
essary. The general format of each section is: ( a )  a general literature re- 
view including the chemistry and biochemical transformation of the drug 
class under discussion; ( b )  a discussion of derivatization, sensitivity, and 
quantitation; and ( c )  several specific examples. A limited number of ac- 
tual procedures is found in the latter part of each chapter. All information 
is well referenced. Perhaps the best way to describe this series is to say 
that each chapter is a very extensive review article. 


Unless an individual is an analytical laboratory director, there is little 
reason to purchase the entire set. On the other hand, individual volumes 
are highly recommended to scientists needing to he knowledgeable in the 
analysis ofa  specific drug group. The entire set should be purchased by 
lihraries whose collections include hooks dealing with instrumental 
analysis. 


Re~jiewed by John H. Block 
School of Pharmacy 
Oregon S t a t e  IJniuivsity 
Corcallis, OR 97331 


. 


Aromatic and Heteroaromatic Chemistry, Volume 6. A Review of 
the Literature Abstracted between 7/76 and 6/77. By H. SUS- 
CHITZKY and 0. METH-COHN. Chemical Socibty, Burlington 
House, London, W l V  OHN, England. 1978.326 pp. 14 X 22cm. Price 
$47.50. 
This latest volume in the series of Specialist Periodical Reports reviews 


the literature on aromatic and heteroaromatic chemistry abstracted 
between July 1976 and June 1977 and covered by Volumes 85 and 86 of 
Chemical Abstracts. 


The two new senior reporters, Professors Suschitzky and Meth-Cohn, 
have partially reorganized the chapters of this volume in an  attempt to 
reduce the cost and to aid the reader in locating particular topicj quickly, 
in the absence of a subject index. The high cost and lack of a subject index 
were the only previous criticisms of t.his series. The reorganization was 
successful in both endeavors, although the cost of the book is still rela- 
tively high. 


The senior reporters have retained all other aspects developed by their 
predecessors, Professors Bird and Cheeseman, and have maintained the 
high quality presentation of a large amount of factual information so 
valuable to the scientist interested in this area. 


The liberal use of structures and reaction schemes and the practice of 
placing references as footnotes on the page cited have been retained and 


maintain the excellent readability and continuity of the previous vol- 
umes. 


The new chapter titles include: Three and Four-Membered Ring 
Systems; Five-Membered Ring Systems; Six-Membered Ring Systems; 
Six-Membered Heterocycles; Seven-Membered Ring Systems; Me- 
dium-Sized Rings and Macrocycles; and Electrophilic Substitution Re- 
actions. Chapter titles retained include: Nucleophilic Substitution Re- 
actions; Aromatic Substitution by Free Radicals, Carbenes, and Nitrenes; 
Porphyrins and Related Compounds; Naturally Occurring Aromatic 
Oxygen-Ring Compounds; and Other Naturally Occurring Aromatic 
Compounds. Not included, due to the illness of its reporter, was the new 
chapter entitled Six-Membered Homocycles. The volume has a complete 
author index containing over 4300 names, and the 11 chapters include 
over 2200 literature citations. 


Like the previous volumes, this one provides a systematic, critical, 
in-depth account of the progress in aromatic and heteroaromatic chem- 
istry. 


Reviewed b y  Edward F. LaSala 
Massachusetts College of Pharmacy 
Boston, M A  021 15 


Analysis of Steroid Hormone Drugs. By S. GOR6G and GY. SAASZ. 
Akadkmie KiadB, Budapest, Hungary, and Elsevier Scientific Yub- 
lishing Co., Amsterdam, The Netherlands. 1978. 426 pp. Price $59. 
Every scientist interested in the analysis of steroid pharmaceuticals 


should acquire this book. The literature on steroid analysis has become 
so extensive that many review articles have degenerated into mere tax- 
onomy, like the bienniel Analytical Chemistry reviews on drug analysis. 
In contrast, this book provides an informed and intelligent review of the 
subject. It is a volume one can read through as a text, browse in for in- 
tellectual stimulation, or use as a reference for a specific question. 


Organization of the book could well serve as a paradigm for other 
monographs. The chapters are titled, “Fundamental Steroid Hormone 
Chemistry,” “Brief Outline of the Therapeutic Use of Steroid Hormones,” 
“Development of, and Current Trends in, Methods of Steroid Hormone 
Analysis,” “Chromatography of Steroid Hormones,” “Gas Chromatog- 
raphy of Steroid Hormones,” “Functional Group Analysis,” “Assay of 
Dosage Forms,” and “Analysis of Raw Materials for the Semi-syntheses 
of Steroid Hormones.” The author of each chapter or section is identified, 
and each chapter has references. There are author and subject in- 
dexes. 


HPLC methods now are probably the most useful for assay of steroids 
and their pharmaceutical dosage forms. Discussion of this technique in 
the book is much shorter than for GC, which it has largely supplanted. 
Nevertheless, the text is oriented to chemical principles, so it is unlikely 
to he dated rapidly by the appearance of new technology. 


Reviewed by Lester Chafetz 
Analytical Research 
Warner-Lambert Company 
Morris Plains, N J  07950 
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OPUV FORUM 


Development Pharmacist 
The Upjohn Company’s Veterinary pharmacy area has an opening 


for a pharmacist to carry out research and development of various 
dosage forms intended for use in animal health. This job encom- 
passes development of sterile parenterals, oral liquids and various 
solid dosage forms. Candidates should have a BS or MS in phar- 
macy. 


Kalamazoo is a medium sized midwestern community offering 
an excellent mix of cultural/recreationaI pursuits. Comprehensive 
benefits and relocation programs. Submit resume in confidence 
to: 


Call for Papers 


, 


In response to the suggestion of some of Professor T. 0. Soine’s 
former students and friends, as well as on the advice of the Editor of 
J. Pharm. Sci. concerning the publication of a group of papers in one 
issue in memory of Dr. Soine of Minnesota, we would like to set up the 
following guidelines: 


1. All manuscripts submitted for this purpose should be addressed 
to: 


Dr. Mary H. Ferguson, Editor 
Journal of Pharmaceutical Sciences 
2215 Constitution Avenue, N.W. 
Washington, DC 20037 


2. All papers should be indicated as “Dedicated to the memory of 
the late Professor Soine.” This dedication should appear in the first 
footnote of the paper and be attached to the paper on a separate 
sheet. 


3. The deadline for receipt of these papers is May 1, 1979. 


Kuo-Hsiung Lee 
Department of Medicinal Chemistry 
School of Pharmacy 
University of North Carolina 
Chapel Hill, NC 27514 


Received January 10,1979. 


Nondisin tegra tion o f  a 
Capsule’s Contents 


A recent article in this Journal’ forceably called my attention, 
again, to the fact that  our pharmaceutical industry scientists have not 
yet developed a good capsule disintegrant. Or, if they have, it is a well- 
guarded secret, known only to a select few. I n  view of the public 
posture espoused by Eli Lilly and Co. in regard to the innate quality 
of all products from the top manufacturers, it is difficult for this 
writer to conceive that they would produce a capsule product (in this 
case, aspirin) that was an intentionally “slowed” or “timed” release 
product without claiming that they did so deliberately. 


different methods, aspirin dissolved more slowly a t  a stirring rate of 
75 rpm from the capsule formulation than from two readily available 
tablet formulations. It is clear that  the authors were studying 
dissolution rate methodologies and not dosage forms per se. Their 
results, however, agree quite well in magnitude and direction with 
much earlier work2 whose intention was to compare dissolution rate 
availability of tablets and capsules as dosage forms. Apparently, no 
one has paid much attention to Paikoff and Drumm3 either since they 
reported that the contents of a capsule remained in a holder like a 
“sausage” after the gelatin shell was gone. 


Once again, the challenge is expressed: capsule formulators need a 
good disintegrant, one as good as compressed starch in a tablet. The 
experimentor who develops one good enough (and cheap enough) will 
have created a “new” dosage form from a very old dosage form and 
should probably make a bundle. 


The reader is referred to Figs. 2-5 in the above-cited article. By four 


Willis E.  Moore 
College of Pharmacy and Allied Health 


Professions 
Wayne State University 
Detroit, MI 48202 


Received November 20,1978. 


IT. E. Needham, ti. Shah, J. tiotzan, and H .  Zia, J. Phorm. Sci., 67, 1070 
(1978). 


P. 1’. Shah and W. €3. Moore, ibtd., 59, 1034 (1970). 
M. Paikoffand C. Drumm, h id . .  54, 1693 (1965). 


FACULTY POSITION 
Assistant Professor of Pharmacology. Ph.D. pre- 


ferred but not essential. Under raduate degree in 
pharmacy desirable. Primari P y undergraduate 
teaching of pharmacology and biochemistry. Uni- 
versity town of 14,000 on eastern edge of South Da- 
kota. 


Send resume to 
Dean Raymond E. Hopponen 


College of Pharmacy 
South Dakota State University 


Brookings, SD 57007 
Affirmative ActiodEqual Opportunity Employer 


I 


Myra W. Johnson 
The Upjohn Company 
7171 Portage Road 
Kalamazoo, MI 49001 


An Equal Opportunity Employer MIF 111 
~~ ~ 


University of Georgia School of 
Pharmacy 


Faculty Position’in Pharmaceutics/Biopharmaceutics 
Applicants are invited to apply for a full-time (12 rnonthsj faculty position at 


the Assistant Professor or Associate Professor level in the Department of Pharmacy 
of the University of Georgia School of Pharmacy. The starting date is flexible. 
A plicants should possess a B.S. degree in Pharmacy and a Ph.D. degree in 
P!armaceutics and must be qualified to teach undergraduate and graduate courses 
in dosage form technolo , biopharmaceutics and physical pharmacy. A strong 
background in analyticaEhemistry is desirable. The successful applicant is ex- 
pected to participate in the graduate program and develop independent research 
pro rams The salan is competitive and will be commensurate with qualifications 
an!experience. The closing date for application is March 1,1979, or until asuitable 
candidate is selected. 


Interested candidates should send a letter of application accom anied by a 
curriculum vita and the names of three references to: D. E. Cadwalfader, PLD., 
Head, Department of Pharmacy, School of Pharmacy, University of Georgia, 
Athens, Georgia 30602. 
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dustrial pharmacy. 


Located in n modern, air conditioned building constructed in 1972. the well 
cqui prd manufacturing laboratories, adjacent to the nuclear pharmacy and a 
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the last thrcc wars ofa 2-3 program. 


Ferris StatdCollege. with an enrollment of over 10,000 students, is situated on 
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Inrgcst cits7.l and 40 miks south of Michigan’s winter anfsummer resort and lake 
iireiis. 


‘The cmditlate must have a Ph.D. with a major in pharmaceutics or related area 
iiiiil pd”! r~ r I ) lv  bc rcgistercd ph;irm;icist. Rank and salary arc open md will 
1111 dctwniinix~ h v  ctlncati~rnel hsckgronnd and cxperience. 


A pliwnts shdnld snbmit a letter of application and resume to: Dean Ian W. 
Matiison, Ph.D., School of Pharmacy, Ferris State College, Big Rapids, Michigan 
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Abstract In a continuing search for new biologically active agents 
derived from indolizine, 3-(2-aminoethyl)-2-methylindolizine, 342- 
aminoethyl)-2-methyl-5,6,7,8-tetrahydroindolizine, and some mono- and 
di-N-substituted derivatives were prepared. Initial pharmacological 
screening showed that these compounds possess anti-5-hydroxytryp- 
tamine, antihistamine, antiacetylcholine, and CNS-depressant activi- 
ties. 


Keyphrases 0 Indolizines, substituted-series synthesized, evaluated 
for pharmacological activity 0 Anti-5-hydroxytryptamine activity- 
series of substituted indolizines evaluated 0 Antihistaminic activity- 
series of substituted indolizines evaluated Antiacetylcholine activ- 
ity-series of substituted indolizines evaluated 0 CNS activity-series 
of substituted indolizines evaluated 0 Structure-activity relation- 
ships-series of substituted indolizines evaluated 


A previous paper (1)  reported the synthesis of 3-(3- 
aminopropyl)-2-methylindolizine, 3-(3-aminopropyl)- 
2-methyl-5,6,7,8-tetrahydroindolizine, and some N-alkyl 
derivatives. These compounds showed anti-5-hydroxy- 
tryptamine, antihistamine, antiacetylcholine, and central 
nervous system (CNS)-depressant activities. 


To explore further the structure-activity relationships 
of indolizine compounds, 3-(2-aminoethyl)-2-methylin- 
dolizine, 3-(2-aminoethyl)-2-methyl-5,6,7,8-tetrahy- 
droindolizine, and some N-substituted derivatives were 
synthesized. The in uitro anti-5-hydroxytryptamine, an- 
tihistamine, and antiacetylcholine activities, as well as the 
in uiuo effect on the CNS, were studied. 


EXPERIMENTAL 


Chemistry-The 3-(2-alkylaminoethyl)indolizine derivatives (Table 
I) were prepared as shown in Scheme I. 
2-Methyl-3-(2-nitroethyl)indolizine (11) was obtained by the reaction 


of 2-methylindolizine (I)  with nitroethylene. The structure of I1 was es- 
tablished on the basis of its NMR spectrum, which showed a singlet a t  
d 6.22 (1-H) ppm and signals a t  d 7.85-7.55 (m, 5-H), 7.45-7.07 (m, 8-H), 
and 6.85-6.37 (m, 7-H and 6-H) ppm. 


Reduction of I1 with lithium aluminum hydride gave 3-(2-ami- 
noethyl)-2-methylindolizine (111). Treatment of I11 with ethyl chloro- 
formate, followed by reduction of the 3-ethoxycarbonylaminoethyl de- 
rivative (IV), afforded 3-(2-1ncthylaminoethyl)-2-methylindolizine (V). 
I t  was converted into the dimethyl derivative (VII) by the same reaction. 


VII VI 


Scheme I 
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Table I-Characteristics of 3-(2-Aminoethyl)-Z-methylindolizines 
Boiling 


Point/mm Maleate 
or Melting Yield, Melting Analysis, % Maleate Analysis, % 


Compound Point % Point Formula Calc. Found Calc. Found 


111 


IV 


V 


VI 


VII 


VlIl 


IX 


X 


XI 


81'/0.05 


65-66' ' 
85'/0.05 


122'/0.05 


84'/0.05 


124-1250d 


105"/0.05 


124'/0.1 


88"/0.1 


84 


83 


90 


80 


86 


47 


81 


88 


83 


163-164' 


- 


163-1 64' ' 


- 


131-132'' 


- 


148-1490~ 


- 


94-95" ' 


C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 


75.82 
8.10 


16.08 
68.27 


7.37 
11.37 
76.55 


8.57 
14.88 
69.20 
7.74 


10.76 
77.18 


8.97 
13.85 
72.19 
7.46 


12.95 
77.18 


8.97 
13.85 
73.73 
8.25 


11.47 
78.21 


9.63 
12.16 


76.03 
8.21 


16.07 
68.13 
7.19 
11.34 
76.48 


8.51 
14.92 
69.26 


7.71 
10.69 
77.13 


8.90 
13.81 
72.14 
7.40 


12.89 
77.21 


8.86 
13.77 
73.69 


8.27 
11.46 
78.15 


9.58 
12.19 


C 62.05 
H 6.25 
N 9.65 _ -  


C 63.14 
H 6.62 
N 9.21 _ -  


C 64.13 
H 6.97 
N 8.80 _ -  


C 64.13 
H 6.97 
N 8.80 
- -  


C 65.87 
H 7.57 
N 8.09 


62.09 
6.22 
9.57 


63.22 
6.59 
9.17 


64.05 
6.88 
8.73 


64.21 
6.84 
8.86 


65.72 
7.49 
8.12 


(I Recrystallized from ethanol. Recrystallized from n-hexane. C Recrystallized from isopropanol. Recrystallized from benzene. 


H,CH,N, /R1 


Table 11-Characteristics of 3-(2-Aminoethyl)-2-methyl-5,6,7,8-tetrahydroindolizines T R1 
Maleate 


Boiling Yield, Melting Analysis, % Maleate Analysis, % 
Compound Rt Rz Point/mm % Point Formula Calc. Found Calc. Found 


XI1 H H 77'/0.03 72 135-137'O C11HleN2 C 74.11 74.02 C 61.20 61.18 
H 10.18 10.15 H 7.53 7.47 
N 15.71 15.73 N 9.52 9.56 


XI11 H CzHr, 86'/0.1 78 143-145" C13HzzNz C 75.67 75.61 C 63.33 63.37 
H 10.75 10.77 H 8.13 8.18 
N 13.58 13.56 N 8.69 8.62 


H 7.85 7.79 H 10.48 10.44 
N 14.57 14.53 N 9.09 9.12 


XV CzH5 CzH5 90"/0.1 73 -d C15Hz6Nz C 76.86 76.89 C 65.11 65.13 
H 11.18 11.10 H 8.63 8.61 
N 11.95 11.93 N 7.99 7.94 


XVI CH3 CHa 83"/0.1 75 153-155" Ci3H22Nz C 75.67 75.62 C 63.33 63.38 
H 10.75 10.79 H 8.13 8.17 
N 13.58 13.51 N 8.69 8.63 


XIV H CH.7 73'/0.05 78 170-172'' C1zHzoNz C 74.95 74.98 C 62.31 62.30 


, 
a Recrystallized from ethanol and anhydrous ether. * bcrvstallized from isoDropano1. Recrystallized from anhydrous ethanol. The maleate decomposed when 


heated in solution and is highly hygroscopic. 


Again, acetylation of I11 gave the N-acetyl derivative (VIII), which was 
converted by reduction into 3-(2-ethylaminoethyl)-2-methylindolizine 
(IX).  


Compound IX, again by acetylation followed by reduction, yielded 
3-(2-diethylaminoethyl)-2-methylindolizine (XI). The 5,6,7,8-tetrahy- 
droindolizines (XII-XVI, Table 11) were prepared by catalytic hydro- 
genation of the corresponding indolizines 111, V, VII, IX,  and XI. All 
NMH spectra showed the signal of the 1-proton as a singlet whose position 
varied between d 5.27 and 5.94 ppm. Moreover, the typical signals of the 
pyridine moiety protons, between d 7.9 and 5.8 ppm in the unreduced 
products, had disappeared. All amines were converted to maleates. 
Synthesesi-2-Methyl-3-(2-nitroethyl)indolitine (11)-Nitroeth- 


ylene (0.06 mole) in dry benzene (25 ml) was added dropwise to a stirred 


1 Boiling points are uncorrected. Melting points were determined on a Ruchi 
apparatus and are uncorrected. IR spectra were obtained with a Perkin-Elmer 257 
spectrophotometer. NMR spectra were recorded on a Jeol C-60 HL instrument. 


and cooled (0-5") solution of I (0.057 mole) (2) in acetic acid (5 ml) and 
dry benzene (50 ml). Stirring was continued for 2 days a t  room temper- 
ature. The solution was filtered on silica gel and then carefully made al- 
kaline with 2 N NaOH; the solvent layer was separated and dried. Solvent 
evaporation gave a dark oily residue from which a solid product was 
precipitated by ethanol. 


The solid was filtered and recrystallized from ethanol, mp 78-80', in 
a 57% yield; I R  urnax (mineral oil) 1535 and 1350 (NOz) cm-I; NMR 
(CDC13): d 7.85-7.55 (m, lH, 5-H), 7.45-7.07 (m, lH, 8-H),6.854.37 (m, 
2H, 6,7-H), 6.22 (s, lH, 1-H), 4.42 (t, 2H, CHZNO~), 3.52 (t, 2H, ArCHZ), 
and 2.25 (s, 3H, 2-CH3) ppm. 


Anal.-Calc. for CllH12N202: C, 64.69; H, 5.92; N, 13.71. Found: C, 
64.37; H, 5.79; N, 13.83. 


3- (2-Aminoethyl)-2-nethylindolizine (IIZ)-Slowly, with stirring, 
a solution of I1 (0.01 mole) in dry ether (70 ml) was added to a suspension 
of lithium aluminum hydride (0.031 mole) in dry ether (25 ml). After the 
solution was stirred for 24 hr at rcam temperature, the lithium aluminum 
hydride excess was destroyed with aqueous ethanol, and 2 N NaOH (15 
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ml) was added. The solid was filtered off; after drying, the ethereal SO- 
lution was evaporated. 


(liquid film) 3350 and 3280 (NHd 
cm-'; NMR (CCls): 6 7.8-7.5 (m, lH,  5-H), 7.3-6.97 (m, lH, 8-H), 6.6-6.15 
(m, 2H, 6.7-H), 6.05 (s, lH,  1-H), 3.07-2.7 (m, 4H, CHzCHd, 2.22 (s, 3H, 
2-CH:J, and 0.82 (s,2H, NH2) ppm. 
3-(2-Ethoxycarbonylaminoethyl)-2-methylindolizine (IV) and 3- 


(N-Ethoxycarbonyl-2-methylaminoethyl)-2-~ethylindolizine (VI) 
-With stirring, a solution of ethyl chloroformate (0.05 mole) in chloro- 
form (10 ml) was added dropwise to an ice-cooled solution of I11 or V 
(0.048 mole) in chloroform (50 ml). After 1 hr, water (20 ml) was added; 
stirring was continued for 3 hr. The chloroform layer was recovered, 
washed with 2 N NaOH, dried, and evaporated. Compound 111 yielded 
a solid, which was crystallized; V gave an oil residue, which was dis- 
tilled. 
3- (2-Methylaminoethyl)-2-methylindolizine (V) and 3- (2-Dimeth- 


ylaminoethyl)-2-methylindolizine (VI1)-To a suspension of lithium 
aluminum hydride (0.05 mole) in dry ether (20 ml) was slowly added 0.024 
mole of IV or VI in dry ether (50 ml). The mixture was heated under reflux 
for 14 hr. Aqueous ethanol was added to destroy excess lithium aluminum 
hydride, and then 2 N NaOH (20 ml) was added. After filtration, the 
solution was dried and evaporated, and the residue was distilled. 
3-(2-Acetylaminoethyl)-2-methylindolizine (Vll l )  and 3-(N-Ace- 


tyl-2-ethylaminoethyl)-2-methylindolizine (X)-With stirring, acetyl 
chloride (0.038 mole) in dry ether (10 ml) was slowly added to a solution 
of 111 or IX (0.038 mole). Triethylamine (0.038 mole) in dry ether (20 ml) 
was added, and then the ether was separated off. The aqueous solution 
was again extracted with ether. The extracts were dried, and the solvent 
was driven off. Compound I l l  afforded a solid, which was recrystallized 
from benzene. The liquid obtained from IX was distilled. 
3- (2-Ethylaminoethyl)-2-methylindolizine (1X)-A solution of VIII 


(0.025 mole) in dry tetrahydrofuran (90 ml) was added to a suspension 
of lithium aluminum hydride (0.050 mole) in dry tetrahydrofuran. The 
mixture was refluxed for 6 hr; then aqueous ethanol and 2 N NaOH (30 
ml) were added. After filtration, the solution was dried and evaporated. 
The residue was distilled. 
3- (2-Dimethylaminoethyl)-2-methylindolizine (XI)-To a suspen- 


sion of lithium aluminum hydride (0.04 mole) in anhydrous ether (20 ml) 
was added a solution of X (0.019 mole) in dry ether (50 ml). The mixture 
was refluxed for 12 hr; aqueous ethanol and 2 N NaOH (25 ml) were 
added. After filtration, the ethereal solution was dried and evaporated. 
The residue was distilled. 
3- (Z-Aminoethyl)-2-methyl-5,6,7,8- tetrahydroindolizine (XII) and 


N-Alkyl Derivatives (XIII -X  V1)-A mixture of the suitable indolizine, 
111, V, VII, IX, or XI (0.023 mole), in absolute ethanol (100 ml), 1 g of 5% 
palladium-on-charcoal, and a few drops of acetic acid was hydrogenated 
a t  room temperature a t  0.027 atm. Hydrogenation was stopped when 2 
moles of hydrogen/mole of compound had been absorbed (7 days). The 
catalyst was filtered off, and the solution was made alkaline with 3 N 
NaOH and extracted with ether. 


The ethereal extract was dried and evaporated, and the residue was 
distilled. For XII, the IR spectrum showed urnax (liquid film) 3350 and 
3280 (NH2) ern-'; NMR (CC14): 8 5.3 (9, lH ,  1-HI, 3.7 (t, 2H, 5-CH21, 
2.8-2.2 (m, 6H, 8-CH2, CHzCHz), 2-1.6 (m, 7H, 2-CH3,7-CH2, 6-CH2), 
and 0.93 (s,2H, NH2) ppm. 
Maleates of Indolizines I I ,  V, VII, IX,  and XI-XVI-The suitable 


base in dry ether was added slowly to a stirred equimolar solution of 
maleic acid in dry ether. After cooling, the solid was collected and re- 
crystallized. The maleate of base XV is highly hygroscopic and uncrys- 
tallizable; it was used in the pharmacological test after drying under 
vacuum. All compounds, with the exception of 11, are unstable to light 
and air but can be stored for several months in an inert atmosphere in 
a refrigerator. 


Biological Activities-In uitro, the anti-5-hydroxytryptamine, an- 
tihistamine, and antiacetylcholine activities of compounds were deter- 
mined on the isolated guinea pig ileum or the isolated uterus of estrous 
rats. A previously described technique (1) was employed without any 
modification. 


As comparison standards, tryptamine hydrochloride2 and specific 
inhibitors of 5-hydroxytryptamine (metergoline maleate% histamine 
(di~henhydramine~),  and acetylcholine (atropine sulfate5) were used. 
In addition, the following agonists and doses were used: 5-hydroxytryp- 


The oil residue was distilled; 1R 


Table 111-In Vitro IDao Values on Guinea Pig Ileum Smooth 
Muscle Preparat ion a 


Compound Acetylcholine Histamine 


Atropine 0.0027 (15.9) 
Diphenhydramine 0.0072 (2.22) 
Tryptamine 86.8 (0.0005) 10.83 (0.0014) 


111 9.99 (0.0043) 11.19 (0.0014) 
V 10.3 (0.0041) 2.88 (0.0055) 


VII 15.24 (0.0028) 0.16 (0.1) 
IX 17.34 (0.0024) 2.54 (0.0062) 
XI 8.84 (0.0048) 0.43 (0.037) 


XI1 64.56 (0.0006) 32.28 (0.0005) 
XI11 38.39 (0.001 1) 25.59 (0.0006) 
XIV 37.41 (0.0011) 17.83 (0.0008) xv 89.14 (0.0004) 4.45 (0.0035) 
XVI 34.12 (0.0012) 1.49 (0.01) 


a All concentrations (micro ams per milliliter) refer to the free base. The 
numbers in parentheses are tE antagonistic activity rates (agonist concentra- 
tion/antagonist concentration ratio). 


tamine (creatinine sulfate6). 0.01 1 pglml; histamine dihydrochloride6, 
0.016 pglrnl; and acetylcholine chloride7, 0.043 pg/ml. The synthesized 
products were used as maleates. 


For each substance, the agonist to antagonist ratio wascalculated. I t  
was the ratio between a constant dose of the agonist and the dose of the 
antagonist that reduced by 50% the response evoked by the agonist. 
In uiuo experiments were carried out on Swiss male albino mice. The 


LDb0 values and the effects on the CNS were determined after intrave- 
nous administration. The LD60 value was calculated by the Weil (3) 
method 14 days after treatment. 


To study the CNS effects, the following tests were employed: poten- 
tiation of the hypnotic effect of barbiturates (4), grip strength (5), 
grooming (6), and exploratory activity both in an open field (7) and in 
a hole board (8). For this last test, the number of rearing reactions (open 
field) or of holes explored (hole board) during a 3-min period was con- 
sidered. In these experiments, mice that received simple saline solution 
acted as controls. 


Since this work investigated the effect of replacement of the indole with 
the indolizine system on pharmacological activity, tryptamine was em- 
ployed as reference indole derivative. 


RESULTS AND DISCUSSION 


The results of the in uitro experiments are summarized in Table 111. 
All substances tested possessed anti-5-hydroxytryptamine, antihis- 
tamine, and antiacetylcholine activities. 


The antihistamine effect was clearly more intense in the indolizine than 
in the tetrahydroindolizine derivatives. In both series of compounds, the 
activity increased in the following order: unalkylated, monoalkylated, 
and dialkylated amines. In some instances, the antihistamine activity 
was compared to that of 3-(3-aminopropyl)-2-methylindolizine deriva- 
tives, whose synthesis and pharmacological properties were described 
previously (1). 


In these experiments, all compounds except XI11 appeared less ef- 
fective than the corresponding 3-(3-aminopropyl)-2-methylindolizines 
in inhibiting the spasmogenic effect of histamine on the isolated guinea 
pig ileum. The agonist to antagonist ratios of diphenhydramine and 


Table  IV-Acute Toxicity a 


LDm (Confidence 
Compound Limits), mg/kg 


XI1 
XI11 
XIV xv 
XVI 


52.1 (60-45) 
40 96.9 (47-33) (103-90) 


100 (109-91) 
66.5 (76-58) 


0 All values refer to the free base 
2 Fluka. 
3 Farmitelia, Milan, Italy. 
4 Parke-Davis. 
6 Merck. 


6 Ibis, Florence, Italy. 
7 Roche, Milan, Italy. 
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Table V-Effects on t h e  CNSe 
Barbiturate 


Dose, Grip Behavior in Narcosis Hole 
ComDound me/keh Streneth" Groomined Open Fielde Potentiation[ Boardg 


Controls 208.3 f 9.3 15.1 f 3.5 20.6 f 3.1 0 26.6 f 2.9 
Try tamine 76.2 181.2 f 6.9 131.2 f 21.5 0.12 f 0.1 90 3.25 f 0.63 


30 120 f 9.3 146.5 f 19.5 0 90 0.4 f 0.34 
42 178.3 f 9.3 59.4 f 19.5 0.3 f 0.34 50 9.7 f 3.1 


VII 46 173.3 f 9.3 110.7 f 19.6 0.1 f 0.1 70 3 f 1.1 
IX 23.5 160 f 9.3 63.2 f 19:2 2.7 f 1.65 0 16.6 f 4.1 
XI 34.5 205 f 9.3 49.2 f 19.5 0.4 f 0.34 20 5.1 f 1 


XI1 17.6 190.7 f 13 85.3 f 20.5 0 60 2.2 f 0.6 
8.12 f 1.5 XI11 13.4 212.5 f 10.4 13 f 3.1 6.75 f 1.65 10 


XIV 32.4 175 f 3.5 30.7 f 10 0.75 f 0.75 0 3.37 f 1.25 
xv 33.4 220.8 f 10.4 14.3 f 4.6 2.37 f 0.88 0 7.6 f 1.64 


6.37 f 1.14 XVI 22.2 220.8 f 10.4 13.25 f 5 1.75 f 1.14 10 
0 Figures are the mean f SE of the results obtained on 10-15 mice. All values refer to the free hase. Latency time of the reflex. Rearing reaction 


IIP 
V 


Arbitrary units. 
(during a 3-min observatiiin). Percentage of mice that lost the righting reflex. C Number of holes explored (during a 3-min observation). 


tryptamine were 2.2'2 and 0.0014, respectively. The agonist to antagonist 
ratios of VlI and S V I  were 0.1 and 0.01, respectively; for the other com- 
pounds, this ratio ranged hetween 0.097 (XI) and 0.0005 (XII). Thus, the 
antihistamine activity of VII and XVI was about 20 and 200 times less, 
respectively, than that o f  diphenhydramine while that  of the other 
compounds was up to ahout 4500 times inferior. 


The antiacetylcholine effect of the indolizine derivatives was generally 
larger than that of the corresponding tetrahydroindolizines. All com- 
pounds except XV were up to about eight to 10 times (111, V, and XI) 
more effective antiacetylcholine agents than tryptamine, but their an- 
tiacetylcholine effect proved to he negligible when compared to that of 
atropine. In fact, the agonist to antagonist ratio of atropine was 15.9 while 
that of the other compounds ranged hetween 0.0048 (XI) and 0.0004 
(XV). Thus, the suhstances tested were ahout 3000-40,000 times less 
active than atropine in inhibiting acetylcholine activity. 


The anti-5-hydroxytryptamine activity of the compounds was negli- 
gible and was evident only at doses that irreversibly damaged the isolated 
uterus. 


The  results of in uiuo experiments are summarized in Tables IV and 
V. The LDso value of tryptamine was 228.6 mg/kg. All other compounds 
were more toxic than the reference standard, with the LI)m value ranging 
hetween 40 (XI11) and 138 (VII) (Table IV). 


All compounds showed a more o r  less intense depressive effect on the 
CNS. Exploratory activity in a open field or in a hole board was strongly 
depressed by all substances tested except IX, which reduced rearing re- 
actions hut did not significantly alter the number of holes explored by 
mice. 


Grooming was inhibited by 111, V11, and, to a lesser extent, XII, V, and 
1X but was not reduced significantly or was left unmodified by the re- 
maining substances. 


The hypnotic action of barhiturates was strongly potentiated by 111, 
XII, V, and V11 but was only slightly increased or was left unmodified 
by the others. 


Muscular strength was practically never altered. 


Among the tested suhstances, I11 and, to a lesser extent, V, VII, and 
XI1 proved to be very effective CNS depressants, but their effects could 
not be considered specific since they inhibited ,all of the central activities 
studied to the same extent. However, XV could be considered a more 
specific inhibitor of the CNS since its effect was limited to  the inhibition 
of exploratory activity. 


On the whole, the indolizine derivatives proved to be more effective 
in inhibiting CNS activity than the corresponding tetrahydroindolizines. 
The effect of the latter appeared to  be more specific, however, since these 
compounds mainly affected explorative behavior and practically did not 
modify grip strength, grooming, and the hypnotic action of. harhitu- 
rates. 
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New Spectrophotometric Determination of 
Inorganic Bromide and Chloride Salts in Aqueous Solutions 
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Abstract  0 A new method for the determination of inorganic salts of 
chloride and bromide is described. The method is based on the facts that 
iodine forms complexes with the anions and that these complexes absorb 
strongly in the UV region. The molar absorptivities of IpBr- a t  265 nm 
and IpCI- a t  245 nm were calculated to be 3.27 X lo4 and 2.3 X lo4 M-I 
cm-1, respectively. 


Keyphrases Inorganic salts-spectrophotometric determination of 
aqueous solutions 0 Salts-spectrophotometric determination of inor- 
ganic bromide and chloride salts in aqueous solutions 0 Complexes- 
iodine with inorganic bromide and chloride salts, spectrophotometric 
determination 
~~~~ 


Various methods are available for the quantitative de- 
termination of chloride and bromide ions in aqueous so- 
lutions. Some of these methods are volumetric and gravi- 
metric (1-4) and, therefore, are laborious, time consuming, 
and expensive to do routinely. Relatively newer methods 
(5) based on the use of ion selective electrodes are excellent. 
However, in view of their lack of selectivity, it is necessary 
to have an electrode for each ion and its reagent (6). 


This report describes a sensitive and simple spectro- 
photometric method for the determination of these ha- 
lides. The method is based on the fact that both chloride 
and bromide ions interact with iodine in solution to form 
complexes that absorb strongly in the UV region. 
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Figure 1-UV spectra of solutions containing 3 X 
varying amounts of sodium chloride (NaCI). 
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BACKGROUND 


Iodide, bromide, and chloride ions are known to interact with iodine 
in solution to form complexes of the type I p X -  (7) (Schemes 1-111). 


I2 + I- == 121- 
Scheme I 


I p  + Br- = IZBr- 
Scheme !I 


I2 + CI- == I2CI- 
Scheme III 


The equilibrium constants, defined as: 


(Eq. 1) 


lor Schemes 1-111 have been reported to be 702,11.0, and 2.1, respectively 
(7). These values were confirmed in this study using a different technique 
based on phase solubility. 


Although iodide absorbs rather strongly a t  238 nm and can be deter- 
mined spectrophotometrically, chloride and bromide ions have no UV 
absorbance in this region. However, when chloride or bromide salts are 
added to an aqueous iodine solution to form 1zBr- and IpCI-, these so- 
lutions absorb light strongly in the UV region. The maximum absorbances 
for IpBr- and IpCI- are a t  265 and 245 nm, respectively, whereas iodine 
a t  the same concentration absorbs insignificantly (Figs. 1 and 2). Fur- 
thermore, the absorbance of solutions containing fixed amounts of iodine 
and varying amounts of the halides increases linearly as a function of the 
concentration of the halides (Figs. 3 and 4). 


In view of this information, it would be possible to determine quanti- 
tatively both chloride and bromide in aqueous solutions. 


EXPERIMENTAL 


Reagents a n d  Equipment-A saturated stock iodine solution was 
prepared by adding 2 liters of double-distilled water to 5 g of iodine. The 
solution was left overnight on a shaker to reach saturation. The saturated 
solubility of iodine in water a t  25O was found by titration to he 7.5 X 
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Figure 2-UV spectra of solutions containing 3 X 
uarying amounts of sodium bromide (NaRr)  


M I2 and 


002235491 791 0400-05 13$0 1.001 0 
@ 1979, American Pharmaceutical Association 


Journal of phermaceutical Sciences I 513 
Vol. 68. No. 4, April 1979 







Table I-Concentration of IZRr- Calculated from Eq. 1 as a 
Function of Added Sodium Bromide and the Corresponding UV 
Absorbance at 265 nm a 


Sodium Bromide Added, I2Br- Calculated, UV Absorbance 
M x 104 M X lo6 at 265 nm 


8 2.54 0.080 
16 5.08 0.160 
24 7.42 0.240 
32 9.81 0.530 
40 12.2 0.420 
64 19.0 0.620 
80 23.4 0.820 


100 28.6 0.990 
120 33.8 1.150 


All samples contained 3 X M 12. 


M, in good agreement with the reported value (8). Sodium iodide, sodium 
chloride, and sodium bromide were analytical reagent grades. 


A recording spectrophotometer' was used. 
Phase Solubility Study-Into a 25-ml screw-capped vial with a 


polytef lining, 0.1 g of iodine was placed. Then 12 ml of sodium chloride 
or sodium bromide solution of known concentration was added. The vials 
were left in the shaker for 24 hr, and 10 ml of the supernatant liquid was 
titrated with 1 X M sodium thiosulfate. The iodine concentration 
was calculated and plotted against the concentration of the halide 
added. 


Spectrophotometric Analysis-To each 20 ml of the saturated iodine 
solution (7.5 X M )  placed in 50-ml volumetric flasks, different vol- 
umes of 0.01 M NaBr or 0.1 M NaCl were added to obtain halide con- 
centrations ranging from 8 X to 1.2 X lo-* M for sodium bromide 
and 4 X to 6 X lo-* M for sodium chloride. The volumes were 
completed to 50 ml with douhle-distilled water. The UV spectra of the 
solutions were then measured spectrophotometrically against a blank 
iodine solution prepared as already described. Common impurities 
normally found in these salts such as phosphate. sulfate, and carbonate 
have no effect on the absorbance of these solutions. 


Stability of Solutions-The UV spectra of the solutions were deter- 
mined immediately after their preparation and 3 hr later. No change in 
the UV absorbance was observed. 


Comparison between USP and Spectrophotometric Analyses of 
Sodium Chloride Tablets USP-To compare the reliability of this 
method for analyzing dosage forms, three tablets* were weighed indi- 


r 
0.1 0.2 0.3 0.4 0.6 0.6 


SODIUM CHLORIDE USED, M 


Figure 3-Plot showing a linear increase in the absorbance at 245 n m  
of solutions containing the same concentration of iodine, 3 X 10-4 M, 
and varying concentrations of sodium chloride (NaCl) .  


1 Varian model 118. * Eli Lilly lot IFB50A. 


Table 11-Concentration of I2CI- Calculated from Eq. 1 as a 
Function of Added Sodium Chloride and the corresponding UV 
Absorbance at 245 nm a 


Sodium Chloride Added, I&I- Calculated, UV Absorbance 
M X lo? M X lo6 a t  245 nm 


4 
8 


12 
16 
20 
30 
40 
50 
60 


2.85 
5.65 
8.39 


11.1 
13.7 
20.1 
26.3 
32.1 
37.7 


0.065 
0.130 
0.198 
0.265 
0.320 
0.470 
0.615 
0.742 
0.910 


a All samples contained 3 X 10-4 M 12. 


Table 111-Results and Comparisons of the USP and 
Spectrophotometric Methods Using Commercial Sodium 
Chloride Tablets USP 


Weight of USP Spectrophotometric 
Tablet, g Method, g Method, g 


1.015 
1.010 
1.020 


1.016 
1.014 
1.021 


1.018 
1.01 5 
1.020 


vidually and dissolved in 100 ml of double-distilled water. Then 25 ml 
of each solution was titrated according to the USP method (1). The same 
solutions were analyzed spectrophotometrically by pipetting 10 ml into 
a 50-ml volumetric flask. To this solution, 10 ml of the saturated iodine 
solution was added. The solutions were analyzed spectrophotornetrically, 
and the concentration of sodium chloride was calculated by comparing 
the absorbance of these solutions to that of a standard sodium chloride 
solution treated similarly. 


RESULTS AND DISCUSSION 


Figure 5 shows the results of the phase solubility studies between iodine 
and chloride and bromide ions. The equilibrium constants determined 
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Figure 4-Plot showing a linear increase in the absorbance at 26Fi nm 
of solutions containing the same concentration of iodine, 3 X 10-4 M, 
and varying concentrations of sodium bromide (NaBr) .  
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Figure 5-plot showing the increase in the solubility of iodinp as a 
function of added sodium chloride (A) and sodium bromide ( 0 ) .  


MOLAR CONCENTRATION 


from the slope of the lines of Fig. 5 were 10.6 and 2.4 for bromide and 
chloride, respectively, in good agreement with reported values (7). 


Figures 1 and 2 show the UV absorbances of solutions containing 3 X 
M 12 and varying concentrations of sodium bromide and sodium 


chloride. A linear relationship between the absorbance a t  the corre- 
sponding wavelengths and the concentration of the added halide salts 
was observed. It is apparent from the data of Figs. 1 and 2 that the change 


in the magnitude of the absorbance as a function of the added halide was 
due to changes in the concentration of the complexes formed in solu- 
tion. 


The concentrations of I2Br- and I2CI- can be calculated as a function 
of added halides using Eq. 1 (Tables I and 11). The calculated molar ab- 
sorptivities were 3.27 X lo4 and 2.3 X lo4 M-’ cm-l for I2Br- and IzCI-, 
respectively. 


Table I11 shows the results obtained for the determination of sodium 
chloride tablets by the USP and spectrophotometric methods. The 
agreement between the two methods was excellent. In practice, it is ad- 
visable to determine the unknown together with a known sample using 
the same iodine concentration in both samples. 
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Abstract  The degradation kinetics of 10-acetylphenothiazine were 
studied after isolation and identification of its degradation products, 
phenothiazine, phenothiazine-5-oxide, 3H-phenothiazine-3-one, and 
7-(lO’-phenothiazinyl)-3H-phenothiazine-3-0ne. The acetyl group was 
not present in any degradation product. The degradation rate was in- 
dependent of oxygen but highly pH dependent, indicating a specific 
hydrogen-ion-catalyzed hydrolysis of 10-acetylphenothiazine to give 
phenothiazine, which was oxidized. The experimental values for the 
phenothiazine concentration were in good agreement with values cal- 
culated on the basis of this assumption, both in the presence and absence 
of oxygen. 


Keyphrases 0 10- Acetylphenothiazine-stability and degradation ki- 
netics, pH dependency 0 Phenothiazines-10-acetylphenothiazine, 
stability and degradation kinetics, pH dependency 0 Degradation- 
10-acetylphenothiazine, kinetics, effect of pH 


The kinetics and mechanism of the oxidative degrada- 
tion of phenothiazine and its 10-methyl derivative were 
described previously (1,2).  In this paper, the influence of 
the introduction of an acetyl group on stability is investi- 
gated. The 10-acetyl derivative can be considered as a 
model compound for the phenothiazines having a carbonyl 
function next to the nitrogen atom; these compounds 
possess antiarrhythmic properties (3). The electron- 
withdrawing properties of the acetyl group could possibly 
have a strong stabilizing effect on the phenothiazine ring 
system. 


EXPERIMENTAL 


Materials-10-Acetylphenothiazine’ (I) was recrystallized from 96% 
ethanol, mp 204O, and had a molar absorptivity at 257 nm of 10,194. TLC 
of the recrystallized product in various systems showed only one spot, 
so no further purification was performed. 


All other materials were as previously described (1). 
Isolation and Identification of Degradation ProducteCompound 


I was dissolved in 52.5% ethanol, buffered to an apparent pH of 2.8 with 
sodium acetate-hydrochloric acid (4), and stored in the dark a t  85’ for 
3 days after saturation with oxygen. The degradation products were ex- 
tracted with carbon tetrachloride and isolated by TLC and column 
chromatography. Silica gel and aluminum oxide were used as adsorbents, 
and the solvents were ether, petroleum ether, chloroform, acetone, and 
their mixtures. The best separation was obtained with aluminum oxide 
and ether and silica gel and chloroform, both giving five zones. When the 
degradation was carried out a t  pH 1.7, the same products were found by 
TLC as at pH 2.8. 


T o  isolate the degradation products, the carbon tetrachloride extract 
was evaporated to dryness under reduced pressure a t  room temperature 
and the residue was dissolved in ether. This solution was put onto a silica 
gel column, and the column was then eluted with ether until the colored 
products had left the column. Because one degradation product was not 
eluted with ether, the elution was continued with acetone, giving a so- 
lution that contained only one degradation product. 


The ether eluate was evaporated to dryness under reduced pressure 
a t  room temperature, and the residue was dissolved in ether-petroleum 
ether (1:3). This solution was put onto an aluminum oxide column, and 


1 10-Acetylphenothiazine was a gift from Dr. C. D. M. ten Berge, Farmaceutiach 
Laboratorium, Groningen, The Netherlands. 
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Volume 5 covers a mixed group of drugs. Chapter 1 is about 40 percent 
of the book and includes natural and synthetic narcotics and narcotic 
antagonists. The balance of Volume 5, Chapter 2, discusses antipyretics, 
antiinflammatory and antihyperuricemic agents, local anesthetics, and 
antibiotics. Since these volumes are part of a continuing series, it would 
have seemed more appropriate to include antibiotics in a volume covering 
antiinfective and chemotherapeutic agents. 


At first glance, from the authors’ goals, the reader might expect a 
combination of an exhaustive treatise and laboratory manual for each 
subject. An examination of any volume will show that this was not nec- 
essary. The general format of each section is: ( a )  a general literature re- 
view including the chemistry and biochemical transformation of the drug 
class under discussion; ( b )  a discussion of derivatization, sensitivity, and 
quantitation; and ( c )  several specific examples. A limited number of ac- 
tual procedures is found in the latter part of each chapter. All information 
is well referenced. Perhaps the best way to describe this series is to say 
that each chapter is a very extensive review article. 


Unless an individual is an analytical laboratory director, there is little 
reason to purchase the entire set. On the other hand, individual volumes 
are highly recommended to scientists needing to he knowledgeable in the 
analysis ofa  specific drug group. The entire set should be purchased by 
lihraries whose collections include hooks dealing with instrumental 
analysis. 


Re~jiewed by John H. Block 
School of Pharmacy 
Oregon S t a t e  IJniuivsity 
Corcallis, OR 97331 
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Aromatic and Heteroaromatic Chemistry, Volume 6. A Review of 
the Literature Abstracted between 7/76 and 6/77. By H. SUS- 
CHITZKY and 0. METH-COHN. Chemical Socibty, Burlington 
House, London, W l V  OHN, England. 1978.326 pp. 14 X 22cm. Price 
$47.50. 
This latest volume in the series of Specialist Periodical Reports reviews 


the literature on aromatic and heteroaromatic chemistry abstracted 
between July 1976 and June 1977 and covered by Volumes 85 and 86 of 
Chemical Abstracts. 


The two new senior reporters, Professors Suschitzky and Meth-Cohn, 
have partially reorganized the chapters of this volume in an  attempt to 
reduce the cost and to aid the reader in locating particular topicj quickly, 
in the absence of a subject index. The high cost and lack of a subject index 
were the only previous criticisms of t.his series. The reorganization was 
successful in both endeavors, although the cost of the book is still rela- 
tively high. 


The senior reporters have retained all other aspects developed by their 
predecessors, Professors Bird and Cheeseman, and have maintained the 
high quality presentation of a large amount of factual information so 
valuable to the scientist interested in this area. 


The liberal use of structures and reaction schemes and the practice of 
placing references as footnotes on the page cited have been retained and 


maintain the excellent readability and continuity of the previous vol- 
umes. 


The new chapter titles include: Three and Four-Membered Ring 
Systems; Five-Membered Ring Systems; Six-Membered Ring Systems; 
Six-Membered Heterocycles; Seven-Membered Ring Systems; Me- 
dium-Sized Rings and Macrocycles; and Electrophilic Substitution Re- 
actions. Chapter titles retained include: Nucleophilic Substitution Re- 
actions; Aromatic Substitution by Free Radicals, Carbenes, and Nitrenes; 
Porphyrins and Related Compounds; Naturally Occurring Aromatic 
Oxygen-Ring Compounds; and Other Naturally Occurring Aromatic 
Compounds. Not included, due to the illness of its reporter, was the new 
chapter entitled Six-Membered Homocycles. The volume has a complete 
author index containing over 4300 names, and the 11 chapters include 
over 2200 literature citations. 


Like the previous volumes, this one provides a systematic, critical, 
in-depth account of the progress in aromatic and heteroaromatic chem- 
istry. 


Reviewed b y  Edward F. LaSala 
Massachusetts College of Pharmacy 
Boston, M A  021 15 


Analysis of Steroid Hormone Drugs. By S. GOR6G and GY. SAASZ. 
Akadkmie KiadB, Budapest, Hungary, and Elsevier Scientific Yub- 
lishing Co., Amsterdam, The Netherlands. 1978. 426 pp. Price $59. 
Every scientist interested in the analysis of steroid pharmaceuticals 


should acquire this book. The literature on steroid analysis has become 
so extensive that many review articles have degenerated into mere tax- 
onomy, like the bienniel Analytical Chemistry reviews on drug analysis. 
In contrast, this book provides an informed and intelligent review of the 
subject. It is a volume one can read through as a text, browse in for in- 
tellectual stimulation, or use as a reference for a specific question. 


Organization of the book could well serve as a paradigm for other 
monographs. The chapters are titled, “Fundamental Steroid Hormone 
Chemistry,” “Brief Outline of the Therapeutic Use of Steroid Hormones,” 
“Development of, and Current Trends in, Methods of Steroid Hormone 
Analysis,” “Chromatography of Steroid Hormones,” “Gas Chromatog- 
raphy of Steroid Hormones,” “Functional Group Analysis,” “Assay of 
Dosage Forms,” and “Analysis of Raw Materials for the Semi-syntheses 
of Steroid Hormones.” The author of each chapter or section is identified, 
and each chapter has references. There are author and subject in- 
dexes. 


HPLC methods now are probably the most useful for assay of steroids 
and their pharmaceutical dosage forms. Discussion of this technique in 
the book is much shorter than for GC, which it has largely supplanted. 
Nevertheless, the text is oriented to chemical principles, so it is unlikely 
to he dated rapidly by the appearance of new technology. 


Reviewed by Lester Chafetz 
Analytical Research 
Warner-Lambert Company 
Morris Plains, N J  07950 
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OPUV FORUM 


Development Pharmacist 
The Upjohn Company’s Veterinary pharmacy area has an opening 


for a pharmacist to carry out research and development of various 
dosage forms intended for use in animal health. This job encom- 
passes development of sterile parenterals, oral liquids and various 
solid dosage forms. Candidates should have a BS or MS in phar- 
macy. 


Kalamazoo is a medium sized midwestern community offering 
an excellent mix of cultural/recreationaI pursuits. Comprehensive 
benefits and relocation programs. Submit resume in confidence 
to: 


Call for Papers 


, 


In response to the suggestion of some of Professor T. 0. Soine’s 
former students and friends, as well as on the advice of the Editor of 
J. Pharm. Sci. concerning the publication of a group of papers in one 
issue in memory of Dr. Soine of Minnesota, we would like to set up the 
following guidelines: 


1. All manuscripts submitted for this purpose should be addressed 
to: 


Dr. Mary H. Ferguson, Editor 
Journal of Pharmaceutical Sciences 
2215 Constitution Avenue, N.W. 
Washington, DC 20037 


2. All papers should be indicated as “Dedicated to the memory of 
the late Professor Soine.” This dedication should appear in the first 
footnote of the paper and be attached to the paper on a separate 
sheet. 


3. The deadline for receipt of these papers is May 1, 1979. 


Kuo-Hsiung Lee 
Department of Medicinal Chemistry 
School of Pharmacy 
University of North Carolina 
Chapel Hill, NC 27514 


Received January 10,1979. 


Nondisin tegra tion o f  a 
Capsule’s Contents 


A recent article in this Journal’ forceably called my attention, 
again, to the fact that  our pharmaceutical industry scientists have not 
yet developed a good capsule disintegrant. Or, if they have, it is a well- 
guarded secret, known only to a select few. I n  view of the public 
posture espoused by Eli Lilly and Co. in regard to the innate quality 
of all products from the top manufacturers, it is difficult for this 
writer to conceive that they would produce a capsule product (in this 
case, aspirin) that was an intentionally “slowed” or “timed” release 
product without claiming that they did so deliberately. 


different methods, aspirin dissolved more slowly a t  a stirring rate of 
75 rpm from the capsule formulation than from two readily available 
tablet formulations. It is clear that  the authors were studying 
dissolution rate methodologies and not dosage forms per se. Their 
results, however, agree quite well in magnitude and direction with 
much earlier work2 whose intention was to compare dissolution rate 
availability of tablets and capsules as dosage forms. Apparently, no 
one has paid much attention to Paikoff and Drumm3 either since they 
reported that the contents of a capsule remained in a holder like a 
“sausage” after the gelatin shell was gone. 


Once again, the challenge is expressed: capsule formulators need a 
good disintegrant, one as good as compressed starch in a tablet. The 
experimentor who develops one good enough (and cheap enough) will 
have created a “new” dosage form from a very old dosage form and 
should probably make a bundle. 


The reader is referred to Figs. 2-5 in the above-cited article. By four 


Willis E.  Moore 
College of Pharmacy and Allied Health 


Professions 
Wayne State University 
Detroit, MI 48202 


Received November 20,1978. 


IT. E. Needham, ti. Shah, J. tiotzan, and H .  Zia, J. Phorm. Sci., 67, 1070 
(1978). 


P. 1’. Shah and W. €3. Moore, ibtd., 59, 1034 (1970). 
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FACULTY POSITION 
Assistant Professor of Pharmacology. Ph.D. pre- 


ferred but not essential. Under raduate degree in 
pharmacy desirable. Primari P y undergraduate 
teaching of pharmacology and biochemistry. Uni- 
versity town of 14,000 on eastern edge of South Da- 
kota. 


Send resume to 
Dean Raymond E. Hopponen 


College of Pharmacy 
South Dakota State University 


Brookings, SD 57007 
Affirmative ActiodEqual Opportunity Employer 


I 


Myra W. Johnson 
The Upjohn Company 
7171 Portage Road 
Kalamazoo, MI 49001 


An Equal Opportunity Employer MIF 111 
~~ ~ 


University of Georgia School of 
Pharmacy 


Faculty Position’in Pharmaceutics/Biopharmaceutics 
Applicants are invited to apply for a full-time (12 rnonthsj faculty position at 


the Assistant Professor or Associate Professor level in the Department of Pharmacy 
of the University of Georgia School of Pharmacy. The starting date is flexible. 
A plicants should possess a B.S. degree in Pharmacy and a Ph.D. degree in 
P!armaceutics and must be qualified to teach undergraduate and graduate courses 
in dosage form technolo , biopharmaceutics and physical pharmacy. A strong 
background in analyticaEhemistry is desirable. The successful applicant is ex- 
pected to participate in the graduate program and develop independent research 
pro rams The salan is competitive and will be commensurate with qualifications 
an!experience. The closing date for application is March 1,1979, or until asuitable 
candidate is selected. 


Interested candidates should send a letter of application accom anied by a 
curriculum vita and the names of three references to: D. E. Cadwalfader, PLD., 
Head, Department of Pharmacy, School of Pharmacy, University of Georgia, 
Athens, Georgia 30602. 


The Univtmity of Georgia is an equal opporfunity affirmative action employer. 


FACULTY POSITION IN 
PHARMACEUTICS/INDUSTRIAL PHARMACY 


Due to retirement. a faculty vacancy on a tenure track will exist in September, 
1979. In addition to participation in teaching the course sequence in pharma- 
ceiitics. the succcssfril applicant will develop and teach elective courses in in- 
dustrial pharmacy. 


Located in n modern, air conditioned building constructed in 1972. the well 
cqui prd manufacturing laboratories, adjacent to the nuclear pharmacy and a 
sti>ril)c prodncts lahoratory, offer excellent potential for research activity. 


The 1978 Fall enmllment in the School of Pharmacy is about 450 students in 
the last thrcc wars ofa 2-3 program. 


Ferris StatdCollege. with an enrollment of over 10,000 students, is situated on 
a relativelv new cam us. 55 miles north of Grand Ra ids (Michigan’s second 
Inrgcst cits7.l and 40 miks south of Michigan’s winter anfsummer resort and lake 
iireiis. 


‘The cmditlate must have a Ph.D. with a major in pharmaceutics or related area 
iiiiil pd”! r~ r I ) lv  bc rcgistercd ph;irm;icist. Rank and salary arc open md will 
1111 dctwniinix~ h v  ctlncati~rnel hsckgronnd and cxperience. 


A pliwnts shdnld snbmit a letter of application and resume to: Dean Ian W. 
Matiison, Ph.D., School of Pharmacy, Ferris State College, Big Rapids, Michigan 


Eqrial Opportunit)‘/Affirmative Action Employer 
49307 (616) 796-2641, Fkt. 3300. 
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Sustained Release of Drugs from Ethylcellulose-Polyethylene Glycol 
Films and Kinetics of Drug Release 


Y. SAMUELOV, M. DONBROW”, and M. FRIEDMAN 
Received April 11,1978, from the Pharmacy Department, School of Pharmacy, Hebrew University, Jerusalem, Israel. 
publication August 22,1978. 


Accepted for 


Abstract 0 Cast films composed of different ratios of polyethylene glycol 
and ethylcellulose containing salicylic acid, caffeine, and tripelennamine 
as model dispersed drugs were prepared and exhibited sustained release. 
The drug content of the film declined a t  an apparent first-order rate 
initially, whereas the drug quantity released was proportional to the 
square root of time. Data analysis validated the latter treatment, which 
is in accordance with the diffusional matrix model, and disproved the 
validity of the apparent first-order conformity. The release rates were 
independent of film thickness and proportional to drug concentration 
in pure ethylcellulose films; in polyethylene glycol-ethylcellulose films, 
a positive deviation from linearity was observed. The logarithm of the 
rate constant was proportional to the fraction of polyethylene glycol in 
the film. Unlike in pure ethylcellulose films, the release rate in mixed 
films was altered by a change in the external fluid pH. 


Keyphrases 0 Ethylcellulose-polyethylene glycol films-containing 
model dispersed drugs, drug release kinetics 0 Polyethylene glycol- 
ethylcellulose films-containing model dispersed drugs, drug release 
kinetics 0 Films-ethylcellulose-polyethylene glycol containing model 
dispersed drugs, drug release kinetics Sustained-release films-eth- 
ylcellulose-polyethylene glycol, containing model dispersed drugs, drug 
release kinetics 0 Dosage forms, potential-ethylcellulose-polyethylene 
glycol films, containing model dispersed drugs, drug release kinetics 


Incorporation of drugs in inert polymer films during 
their manufacture affords a possible method of achieving 
controlled release. Such products can be adapted to topi- 
cal, oral, and other routes of administration by utilizing 
them directly or in the form of coatings (1-3). Drug release 
rates may be altered by variations of the dimensional pa- 
rameters of the film, the polymer matrix material, and the 
drug concentration in the film. 


Greater changes may be obtained by the use of additive 
polymers selected on the basis of hydrophilicity properties, 
such as hydroxypropylcellulose in polyvinyl acetate films 
(3). Polyethylene glycol 4000 was recently studied in con- 
nection with barrier films and drastically increased the 
permeability of ethylcellulose films in proportion to the 
amount added (4). Unlike hydroxypropylcellulose, the 
polyethylene glycol is leachable, introducing porosity and, 
hence, solvent-occupied regions into the films without loss 
of barrier properties. 


The objective of the present work was to study the in- 
fluence of polyethylene glycol as a film component on the 
release of drugs dispersed in ethylcellulose films. While 
such films might behave diffusionally (5) like ethylcellulose 
films containing caffeine and salicylic acid (l), the loss of 
polyethylene glycol could give rise to either homogeneous 
or heterogeneous release (6). 


In the design of controlled-release products, the com- 
bination of drug and permeabilizing agent in different 
quantities has an important influence on the release rate 
and membrane structure. The presence of two leachable 
components, one tending to form isolated pores and the 
other of undetermined pore-forming and plasticizing 
properties, could give rise to more than one kinetic pattern 
and could increase the release rate abruptly a t  a critical 


porosity value. Films heavily loaded with drugs or per- 
meabilizers might be expected ultimately to show structure 
breakdown, leading to rapid dissolution-controlled drug 
release. 


The effects of composition on the consistency of release 
behavior were explored utilizing salicylic acid and caffeine. 
Their permeabilities were studied in the corresponding 
barrier film systems. Films containing the basic drug tri- 
pelennamine were also included for comparison. Prelimi- 
nary work showed that these combinations had satisfactory 
film-forming and release properties (7). The general ap- 
proach followed that of Borodkin and Tucker (3) in their 
study on mixed film composition. 


EXPERIMENTAL 


Materials-Ethylcellulose (N-type) had an ethoxyl content of 
47.5-49.096. The viscosity of a 5% (w/w) solution in toluene-&hanol(80:20 
w/w) was 100 cps’. Polyethylene glycol 40002 was BPC grade. Caffeine, 
salicylic acid, and tripelennamine hydrochloride were USP grade. The 
pH 7.00 and 2.00 buffers were USP buffer mixtures. 


Film Preparation-The films were cast from a chloroform solution 
containing 10% (w/w) total drug and polymers on polytef-coated plates, 
using the techniques of Kanig and Goodman (8). The solvent was allowed 
to evaporate for 24 hr, the film was removed from the plate and air dried 
for 24 hr, and the drug content was calculated from the weight ratio of 
drug and polymers used. 


Tripelennamine was added as an oily liquid, prepared from an aqueous 
solution of the salt by addition of 5 N NaOH, extraction with chloroform, 
and evaporation of the solvent. Spectrophotometric determination of 
the drug content after solution of specimen films in chloroform gave re- 
sults that accorded with the weight ratios used in all three systems. 


Determination of Release Rate-Films were cut to a circular form 
36 cm2 in area and were weighed accurately. Film thickness was measured 
in 10 different places with a micrometer3. The thickness used did not vary 
by more than 5% over the film surface. The membranes were attached 
to glass plates with a silicone pressure-sensitive adhesive4 and immersed 
in 500 ml of buffer solution preheated to 37’. (The quantities used af- 
forded sink conditions.) The solution was mixed with a polystaltic pump5 
a t  a flow rate of 31 ml/min. T o  avoid water evaporation, the vessels were 
covered with aluminum foil during the experiments. 


Aliquots (5 ml) were withdrawn a t  various times and replaced by fresh 
solvent, with corrections being applied in the calculations. The amount 
of drug released was determined spectrophotometrically6 a t  the maxi- 
mum: salicylic acid a t  296 nm, caffeine a t  273 nm (both in pH 7 buffer), 
and tripelennamine at 246 nm in 0.1 N HCI. 


Experiments were duplicated or triplicated, and mean results were 
reported. Reproducibility was within 5% of the mean. 


THEORETICAL 
The release of drugs dispersed in thin films can be treated using the 


Higuchi (5,6) equations for diffusion-controlled transport in a polymer 
matrix. In a planar homogeneous system, the following relationship 
holds: 


Q = [D(2A - Cx)C,t]”* (Eq. 1) 


Hercules, Wilmington, Del. 
2 B.D.H. Ltd., Poole, England. 
3 Tesa Master, Tesa, Switzerland. 
4 Row Corning Cor Midland, Mich. 


6 Unicam SP 1800, Pye Unicam Ltd., Cambridge, England. 
Model MHRK, dkson-Marlow, Falmouth, England. 
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Figure 1-Drug release into pH 7 buffer from film containing5% ( w / w )  
caffeine in 4:6 polyethylene glycol-ethylcellulose. (The total drug 
content was 12 mg.) Key: 0,  Q versus t; and A, Q‘ versus t1l2. 


where Q is the amount of drug released per unit area exposed after time 
t ;  and D, A,  and C, are the diffusivity, initial concentration, and solubility 
of the drug in the matrix, respectively. Where the matrix is granular and 
the drug is removed from a planar slab by leaching through a capillary 
network, Q, the amount of drug liberated per unit surface area of matrix 
into the external medium in time t is given by: 


(Eq. 2) 


where C, is the solubility and D is the diffusion coefficient of the drug 
in the leaching medium and t is the porosity and T is the tortuosity of the 
matrix. 


In the homogeneous case, drug release is directly proportional to the 
square root of time. Equation I then reduces to: 


Q’ = k’t1/2 (Eq. 3) 
If Q’ is the amount of drug released from an area of film S, Q = QS and 


k = [D(2A - Cs)Cs]1/2 (Eq. 4) 
Equation 3 also describes the case of the granular matrix if the value 


of k remains constant throughout the leaching process. Then k is given 
by: 


(Eq. 5) 


k‘ = kS,  where k is the release rate constant given by: 


1 /2 


RESULTS AND DISCUSSION 
From each film composition studied, the drugs were released at a rate 


that decreased with time. Treatment of the experimental data on the 
basis of the diffusion-controlled model indicated that the drug concen- 
tration increased linearly with the square root of time in all systems. 
Figure 1 shows typical 8’-t and Q’-t1/2 plots obtained from films con- 
taining 5% caffeine with polyethylene glycol 4000 and ethylcellulose in 
a 4:6 ratio. All of the drugs and films used gave this type of release pat- 
tern. 


The data also appeared to fit afirst-order equation (Eq. 6), used to 
describe the release from certain polymer films (2,s): 


where A’ is the drug content of the film at time t .  


(Eq. 6) 
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Figure 2-Plots of release rate into pH 7 buffer of 20% ( w / w )  salicylic 
acid from 4% polyethylene glycol-ethylcellulose film against the amount 
of drug release ( 9 ’ )  (0) and the reciprocal of the amount of drug release 
( l / Q ’ )  (0) .  


Table I-Comparison between Linearizations of Release R a t e  
Data * by First-Order and Diffusion Treatments  for  a 20% 
(w/w) Salicylic Acid in Polyethylene Glycol-Ethylcellulose Film 


Polyethylene Glycol- First Order Diffusion Control 
Correlation 


Ratio tlae, min Coefficient tla.. min Coefficient 
Ethylcellulose Correlation 


0:lO -173 0.987 0.11 0.999 
1:9 -174 0.986 0.22 0.999 
2:s -209 0.991 0 0.999 
4:6 -141 0.989 0.16 0.998 
5:5 -65 0.989 0.32 0.997 


Release into pH 7 buffer. 


Some typical evaluations of the best statistical lines obtained using 
the two equations with release data from salicylic acid films are listed in 
Table I. The diffusion equation gave consistently higher values for the 
correlation coefficient (0.997-0.999) than did the first-order equation 
(0.986-0.99 1).  
Lag times for establishment of the apparent linear relations in the two 


treatments also are included in Table I. They were negligibly short in the 
diffusion model and unreasonable in the first-order model. 


Further evidence bearing upon the relative validity of these two models 
was obtained by utilizing the differential forms of their rate equations 
(1 ,  10). For diffusion control, the rate dQ‘/dt is proportional to the re- 
ciprocal UQ’, where Q’ is the total drug released at a given time: 


dQ‘ - k’2 


dt 2Q‘ 
For first-order release, the rate is related directly to Q’: 


(Eq. 7) 


(Eq. 8) 


Release rates were determined by measurement of the slopes of Q uersus 
time curves. When the release rates from a typical film of high leachable 
content (52%) were plotted as a function of Q’ and UQ’, linearity was 
obtained only in the latter case (Fig. 2). indicating that the process is 
diffusional. 


Similar results were obtained with films containing other drugs and 
concentrations; some representative data are included in Table 11. 


Final evidence is provided by plots of log Q’ against log t , based on the 
logarithmic form of the diffusional Eq. 3 (Fig. 3). All film compositions 
studied gave slopes of 0.5. 
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Figure 3-Relationship of log Q' to log t. Key: A, 20% (w /w)  salicylic 
acid in 4:6 polyethylene glycol-ethylcellulose f i lm (slope = 0.514, r = 
0.999); 0 ,20% (w /w)  salicylic acid in 2:8 polyethylene glycol-ethyl- 
cellulose film (slope = 0.499, r = 0.999); and 0,  20% (w /w)  tripelen- 
namine in 2:8 polyethylene glycol-ethylcellulose f i lm (slope = 0.526, 
r = 0.999). (Release was into pH 7 buffer.)  


o(.-. . --. 
/= . 


/ O  /*- -0-• 
-0-• 


/ O  


//* 
/ * O  - 


I uu L W U  JUU 


A, mglml 


Figure 4-Relationship of k' to the initial salicylic acid concentration. 
Key: 0,  ethylcellulose film; and 0, 3:7 polyethylene glycol-ethylcel- 
lulose film. (Release was into pH 7 buffer.) 


Experimentally, the linear diffusion model held up to 80-90% drug 
release, after which the rate decreased progressively. This deviation would 
he explained by the total exhaustion of solid drug phase from the film, 
subsequent to which the diffusion gradient would show first-order de- 
pendence on drug content. The experimental conditions used ensured 
that, with all three drugs, ultimate sink concentrations were insignificant 
compared to drug solubilities in the external buffer solutions. Therefore, 
the deviation was not the result of an external concentration gradient. 


Film Thickness-As expected from Higuchi's equation, film thickness 
had no influence on the release rate constant (Table 111). However, the 
time for release of half of the drug content of the film, termed the product 
half-life ( t 1 / 2 ) ,  is related to the film thickness. This relationship is indi- 
cated conveniently by Eq. 9, derived from Eq. 3, and shows the direct 
relationship between t 112 and the square of film thickness, h: 


t -0' 


A, mglml 


Figure 5-Relationship of k' t o  the initial tripelennamine concentra- 
tion. Key: 9, ethylcellulose f i lm; and 0,3:7polyethylene glycol-eth- 
ylcellulose film. (Release was into pH 7 buffer.) 


Table 11-Comparison of Parameters of Linearity Obtained 
from Plots of Release Rate a against the Reciprocal Amount 
(l/Q') and the  Amount (Q') of Drug Released 


Polyethylene 
Concentra- Glycol- Correlation Coefficient 


Ethylcellulose Rate uersus Rate uersus tionb, 
Drug % (w/w) Ratio 1/Q' Q' 


Salicylic acid 20 4:6 0.999 0.919 


Tripelennamine 20 2:8 0.999 0.938 


Salicylic acid 20 2:8 0.999 0.959 
Tripelennamine 20 4:6 0.991 0.960 


Caffeine 5 4:6 0.993 0.970 
~ 


0 Release into pH 7 buffer. * Drug in dry film. 


where A is the initial drug concentration in the film (milligrams per 
milliliter) and k is the release rate constant (cf., Ref. 3). 


The calculated and measured times for 50% drug release from mem- 
branes containing 20% salicylic acid and tripelennamine in polyethylene 


5 10 15 20 
MINUTESi'* 


Figure 6-Drug release into pH 7 buffer f rom films containing 20% 
(w /w)  salicylic acid at different polyethylene glycol-ethylcellulose ra- 
tios. Key: 0,5:.5; A, 4:6, 0, 2:8; w, 1:9; and 0,  0:lO. 
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Figure 7-Scanning electron micrographs of films (X5000): Key: A, 20% (w/w) salicylic acid in pure ethylcellulose after release of most of the drug; 
B,30% (w/w) polyethylene glycol in ethylcellulose film after leaching out of the hydrophitic component (no drug present); and C, 20% (w /w)  
salicylic acid in 3:7 polyethylene glycol-ethylcellulose film after release of the drug. 


Table 111-Effect of Film Thickness ( h )  on the  Drug Release Rate  Constant ( k )  and  Half-Life ( t l / z )  for  1:l Polyethylene Glycol- 
Ethylcellulose Films Containing Drugs 


Film Thickness, k’, t1/2, min Correlation 
SvstemO mm md36 cm2 min112 Calculated MeasuredC Coefficient 


Salicylic acid, 2096, pH 7 


Tripelennamine, 2096, pH 7 


Tripelennamine, 2096, pH 2 


0.072 
0.100 
0.133 
0.071 
0.104 
0.128 
0.069 
0.097 
0.125 


3.85 
3.83 
3.90 
2.38 
2.46 
2.45 
3.65 
3.57 
3.62 


55 
107 
183 
153 
305 
466 
61 


126 
203 


58 
105 
192 
162 
299 
454 
59 


133 
212 


0.995 
0.997 
0.997 
0.997 
0.998 
0.996 
0.999 
0.995 
0.997 


~~ ~~ ~~ 


0 Drug concentration by weight in dry film; pH of external solution. b Calculated according to Eq. 9. C Measured from the experimental graphs at the point corresponding 
to the release of exactly 50% of the initial drug content of the film. 


Table IV-Effect of Polyethylene Glycol-Ethylcellulose Ratio 
and pH on the  Release Rate  Constant (P) fo r  Films Containing 
20% (w/w) Tripelennamine 


~ ~~~ 


Polyethylene 
Glycol- Film k‘ (pH 7)”, Film k‘ (pH 2)“, 


Ethylcellulose Thickness, mg/36 cm2 Thickness, mg/36 cm2 
Ratio mm min1/2 mm min”2 


010 0.098 0.219 0.087 0.229 
1:9 0.089 0.346 0.099 0.405 
2 8  0.117 0.723 0.125 0.748 
3 7  0.117 0.900 0.124 1.30 
4:6 0.071 1.48 0.091 2.39 
5 5  0.128 2.45 0.125 3.62 
6 4  0.106 4.41 0.097 6.15 


Correlation coefficient: 0.995-0.999. 


Table V-Effect of Polyethylene Glycol-Ethylcellulose Ratio on 
the Drug  Release Rate  Constant (k )  for  20% (w/w) Salicylic 
Acid and 10% (w/w) Caffeine Films 


Correla- 


Ethylcellulose Film Thickness, mg/36 cm2 Coeffi- 
Polyethylene Glycol- k’ ,  tion 


SvstemO Ratio mm min”2 cient 


Salicylic 010 
acid, 1:9 
20% 2:8 


3:7 
4:6 
55 


0.057 0.518 0.999 
0.057 0.793 0.999 
0.073 1.24 0.999 
0.087 1.80 0.998 
0.082 2.69 0.999 
0.133 3.90 0.997 
0.085 0.301 0.997 
0.069 0.491 0.999 
0.106 0.851 0.995 
0.102 1.44 0.998 
0.130 2.51 0.999 


Drug concentration by weight in dry film using pH 7 external solutions. 


glycol-ethylcellulose (1:l) films are included in Table 111 and are in ex- 
cellent agreement. 


Drug Concentration-The effect of drug concentration on the release 
rate constant was tested using eight concentrations of tripelennamine 
(5-40%) and six concentrations of salicylic acid (5-3096) in pure ethyl- 
cellulose and polyethylene glycol 4000-ethylcellulose (3:7) films (Figs. 
4 and 5). There was a linear relationship between the release rate constant 
and the drug concentration in a pure ethylcellulose film. Both diffu- 
sion-controlled release models (Eqs. 4 and 5) indicate that the release 
rate constant should be proportional to the square root of the initial drug 
concentration, A?. However, in systems where the drug is the only ex- 
tractable component and the initial porosity of the film is negligible, 
increasing the amount of drug dispersed in the film would increase the 
porosity by the same factor but would not affect the other parameters. 
Thus, for these systems, the release rate constants should increase in 
direct proportion to the drug concentration (6). 


Different results were obtained for films composed of ethylcellulose 
and polyethylene glycol 4000 (Figs. 4 and 5). Although there was a linear 
relationship between k and A when the drug content was low, a positive 
deviation was observed a t  elevated drug concentrations in both drug 
systems. This result may indicate that other factors are changing with 
the amount of drug in the film. In particular, leaching out of the poly- 
ethylene glycol 4000 and pore formation increase the external film area 
exposed to the solvent, increase the internal porosity, and decrease the 
tortuosity. The added contribution of leaching out of the drug to these 
factors is most significant a t  high drug concentrations. A similar phe- 
nomenon was observed (11,12) in studies on the release of chlorphenir- 
amine and sodium salicylate from a hydrophilic matrix. 


Polyethylene Glycol Content-The effect of an increasing poly- 
ethylene glycol content a t  constant drug concentration was a marked 
increase in the release rate for all three drugs. Some examples are shown 
in Fig. 6 for salicylic acid; the other drugs gave a similar pattern. 


The slopes of the linear Q-t1l2 plots give the diffusional release rate 
constants (k’, Eq. 3) for the individual drug film systems (Tables IV and 
V). 


Subject to the condition that 2A >> C, or eCS, 
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Figure 8-Relationship of log k (release rate constant) to the fraction 
of polyethylene glycol in the polymer matrix. Key: .,20% ( w / w )  sali- 
cylic acid filmy 0,20% (UJ/W)  tripelennamine films; and A, 10% ( w / w )  
caffeine films. (Release was into p H  7 buffer.)  
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The polyethylene glycol 4000 underwent rapid leaching out, with about 
90% being recovered from the water within 15 min for 35-rm film con- 
taining 30% of the polyethylene glycol. Scanning electron microscopy (Fig. 
7) demonstrated that the loss of polyethylene glycol from polyethylene 
glycol-ethylcellulose films on leaching with water resulted in the for- 
mation of large pores (Fig. 7B) that were not formed in films of the drug 
in pure ethylcellulose (Fig. 7A). The presence of drug and polyethylene 
glycol together in ethylcellulose films gave pores on leaching (Fig. 7C) 
that were indistinguishable from those given by polyethylene glycol- 
ethylcellulose alone. 


With an increase in porosity, the void volume would be expected to be 
occupied by external solvent diffusing into the film. In most compositions 
studied, the release rate constants increased drastically with an elevation 
of the polyethylene glycol content of the film. A plot of the release rate 
constant, k, against the fraction of polyethylene glycol in the polymer 
mixture demonstrated a positive deviation. On the other hand, plots of 
log k against the polyethylene glycol fraction were linear, following Bo- 
rodkin and Tucker's equation (3): 


log k = ~ D / P E G  f log kEc (Eq. 10) 


where k~ is a constant specific for each drug and polymer system and 
drug concentration, / is the fraction of polyethylene glycol, and kEC is the 
value of the release rate constant in ethylcellulose film. Figure 8 shows 
graphically the linear relationship of log k to the fraction of polyethylene 
glycol 4000 in ethylcellulose film for salicylic acid, tripelennamine, and 
caffeine. The same relation was obtained with hydroxypropylcellulose- 
polyvinyl acetate films (3). 


pH Effects-In films containing polyethylene glycol, the release rate 
of tripelennamine was altered by a change in the pH of the external fluid. 
Release was more rapid a t  pH 2 than a t  pH 7 (Table IV). The same phe- 
nomenon, but in the reverse direction with respect to pH, was observed 
with salicylic acid; a t  an ethylcellulose-polyethylene glycol ratio of 6:4, 
it gave significantly faster release a t  pH 7 than a t  pH 1 (Table VI). These 


Table VI-Effect of pH on t h e  Drug  Release Rate  from Films 
Containing 20% (w/w) Salicylic Acid 


Poly- 
ethylene 
Glycol- Correla- Correla- 
Ethyl- k' (PH 7), tion k' (PH I), tion 


cellulose mg/36 cm2 Coeffi- mg/36 cm2 Coeffi- 
Ratio min1'2 cient min"2 cient 


~ ~~ 


010  0.518 0.999 0.525 0.998 
4:6 2.69 0.999 1.85 0.999 


drugs would be expected to be converted into their salts or into mixtures 
of the salts and unionized forms when dissolved in the leaching solvent, 
according to their pKa values and the buffer pH values. 


With tripelennamine, the salt form would predominate in the test 
buffers, but the ratio of unionized to ionized drug and, hence, the solu- 
bility of the drug in the leaching fluid would be reduced a t  pH 7 compared 
to pH 2. Similarly, salicylic acid would be less ionized and less soluble a t  
pH 1. Evidently, ionizable drugs are released a t  rates related to their 
solubilities in the leaching solvent. 


As the polyethylene glycol-ethylcellulose ratio increases, the differ- 
ential pH effect becomes more significant. These mixed films behave as 
granular matrixes in which the solubility and diffusivity of the drug in 
the permeating fluid determine the release rate. In contrast, pure eth- 
ylcellulose films behave as homogeneous matrixes, with drug release being 
controlled by transport through the ethylcellulose and unaffected by the 
external pH. This behavior is clearly shown by the identical release rate 
constants of tripelennamine a t  pH 2 and 7 and of salicylic acid a t  pH 1 
and 7 in pure ethylcellulose films (Tables IV and VI). 
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Figure 5-plot showing the increase in the solubility of iodinp as a 
function of added sodium chloride (A) and sodium bromide ( 0 ) .  


MOLAR CONCENTRATION 


from the slope of the lines of Fig. 5 were 10.6 and 2.4 for bromide and 
chloride, respectively, in good agreement with reported values (7). 


Figures 1 and 2 show the UV absorbances of solutions containing 3 X 
M 12 and varying concentrations of sodium bromide and sodium 


chloride. A linear relationship between the absorbance a t  the corre- 
sponding wavelengths and the concentration of the added halide salts 
was observed. It is apparent from the data of Figs. 1 and 2 that the change 


in the magnitude of the absorbance as a function of the added halide was 
due to changes in the concentration of the complexes formed in solu- 
tion. 


The concentrations of I2Br- and I2CI- can be calculated as a function 
of added halides using Eq. 1 (Tables I and 11). The calculated molar ab- 
sorptivities were 3.27 X lo4 and 2.3 X lo4 M-’ cm-l for I2Br- and IzCI-, 
respectively. 


Table I11 shows the results obtained for the determination of sodium 
chloride tablets by the USP and spectrophotometric methods. The 
agreement between the two methods was excellent. In practice, it is ad- 
visable to determine the unknown together with a known sample using 
the same iodine concentration in both samples. 
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Abstract  The degradation kinetics of 10-acetylphenothiazine were 
studied after isolation and identification of its degradation products, 
phenothiazine, phenothiazine-5-oxide, 3H-phenothiazine-3-one, and 
7-(lO’-phenothiazinyl)-3H-phenothiazine-3-0ne. The acetyl group was 
not present in any degradation product. The degradation rate was in- 
dependent of oxygen but highly pH dependent, indicating a specific 
hydrogen-ion-catalyzed hydrolysis of 10-acetylphenothiazine to give 
phenothiazine, which was oxidized. The experimental values for the 
phenothiazine concentration were in good agreement with values cal- 
culated on the basis of this assumption, both in the presence and absence 
of oxygen. 


Keyphrases 0 10- Acetylphenothiazine-stability and degradation ki- 
netics, pH dependency 0 Phenothiazines-10-acetylphenothiazine, 
stability and degradation kinetics, pH dependency 0 Degradation- 
10-acetylphenothiazine, kinetics, effect of pH 


The kinetics and mechanism of the oxidative degrada- 
tion of phenothiazine and its 10-methyl derivative were 
described previously (1,2).  In this paper, the influence of 
the introduction of an acetyl group on stability is investi- 
gated. The 10-acetyl derivative can be considered as a 
model compound for the phenothiazines having a carbonyl 
function next to the nitrogen atom; these compounds 
possess antiarrhythmic properties (3). The electron- 
withdrawing properties of the acetyl group could possibly 
have a strong stabilizing effect on the phenothiazine ring 
system. 


EXPERIMENTAL 


Materials-10-Acetylphenothiazine’ (I) was recrystallized from 96% 
ethanol, mp 204O, and had a molar absorptivity at 257 nm of 10,194. TLC 
of the recrystallized product in various systems showed only one spot, 
so no further purification was performed. 


All other materials were as previously described (1). 
Isolation and Identification of Degradation ProducteCompound 


I was dissolved in 52.5% ethanol, buffered to an apparent pH of 2.8 with 
sodium acetate-hydrochloric acid (4), and stored in the dark a t  85’ for 
3 days after saturation with oxygen. The degradation products were ex- 
tracted with carbon tetrachloride and isolated by TLC and column 
chromatography. Silica gel and aluminum oxide were used as adsorbents, 
and the solvents were ether, petroleum ether, chloroform, acetone, and 
their mixtures. The best separation was obtained with aluminum oxide 
and ether and silica gel and chloroform, both giving five zones. When the 
degradation was carried out a t  pH 1.7, the same products were found by 
TLC as at pH 2.8. 


T o  isolate the degradation products, the carbon tetrachloride extract 
was evaporated to dryness under reduced pressure a t  room temperature 
and the residue was dissolved in ether. This solution was put onto a silica 
gel column, and the column was then eluted with ether until the colored 
products had left the column. Because one degradation product was not 
eluted with ether, the elution was continued with acetone, giving a so- 
lution that contained only one degradation product. 


The ether eluate was evaporated to dryness under reduced pressure 
a t  room temperature, and the residue was dissolved in ether-petroleum 
ether (1:3). This solution was put onto an aluminum oxide column, and 


1 10-Acetylphenothiazine was a gift from Dr. C. D. M. ten Berge, Farmaceutiach 
Laboratorium, Groningen, The Netherlands. 
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Table I-Apparent First-Order Rate Constants, kl X lo3 hr-', 
for  the Degradation of 10-Acetylphenothiazine in 52.5% Ethanol 
at 85" at Various pH Values 


Oxygen-Saturated Oxygen-Free 
PH Medium Medium 


1.9 17.9 17.7 
11.1 - 2.1 


2.4 5.5 
2.8 2.4 2.3 


- 


the products were then eluted successively with 150 ml of ether-petro- 
leum ether (1:3), 150 ml of ether-petroleum ether (l:l), and 100 ml of 
ether-acetone (1:l). The eluate was collected in eight fractions of 50 ml, 
and the fractions were analyzed by TLC as already described. 


Since none of the fractions gave spots with Rf values different from 
those of the products in the carbon tetrachloride extract, the products 
appeared to be stable in the isolation procedure. Fractions that contained 
more than one product were purified further by TLC. The isolated 
products were then identified by comparing their TLC properties and 
their UV, IR, and mass spectra with those of known compounds. 


Quantitative Analysis of I and Its Degradation Products-Phe- 
nothiazine (11), 3H-phenothiazine-3-on$ (111). and 7-(10'-phenothia- 
zinyl)-3H-phenothiazine-3-one (IV) were determined spectrophoto- 
metrically after they were separated on an aluminum oxide column as 
described previously (5) with the following modification. Since the ex- 
pected phenothiazine concentrations were much lower than in the pre- 
vious studies, the eluate containing phenothiazine was not diluted with 
ethanol but wa8 evaporated to dryness under reduced pressure. Then the 
residue was dissolved in 50 ml of ethanol, and the absorbance was mea- 
sured a t  254 nm in a l-cm cell with ethanol as a blank. 


Compound I, which eluted a t  the same time as I11 in the system used, 
was determined by measuring the absorbance a t  257 nm of the solution 
containing I and 111 after a 10-fold dilution with ethanol. The absorbance 
of this solution a t  504 nm is directly proportional to the concentration 
of 111. Therefore, by multiplying this concentration by the molar ab- 
sorptivity of 111 a t  257 nm and dividing by the dilution factor, the ab- 
sorbance a t  257 nm caused by I11 can be calculated and subtracted from 
the measured absorbance a t  this wavelength. This difference is directly 
proportional to the I concentration. 


This method is reasonably accurate when the I concentration is much 
larger than the I11 concentration, as in these studies. With higher I11 
concentrations, a different procedure would be necessary. Recovery 
studies with samples containing the various products in various con- 
centrations showed good results: 92.7 f 1.3% for I, 94 f 2% for II,91 f 
2% for 111, and 92 f 2% for IV. 


Kinetic Studies-Solutions of I were prepared by dissolving 200 mg 
in 400 ml of a mixture of ethanol and sodium acetate-hydrochloric acid 
buffers (4). The pH of these buffers was measured a t  85'. The solution 
was placed in small, screw-capped bottles, saturated with oxygen or 
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Figure 1-Plot of log k versus p H  for the degradation of 10-acetyl- 
phenothiazine in 52.5 Y; ethanol at 85' in the presence (0 )  and absence 
( X )  o f  oxygen. 
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Figure 2-Plot of the formation of phenothiazine versus time in the 
degradation of l0-acetylphenothiazine in 52.5"; ethanol, p H  1.9, at 85". 
The solid line was calculated according t o  Ey. I (oxygen saturated), and 
the dashed line uas calculated according to Eq .  2 (oxygpn free). The 
points are experimental values obtained in the presence (A) or absence 
(A) ofoxygen. 


oxygen-free nitrogen, and kept in the dark a t  85". The influence o f  pH 
on the kinetics was studied in the presence and absenre of oxygen. 


RESULTS AND DISCUSSION 


Identification of Degradation Products-In the silica gel and 
chloroform system, the R/ values of the five products were 0.05,0.12,0.19, 
0.40, and 0.73; in the aluminum oxide and ether system. the A'/ values were 
0.03,0.10,0.24,0.30, and 0.46, respectively. One product had a very low 
R/ value i n  hoth systems, so its isolation by column chromatography in 
one of these systems would require a long time and a large volume of 
solvent. Therefore, this product was separated from the other products 
by eluting them from a silica gel column with ether and then eluting this 
compound with acetone. 


The product was compared with phenothiazine-5-oxide in various TLC 
systems, and the same R/ values were obtained for both compounds. 
Furthermore, t.heir UV, IR, and mass spectra were similar, indicating that 
the product with the lowest R f  value was phenothiazine-5-oxide. Although 
phenothiazine-&oxide and 10-acetylphenothiazine-5-oxide could possibly 
have the same chromatographic properties and similar spectra, the fact 
that the parent peak in the ma pectrum was a t  mle 215, in agreement 
with the empirical formula C I ~ H ~ N O S ,  shows that this product did not 
have the acetyl group present. 


Comparison of the other products with I-IV, as described previously 
(I) ,  showed that the compound with R/ 0.12 in silica gel and chloroform 
was identical with 1V; the product with R/ 0.19 was identical with 111, the 
product with H (  0.40 was identical with I, and the one with R/ 0.70 was 
identical with 11. 


Kinetic Studies-Under all circumstances, the degradation was first 
order with respect to 10-acetylphenothiazine. Table I gives the observed 
rate constants for the degradation a t  various pH values in 52.5% ethanol 
saturated with oxygen. The plot of log k uersus pH (Fig. 1) gives a straight 
line with a slope equal to -1 ,  indicating that the degradation is a specific 
hydrogen-ion-catalyzed reaction. Solutions of I with pH 6.9, stored a t  
85" in an oxygen atmosphere, showed no significant degradation over 11 
days. 


Table I also lists the observed rate constants for the degradation under 
the same conditions but in an oxygen-free medium. The rate constants 
were essentially the same in the presence and absence of oxygen. This 
result indicates that the degradation of 10-acetylphenothiazine is a 
specific hydrogen-ion-catalyzed hydrolysis, giving phenothiazine and 
acetic acid; the phenothiazine is then oxidized. This pattern was also 
indicated by the fact that no other degradation products were found than 
those that were obtained in the oxidative degradation of phenothi- 
azine. 


If the first step in the degradation is a hydrolytic cleavage, then the 
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phenothiazine concentration should change with time in the presence 
of oxygen according to: 


where f is the phenothiazine concentration, a f o  is the initial concen- 
tration of I, k l  is the rate constant for I degradation, and k2 is the rate 
constant for phenothiazine degradation. A t  the various pH values, the 
phenothiazine concentrations were calculated using the values for kl 
given in Table I and the value of 19.7 X hr-I for k2 (1). The calcu- 
lated curves were in good agreement with the observed ones; a typical 
example is given in Fig. 2. The small differences were probably due to the 
experimental conditions being not exactly the same as in the previous 
studies. 


In the absence of oxygen, the phenothiazine concentration can be 
calculated from the equation: 


f = afo(1 - e+l() (Eq. 2) 


With the evaluated kl values, the phenothiazine concentration was cal- 
culated as a function of time. Values in good agreement with the exper- 
imental ones were obtained (Fig. 2). 


From these findings, it can be concluded that the first step in the 
degradation of I is its hydrolytic cleavage, giving 11, which is degraded 


further by oxidation. This increase in stability of the phenothiazine ring 
system is probably caused by two factors: the steric effect of the intro- 
duction of a side chain a t  the nitrogen atom (1) and the electron-with- 
drawing properties of the acetyl group, which decrease the electron 
density in the ring system. 


Interpretation of the data obtained for the formation of I11 and IV is 
difficult. Their formation proceeds via a number of consecutive reactions 
(2), their concentrations are rather small so they cannot be measured 
accurately, and they are unstable a t  the pH values used. There is, how- 
ever, no reason to assume that their formation proceeds via pathways 
different from the ones elucidated previously. 
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Abstract 0 The effect of metoclopramide on the absorption of drugs 
in solution in the small intestinal lumen of rats in situ was studied. Me- 
toclopramide in doses up to 50 mgkg sc did not significantly modify the 
disappearance of isoniazid and quinidine from the small intestinal lumen. 
At the end of the absorption experiments, quinidine in the whole blood 
of the experimental animals was increased after metoclopramide. The 
blood level did not correlate to the drug disappearance from the intestinal 
lumen. The results probably differ from those obtained when drugs are 
given orally to subjects treated with metoclopramide. 


Keyphrases o Metoclopramide-effect on absorption of other drugs, 
in situ rat small intestine preparation 0 Absorption-drugs from in situ 
rat small intestine, effect of metoclopramide administration 0 Isonia- 
zid-absorption from rat small intestinal lumen, effect of metoclopramide 
administration o Quinidine-absorption from rat small intestinal lumen, 
effect of metoclopramide administration 


Metoclopramide modifies the absorption of orally ad- 
ministered drugs (1, 2). Its effects are mainly due to 
changes in gastric emptying, resulting in an accelerated, 
but not necessarily totally increased, absorption when 
measured by urinary drug excretion (1). Decreased intes- 
tinal drug absorption, probably due to rapid GI transit, 
also was reported (3). 


EXPERIMENTAL 


To study whether metoclopramide has effects on the absorption of 
drugs already in solution in the small intestinal lumen, experiments were 
carried out in urethan-anesthetized (1-1.5 g/kg im) rats using an in situ 
absorption technique (4,5) whereby the drug disappearance from a buffer 
(pH 6.0) in the small intestinal lumen can be measured. Depending on 
the weight of the rats (200-250 g), 10-15 ml of warm (37O) buffer was 


introduced into the intestinal lumen through a polyethylene cannula in 
the proximal duodenum. 


Samples were taken from this “intestinal fluid,” expelled a t  10-min 
intervals, either through the other cannula in the distal ileum or through 
the proximal cannula in the duodenum. At the end of the 40-min exper- 
iment, whole blood was drawn by heart puncture and the whole small 
intestine was removed as a sample. 


Metoclopramide’, 50 mg/kg sc, was administered to the anesthetized 
rats 30 min before the absorption experiment; isoniozid (neutral drug) 
and quinidine sulfate (basic drug) were used as the test drugs. Smaller 
doses of metoclopramide (5-10 mg/kg) also were used. 


Isoniazid was assayed spectrophotometrically (6 ) ,  and quinidine was 
assayed fluorometrically (7). 


RESULTS AND DISCUSSION 


Figure 1 shows the disappearance of quinidine from the small intestinal 
lumen in control and metoclopramide-treated (50 mgikg) rats. A similar 
plot was made for isoniazid. The absorption half-lives of isoniazid and 
quinidine, measured from the semilogarithmic plot of drug concentration 
in the intestinal lumen (intestinal fluid) versus time, are presented in 
Table I. 


No statistically significant differences in absorption half-lives could 
be demonstrated, although the quinidine absorption half-life seemed to 
be somewhat longer after metoclopramide than in controls. However, in 
spite of an unchanged absorption half-life, the blood level of quinidine, 
but not of isoniazid, a t  the end of the 40-min experiment was statistically 
significantly increased by metoclopramide, 50 mghg (Table I). After 5-10 
mg of metoclopramide/kg, the blood quinidine level (0.62 f 0.03 Wg/ml, 
two experiments) seemed to be also higher than in controls, but blood 
isoniazid level was the same as in controls. 


With solids, a decreased intestinal motility allows more time for the 
drugs to be dissolved, tending to increase absorption and vice versa (8). 


Primperan, H.  Lundbeck & Co., Copenhagen, Denmark. 
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phenothiazine concentration should change with time in the presence 
of oxygen according to: 


where f is the phenothiazine concentration, a f o  is the initial concen- 
tration of I, k l  is the rate constant for I degradation, and k2 is the rate 
constant for phenothiazine degradation. A t  the various pH values, the 
phenothiazine concentrations were calculated using the values for kl 
given in Table I and the value of 19.7 X hr-I for k2 (1). The calcu- 
lated curves were in good agreement with the observed ones; a typical 
example is given in Fig. 2. The small differences were probably due to the 
experimental conditions being not exactly the same as in the previous 
studies. 


In the absence of oxygen, the phenothiazine concentration can be 
calculated from the equation: 


f = afo(1 - e+l() (Eq. 2) 


With the evaluated kl values, the phenothiazine concentration was cal- 
culated as a function of time. Values in good agreement with the exper- 
imental ones were obtained (Fig. 2). 


From these findings, it can be concluded that the first step in the 
degradation of I is its hydrolytic cleavage, giving 11, which is degraded 


further by oxidation. This increase in stability of the phenothiazine ring 
system is probably caused by two factors: the steric effect of the intro- 
duction of a side chain a t  the nitrogen atom (1) and the electron-with- 
drawing properties of the acetyl group, which decrease the electron 
density in the ring system. 


Interpretation of the data obtained for the formation of I11 and IV is 
difficult. Their formation proceeds via a number of consecutive reactions 
(2), their concentrations are rather small so they cannot be measured 
accurately, and they are unstable a t  the pH values used. There is, how- 
ever, no reason to assume that their formation proceeds via pathways 
different from the ones elucidated previously. 
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Abstract 0 The effect of metoclopramide on the absorption of drugs 
in solution in the small intestinal lumen of rats in situ was studied. Me- 
toclopramide in doses up to 50 mgkg sc did not significantly modify the 
disappearance of isoniazid and quinidine from the small intestinal lumen. 
At the end of the absorption experiments, quinidine in the whole blood 
of the experimental animals was increased after metoclopramide. The 
blood level did not correlate to the drug disappearance from the intestinal 
lumen. The results probably differ from those obtained when drugs are 
given orally to subjects treated with metoclopramide. 
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Metoclopramide modifies the absorption of orally ad- 
ministered drugs (1, 2). Its effects are mainly due to 
changes in gastric emptying, resulting in an accelerated, 
but not necessarily totally increased, absorption when 
measured by urinary drug excretion (1). Decreased intes- 
tinal drug absorption, probably due to rapid GI transit, 
also was reported (3). 


EXPERIMENTAL 


To study whether metoclopramide has effects on the absorption of 
drugs already in solution in the small intestinal lumen, experiments were 
carried out in urethan-anesthetized (1-1.5 g/kg im) rats using an in situ 
absorption technique (4,5) whereby the drug disappearance from a buffer 
(pH 6.0) in the small intestinal lumen can be measured. Depending on 
the weight of the rats (200-250 g), 10-15 ml of warm (37O) buffer was 


introduced into the intestinal lumen through a polyethylene cannula in 
the proximal duodenum. 


Samples were taken from this “intestinal fluid,” expelled a t  10-min 
intervals, either through the other cannula in the distal ileum or through 
the proximal cannula in the duodenum. At the end of the 40-min exper- 
iment, whole blood was drawn by heart puncture and the whole small 
intestine was removed as a sample. 


Metoclopramide’, 50 mg/kg sc, was administered to the anesthetized 
rats 30 min before the absorption experiment; isoniozid (neutral drug) 
and quinidine sulfate (basic drug) were used as the test drugs. Smaller 
doses of metoclopramide (5-10 mg/kg) also were used. 


Isoniazid was assayed spectrophotometrically (6 ) ,  and quinidine was 
assayed fluorometrically (7). 


RESULTS AND DISCUSSION 


Figure 1 shows the disappearance of quinidine from the small intestinal 
lumen in control and metoclopramide-treated (50 mgikg) rats. A similar 
plot was made for isoniazid. The absorption half-lives of isoniazid and 
quinidine, measured from the semilogarithmic plot of drug concentration 
in the intestinal lumen (intestinal fluid) versus time, are presented in 
Table I. 


No statistically significant differences in absorption half-lives could 
be demonstrated, although the quinidine absorption half-life seemed to 
be somewhat longer after metoclopramide than in controls. However, in 
spite of an unchanged absorption half-life, the blood level of quinidine, 
but not of isoniazid, a t  the end of the 40-min experiment was statistically 
significantly increased by metoclopramide, 50 mghg (Table I). After 5-10 
mg of metoclopramide/kg, the blood quinidine level (0.62 f 0.03 Wg/ml, 
two experiments) seemed to be also higher than in controls, but blood 
isoniazid level was the same as in controls. 


With solids, a decreased intestinal motility allows more time for the 
drugs to be dissolved, tending to increase absorption and vice versa (8). 
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Table I-Isoniazid and  Quinidine Absorption Half-Lives I n  Situ and  Their Levels i n  the  Whole Blood and  Intestinal Wall at the  End  of 
the Experiments. 


Drug Levels a t  40 min 
Absorption Correlation Whole Blood, Intestinal Wall, 


Drugs and Treatment Half-Life, min Coefficient 4 n l  Ccdg 
Isoniazid, 100 pg/ml 


Metoclopramide, 50 mgkg (6) 


Control (7) 


Metoclopramide, 50 mglkg (6) 
Control (8) 


Quinidine sulfate, 100 pg/ml 


17 


17 


32 
24 


0.96 3.6 f 1.1 
5.9 f 0.8 


1.8 f 0.8 
2.4 f 1.1 


2.8 f 1.1 
6.7 f 1.1 


0.7 f 0.7 0.98 
3.9 f 0.4 


0.91 0.63 f 0.05* 19.0 f 2.8 
0.84 0.26 f 0.02 20.4 f 2.1 


a Means f SE. Number of experiments is in parentheses. Isoniazid in the whole blood and intestinal wall refers to unacetylated isoniazid divided by total isoniazid 
hydrazides. b p < 0.001. 


40  - 


10 20 30 40 
MINUTES 


Figure 1-Disappearance of quinidrne sulfate from the rat small in- 
testine in situ in control rats (n = 8) and rats treated with metoclo- 
pramide (n = 6). 50 mglkg sc, 30 min beJore the start of the absorption 
ezperiment (means f SE). 


In humans, metoclopramide reduces the transit time of fluid in the in- 
testinal lumen and may induce an increased water and electrolyte se- 
cretion into the intestinal lumen (91, an effect that might be expected to 
decrease drug absorption. The reduced transit time of fluid both in hu- 
mans and in animals seems to be associated with a reduction in the di- 
ameter of the small intestinal lumen (1). In spite of a relatively large dose 


(50 mg/kg) of metoclopramide, it did not clearly affect absorption half- 
lives in the present experiments. This result is understandable since the 
drugs were in solution in the intestinal lumen and in a better absorbable 
state than solid drugs. 


The increased blood quinidine concentration a t  the end of the exper- 
iment did not correlate with the slightly decreased or unchanged drug 
disappearance from the intestinal lumen. Because the drugs in blood were 
measured only a t  the end of the experiments, these concentrations cannot 
be regarded as important indexes of drug absorption. The reason for the 
increased blood quinidine level cannot be found with this experimental 
setup. The present results indicate that, a t  least with metoclopramide, 
the in situ rat small intestine is not the best technique of studying its 
effect on drug absorption; the results do not seem to reflect the eventual 
absorption changes when drugs are administered orally. 
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Abstract 0 New morphine metabolites in the urine of guinea pigs, rats, 
rabbits, cats, monkeys, and humans were isolated with column chroma- 
tography, solvent extraction, and TLC and identified with TLC, GLC, 
and GLC-mass spectrometry. In addition to the known morphine me- 
tabolites, morphine N-oxide was isolated from the urine of guinea pigs, 
and a- and 8-dihydromorphines were isolated or detected in the urine 
of guinea pigs, rats, and rabbits. Monohydroxymorphine was identified 
tentatively in the urine of guinea pigs, rats, rabbits, and cats. Dihy- 
droxymorphine was identified tentatively in the urine of guinea pigs, rats, 
and, possibly, rabbits. Finally, 8- or y-isomorphine was identified ten- 
tatively in the urine of guinea pigs. The newly described morphine me- 
tabolites may be involved in some long lasting pharmacological effects 
of morphine. 


Keyphrases 0 Morphine-metabolites isolated and identified in various 
mammalian species Metabolites-of morphine, isolated and identified 
in various mammalian species Narcotic analgesics-morphine, me- 
tabolites isolated and identified in various mammalian species 


Studies in various laboratory animals and in humans 
have shown that morphine is metabolized by the following 
pathways: ( a )  conjugation to give morphine 3-glucuronide, 
morphine 6-glucuronide, morphine 3,6-diglucuronide, and 
morphine 3-ethereal sulfate (1-9); ( b )  N-demethylation 
to yield normorphine, which is conjugated to yield nor- 
morphine 3-glucuronide and normorphine 6-glucuronide 
(6,lO-18); and (c) oxidation to form dihydromorphinone 
(6,19). 


Recently, a minor metabolite, tentatively identified as 
morphine-2,3-quinone, was reported in the urine of rats 
administered morphine and after incubation of morphine 
with rat brain homogenates (20). Also, 2-methoxymor- 
phine was observed in rabbit liver homogenate incubated 
with morphine and [ 14C-rnethyf]-S-adenosylmethionine 
(21). The formation of 2-methoxymorphine may have oc- 
curred through hydroxylation of morphine to form a cat- 


echol-like compound, which was further methylated. Al- 
though 0-methylation of morphine to codeine was re- 
ported (22,23), this metabolic pathway was not confirmed 
(24,25). 


The present paper reports the isolation and identifica- 
tion of free and conjugated morphine N-oxide, free and 
conjugated a- and P-dihydromorphines', and, tentatively, 
@ly-isomorphinel, monohydroxymorphine, and dihy- 
droxymorphine. 


EXPERIMENTAL 


Drugs-Morphine sulfate, dihydromorphinone hydrochloride, and 
normorphine hydrochloride were obtained commercially. n-Isomorphine, 
a-dihydromorphine, and 8-dihydromorphine were synthesized as de- 
scribed previously (26). Morphine N-oxide was synthesized according 
to the procedure of Freund and Speyer (27). ['4C-N-Methyl]morphine, 
synthesized according to the procedure of Anderson and Woods (28). had 
a specific activity of 4 FCilmg. The purity of the labeled drug was de- 
termined with instant TLC impregnated with silica gel2. 


Morphine 3-glucuronide, morphine 6-glucuronide, morphine 3-ethereal 
sulfate. and normorphine 6-glucuronide were isolated from the urine of 
humans, dogs, and cats administered morphine (3 ,6 ,9 ) .  Normorphine 
3-glucuronide was isolated from the urine of dogs administered nor- 
morphine (18). Dihydromorphinone 3-glucuronide and dihydromorphine 
3-glucuronide were isolated from the urine of animals administered 
dihydromorphinone and dihydromorphine, respectively?. The charac- 
teristics of dihydromorphinone 3-glucuronide and dihydromorphine 
3-glucuronide were identical with those reported previously (29). 


Animal Experiments-Short-Term Morphine Administration- 


' The alcoholic hydroxyl groups of 01-  and 8-dihydromorphines are at the C-6 
position but with different configurations. The hydroxyl groups of morphine and 
n-isornorphine are at the C-6 position with different configurations, and the double 
bond is at the C-7-8 position; the hydroxyl groups of 8- and y-isomorphines are at 
the C-8 pnsition with different configurations, and the douhle bond is at the C-6-7 
position. 


2 Gelman Instrument Co., Ann Arbor, Mich. 
3 IJnpuhlished data. 
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Morphine sulfate solution was administered as follows: ( a )  20 mg/kg sc 
to two male and two female dogs (8-15 kg), ( b )  10 mg/kg ip to two male 
and two female cats (2-4 kg) daily for 3 days, (c) 25 mg/kg ip to two New 
Zealand female and two male rabbits (1.2-3.6 kg) daily for 3 days, ( d )  
doses increasing from 12.5 to 50 mg/kg ip to four albino Wistar male rats 
(300-100 g) twice a day for 4 days, and ( e )  25 mg/kg ip to five male guinea 
pigs (0.7-1.0 kg) daily for 28 days. On Days 0,7,14,21, and 28, the same 
dose of ['4C-N-methyl]morphine (1 pCi/kg) was substituted for the 
regular dose of morphine and administered to the guinea pigs by the same 
route. 


After drug administration, animals were individually housed in 
stainless steel metabolic cages. Urine was collected daily during the entire 
drug administration period and for 24 hr following the last dose and 
frozen until drug analysis. Food and water were given ad libitum. 


Long-Term Morphine Administration-Urine samples were collected 
from animals and humans chronically administered morphine as follows: 
(a )  three male and three female rhesus monkeys4 (Macaca rnulata) ad- 
ministered morphine sulfate, 4 mg/kg sc three times a day for a t  least 1 
month; ( b )  two male and two female beagle dogs chronically infused with 
morphine sulfate for several months in doses up to 500-1000 mg ivlday; 
and ( c )  four healthy, male, former narcotic addict volunteers stabilized 
on morphine sulfate, 60 mg sc four times a day for 4 weeks (16). 


After drug administration, animals were individually housed in 
stainless steel metabolic cages. Urine was collected for 24-hr periods and 
frozen until drug analysis. Food and water were given ad libitum. Urine 
from the human subjects was collected for 24-hr periods by the volunteers 
and refrigerated until analysis. 


Extraction of Morphine and Its Metabolites-Samples with and 
without hydrolysis were adjusted to pH -10, buffered with 2 ml of 40% 
K2HP04, salted, and extracted with 15 ml of 1,2-dichloroethane (glass 
distilled) containing 30% 2-propanol according to the procedure described 
by Yeh (16). For determination of morphine N-oxide, samples were ex- 
tracted twice with 10 ml of I ,2-dichloroethane containing 50% 2-propanol 
(30). After evaporation of the extracts to dryness, the residues were used 
for TLC, GLC, and GLC-mass spectral identification. The extracts were 
derivatiaed with N-trimethylsilylimidazole in pyridine5 in a sealed tube 
at  90' for 1 hr (16) for GLC and GLC-mass spectral identification. 


Hydrolysis of Conjugated Metabolites-Acid hydrolysis and en- 
zymatic hydrolysis of the urine and the isolated metabolites were per- 
formed as described previously (16). 


Glucuronide and Free Phenol Tests-The glucuronide test was 
performed according to the procedure of Dische (31). Free phenol was 
determined by a modified procedure of Volterra (32) with the reagents 
of Fohn and Ciocalteu. (One-tenth of the stated volume of samples and 
reagents was used.) 


TLC-TLC fiber sheets impregnated with silica gel or glass plates 
precoated with silica gel and an absorbent area6 were used. The chro- 
matograms were developed either with 1 -butanol-acetic acid-water 
(35:3:10) (Solvent A)  or ethyl acetate-methanol-ammonium hydroxide 
( I  7:Zl) (Solvent B) and visualized after spraying with iodoplatinate. 


In experiments with radioisotopes, TLC sheets were scanned for ra- 
dioactive spots by cutting the chromatogram into 1-cm strips. These 
strips were then placed in counting vials, moistened with 0.5 ml of 
methanol-water ( l : l ) ,  and evaluated in a liquid scintillation spectrom- 
eter7 after addition of 10 ml of Bray's solution8. 


GLC-A gas chromatographg was equipped with a 0.9-m X 2-mm glass 
column packed with 3% OV-17 coated on 60-80-mesh Gas Chrom Q. The 
temperatures of the injector, column, and detector were 255,220, and 
295'. respectively; gas flow rates were 30 ml/min for nitrogen and hy- 
drogen and 300-400 ml/min for dried compressed air. 


CLC-Mass Spectrometry-Chemical-ionization mass spectral data 
were obtained on a gas chromatograph-mass spectrometer*0 equipped 
with an interactive data system" and a 0.9-m X 2-mm glass column 
packed with 3% OV-17 coated on 60-80-mesh Gas Chrom Q. The tem- 
peratures of the injector, column, and ion source were 230,210, and looo, 
respectively. The gas chromatograph was coupled to the mass spec- 


2 1600- 
1400- 
1200- 


n. 1000- 
800. z 


-J 600- 
8 400. 


' Courtesy of Dr. I.. S. Harris, Department of Pharmacology, Medical College 


5 Tri-Sil-Z, Pierce Chemical Co., Rockford, Il l .  
6 Quantum Industries, Fairfield, N.J. ' Mark Ill ,  model 6880, Searle Analytic lnc., Des Plaines, 111. 
*Corn osed of naphthalene, 60 g; 2,5-diphenyloxazole, 4 g; 1,4-bis]2-(5-phen- 


yloxazolyfi]l)enzene, 200 mg; methanol, 100 ml; ethylene glycol, 20 m , and p dl- 
oxane, 9,s. to 1 liter. 


of Virginia, Richmond, Va. 


Model 2700, Varian Aerograph, Walnut Creek, Calif. 
Model 3300, Finnigan, Sunnyvale, Calif. 


I 1  Model 6000, Finnigan, Sunnyvale, Calif. 


2oooj 


2 18001 6000 
5000 40001 


3000 
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Figure 1 -Radiochromatograms of the organic phase fright panel) 
showing three spots with RfO.l.O.4 (as Fraction A), and 0.85 and of the 
aqueous phase fleft panel) showing three spots with RfO.35 fas Fraction 
M), 0.6 (as Fraction N), and 0.85 (as Fraction 0). 


trometer by a 0.31-cm glass-lined stainless steel tube and venting 
valve. 


Methane, with a flow rate giving an ion chamber pressure of about 1000 
pm, was used as the carrier gas as well as the chemical-ionization reagent 
gas in the ion source. The electron energy was 80 ev, and the ion repeller 
voltage was 3 v. Aliquots of 3-5 pl of the silylated sample were injected. 
After injection, the venting valve was opened for the first 30 sec, allowing 
excess derivatizing reagent and solvent to escape without entering the 
ionization chamber. 


The obvious GIX peaks were analyzed by examining the mass frag- 
ment pattern. In addition, the whole chromatogram was scanned for 
predicted possible morphine metabolite ions (as silyl derivatives) such 
as normorphine (m/e  416), dihydromorphine (mle 432), monohydroxy- 
morphine ( n l e  518), dihydroxymorphine (mle 606 and 534) (if one of 
the four hydroxyl groups was not silanized), codeine (mle  3721, norco- 
deine ( n l e  358). morphine-2,3-quinone (mle 372). 2-methoxymorphine, 
and hydroxycodeine (m/e  460). 


Isolation of Morphine Metabolites in Urine-The 24-hr urine was 
pooled for animals of the same species receiving the same drug dose. Each 
100 ml of the pooled urine was centrifuged to remove the insoluble sub- 
stances and passed with a flow rate of 2-4 ml/min through a resinI2 col- 
umn (2.1 X 40 cm) previously washed with methanol and water. The 
column was washed with 150 ml of distilled water and eluted with 300 
ml of methanol containing 2.5% NH40H. The effluent was collected in 
20-ml tubes. 


In experiments with labeled morphine, radioactivity in the urine and 
the effluent was monitored by counting a 0.5-ml aliquot of each tube with 
1 0  ml of scintillation solution in a liquid scintillation spectrometer. In 
experiments with nonlaheled drug, morphine and its metabolites in the 
effluent were monitored with TIX. The methanol eluate, which contained 
radioactivity or iodoplatinate positive spots, was recombined and evap- 
orated to a syrupy residue with a rotary evaporator under reduced pres- 
sure in a water bath at -50'. (All evaporations were done in this way.) 
The residue was suspended in 5 ml of 5% NH40H solution and extracted 
three times with 1 ,2-dichloroethane containing 30% 2-propanol to yield 
organic and aqueous phases. Several batches of urine were thus processed, 
and the organic and aqueous phases were pooled for subsequent purifi- 
cation. 


The organic phase was evaporated to dryness, and the residue was 
dissolved in methanol. An aliquot of the methanol solution was chro- 
matographed on instant TLC sheets impregnated with silica gel. The 
chromatogram was developed with Solvent B and showed three iodo- 
platinate positive and radioactive spots, Ri 0.0, 0.4, and 0.9 (Fig. 1). A 
large volume of the methanol solution was chromatographed on large 
instant TLC sheets impregnated with silica gel (20 X 20 cm). The whole 
chromatogram was horizontally cut into three sections according to the 
zones corresponding to Rf 0.0-0.3,0.3-0.6, and 0.6-1.0. 


The substances located in the zone corresponding to 0.0-0.3 were eluted 
with water; in the zones of 0.3-0.6 and O.Gl.0, the substances were eluted 
with methanol. The eluate obtained from the Rf 0.3-0.6 region was 
marked as Fraction A. The eluate obtained from the R/ 0.0-0.3 region 
was rechromatographed on instant TLC sheets impregnated with silica 
gel and developed with Solvent A. The chromatogram showed two spots, 
R, 0.35 and 0.85, which were eluted with aqueous methanol and methanol, 


12 Amberlite. XAD-2 resin, a atyrene-divinylbenzene copolymer, Rohm 81 Haas 
Chemical Co.. Philadelphia, Pa. 
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Table I-TLC, GLC, and  Chemical-Ionization GLC-Mass Spectral  Characterist ics of Authentic Standards of Potential  Morphine 
Metabolites 


Authentic Standard 


Instant As Trimethylsilyl Derivative 
TLC Rf TLC R/,  G~UCU-  GLC-Mass 


Solvent Solvent Solvent Phenol ronide GLC RT, Spectrometry, mle 
A B B Test Test min XM - 15)' (M + 1)+ (M + 29)* 


Morphine 
a-Isomorphine 
Morphine N-oxide 
Normorphine 
Dihydromorphinone 
a-Dihydromorphine 
&Dih dromorphine 
Morpgine 3-glucuronide 
Morphine 6-glucuronide 
Morphine 3,6-diglucuronide 
Morphine 3-ethereal sulfate 
Dihydromorphinone 3-glucuronide 
Dihydromorphine 3-glucuronide 
Normorphine 3-glucuronide 
Normorphine 6-glucuronide 
8- and/or y-lsomorphine" 
Monohydroxymorphine" 
Dihvdroxvmornhine" 


0.85 0.9 
0.85 0.9 
0.8 0.4 
0.7 0.8 
0.9 0.9 
0.8 0.9 
0.8 0.9 
0.35 0 
0.5 0 
0 0 
0.6 0.4 
0.4 0 
0.3 0 
0.3 0 
0.6 0 


0.4 
0.4 
0 
0.2 
0.4 
0.3 
0.3 
0 
0 
0 
0 
0 
0 
0 
0 


5.6 414 
4.1 414 
5.6 414 
6.8 400 
5.6 414 
3.4 416 
3.9 416 


5.6 414 


414 
502 
590 


430 458 
430 458 
430 458 
416 444 
430 458 
432 460 
432 460 


430 458 


430 458 
518 546 
606 634 


~~ 


0 The chemistry and mass spectral data for these compounds are proposed in the absence of authentic standards. 


respectively, to yield Fractions B and C. The eluate obtained from the 
Rf 0.61.0 region was rechromatographed on TLC plates, and the chro- 
matogram was developed with Solvent B. The regions corresponding to 
Rf 0.1-0.3,0.3-0.5, and 0.5-1.0 were eluted separately with methanol to 
yield Fractions D, E, and F, respectively. 


An aliquot of the aqueous phase was chromatographed on an instant 
TLC plate impregnated with silica gel. The chromatogram was developed 
with Solvent A and showed three spots, Rf  0.35, 0.6, and 0.85, corre- 
sponding to morphine 3-glucuronide, morphine 6-glucuronide, and free 
base drugs (morphine, dihydromorphine, and gly-isomorphine), re- 
spectively (Fig. 1). The aqueous phase, after solvent extraction, was 
evaporated to a syrupy residue. The residue was triturated with methanol 
to yield methanol-soluble and methanol-insoluble fractions. The meth- 
anol-insoluble fraction was marked as Fraction G. This process was re- 
peated several times to obtain the maximum yield of methanol-insoluble 
metabolites. 


The methanol-soluble fraction was purified by adsorption on 10 g of 
neutral alumina and added onto a 50-g neutral alumina column (2.5 X 
15 cm). The column was eluted with 100 ml of methanol and then with 
100 ml each of methanol-water in ratios of 7525,50:50, and 2575. Finally, 
it was eluted with 500 ml of water, and the effluent was collected in 20-ml 
tubes. Each tube was monitored for radioactivity in radioisotope exper- 
iments (by liquid scintillation spectrometry) or by iodoplatinate positive 
spots in nonradioactive experiments (shown by TLC). Iodoplatinate 
positive substances or radioactivity appeared in tubes 8-11 and 24-44. 
The eluates in these tubes were pooled separately and concentrated. The 
eluates from tubes b l l  were purified further on TLC plates developed 
with Solvent B, as already described, to yield Fractions H-K. 


The eluates from tubes 24-44 were evaporated to dryness, and the 
residue was triturated with methanol to yield methanol-soluble and 
methanol-insoluble metabolites. The methanol-insoluble metabolites 
were combined with Fraction G for identification. The methanol-soluble 
fraction was streaked on large instant TLC sheets, impregnated with silica 
gel, and developed with Solvent A. The chromatogram showed four spots. 
The regions corresponded to Rf 0.0-0.1,0.2-0.5,0.5-0.7, and 0.7-1.0 and 
were eluted with water-methanol to yield Fractions L, M, N, and 0, re- 
spectively. 


RESULTS 


Identification of Morphine Metabolites in Urine of Guinea 
Pigs-Approximately 60-7W of the radioactivity present in the urine 
was recovered in the methanol eluate; 6-1096 was recovered in the ef- 
fluent, including the water washing. The results of glucuronide and free 
phenol tests and TLC, GLC, and GLC-mass spectral characteristics of 
authentic standards and of each fraction are presented in Tables I and 
11. 


Identification of Morphine N-Oxide-The metabolite isolated in 
Fraction A was positive in the free phenol test and negative in the glu- 
curonide test and showed the same TLC (Fig. I), GLC, and GLC-mass 
spectral characteristics as authentic morphine N-oxide. The UV spec- 


trum of this metabolite in alkaline solution showed a bathochromic shift. 
Furthermore, the metabolite was reduced with sodium bisulfite or ti- 
tanous chloride to yield morphine (identified by TLC). Based on this 
evidence, the metabolite was identified as morphine N-oxide. 


For quantitative estimation of morphine N-oxide, the chromatogram 
was cut into 1-cm strips, and the radioactivity of each strip was measured 
with liquid scintillation spectrometry after addition of 10 ml of scintil- 
lation solution. The amount of morphine N-oxide was 2% of the amount 
of free morphine. 


Identification of Free a- and B-Dihydromorphines and /3- or y-Iso- 
morphine-The metabolite isolated in Fraction D was positive in the 
phenol test. The gas chromatogram showed four peaks (Fig. 2), three of 
which (peaks 2-4) corresponded in retention times to a- and 8-dihy- 
dromorphines and morphine, respectively. The mass spectra of peaks 
2 (spectrum No. 58) and 3 (No. 65) showed mass ions of 342,416,432, and 
460, characteristic of dihydromorphine (Fig. 3); peak 4 (No. 96) showed 
mass ions 340,414,430, and 458, characteristic of morphine. 


The mass ion of 518, corresponding to the m + 1 ion of monohydrox- 
ymorphine, was also seen in the spectrum of peak 4. This compound 
would be expected to yield a fragment ion of 428 after elimination of one 
molecule of (CH3)sSiOH. A small 428 fragment ion was seen in the 
spectrum of peak 4; however, it could be an isotope mass of the 430 
fragment. This peak may be a mixture of morphine and monohydroxy- 
morphine. It is also possible that the morphine may have been a de- 
composition product of monohydroxymorphine. 


The spectrum of peak 1 (No. 48) showed mass ions of 340,414,430, and 


1 2  3 4  5 6  7 
MINUTES 


1 2 3 4 5 6  
MINUTES 


Figure $-Chromatogram of morphine metabolites isolated in Fraction 
D (left) and authentic samples of (Y- and 0-dihydromorphines and 
morphine (right). 
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Table 11-TLC, GLC, and Chemical-Ionization GLC-Mass Spectral  Characterist ics of Morphine Metabolites Isolated from the Urine 
of Guinea Pig 


Instant T I C  As Trimethylsilyl Derivative 
TLC Rf Rf Glucu- GLC-Mass 


Isolated Solvent Solvent Solvent Phenol ronide GLC RT, Spectrometry, m/e 
Samde  A B B Test Test min (M - 15)+ ( M +  1 P  (M+29)+  Identified as 


Fraction A 
Fraction H 
Hydrolyzed 


Fraction C 
Fraction D 


H 


Fraction E 
Fraction F 
Fraction G 
Hydrolyzed 


G 


Fraction H 
Fraction 1 


Fraction J 
Fraction K 
Fraction L 
Hydrolyzed 


Fraction M 
Hydrolyzed 


I, 


M 


Fraction N 
Hydrolyzed 


N 


Fraction 0 


0.85 
0.35 
0.85 


0.85 
0.8 


0.85 


0.35 
0.85 


0.85 
0.85 


0.85 
0.85 
0 
0.85 


0.35 
0.85 


0.6 
0.85 


0.85 


0.4 
0 
0.9 


0.9 
0.8 


0.9 
0.6- 1 
0 
0.9 


0.4 
0.7 
0.4 
0.6-1 


0.5-1 
0.6-1 
0 
0.9 


0 
0.9 
0.7 
0.4 
0.7 


0 
0.9 
0.7 


0.9 


0.03 
0 
0.4 


0.4 
0.2 


0.4 


0 
0.4 


0.2 


0.4 


0 
0.4 


0 
0.4 


0 
0.4 


0.4 


+ 
+ 
+ + 


- 


+ + 
+ 
- 


+ + 
+ + 
+ 
- 


- 
+ 


+ + 


+ 


5.6 


5.6 


5.6 
3.0 
3.4 
3.9 
5.6 


5.6 
7.1 


3.0 
3.4 
3.9 
5.6 
6.8 
4.5 
3.4 
5.6 


5.6 
7.1 


5.6 


3.0 
3.4 
3.9 
5.6 
6.8 


3.0 
3.4 
3.9 
5.6 
5.6 


414 


414 


414 
414 
416 
416 
414 


414 


414 
416 
416 
414 
400 


4 16 
414 


414 


414 


414 
416 
416 
414 
400 


414 
416 
416 
414 
414 


430 


430 


430 
430 
432 
432 
430 
518 
432 


430 
432 
432 
430 
416 


432 
430 
518 
430 


430 


430 
432 
432 
430 
416 


430 
432 
432 
430 
430 


458 


458 


458 
458 
460 
460 
458 


458 


458 
460 
460 
458 
444 


458 


458 
460 
460 
458 
444 


460 


458 
458 


Morphine N-oxide 
Morphine 3-glucuronide 


Morphine 
b- ly -1somorphine 
a-Dihydromorphine 
0-Dihydromorphine 
Morphine 
Monohydroxymorphine 
Morphine 


3-Glucuronides of 
8-ly-Isomorphine 
a-Dihydromorphine 
8-Di hydromorphine 
Morphine, morphine N-oxide 
Normorphine 


a-Dihydromorphine 
Morphine 
Monohydroxymorphine 
Morphine 


Morphine 3,6-digIucuronide 


3-Glucuronides of: 
@-/y -1somorphine 
a-Dihydromorphine 
fi-Dihydromorphine 
Morphine, morphine N-oxide 
Normorphine 
6-Glucuronides of 
0-ly-Isomorphine 
a-Dihydromorphine 
0-Dihydromorphine 
Morphine 
Morphine 


458, characteristic of morphine. Since the retention time of peak 1 (No. 
48) differed from that of morphine and u-isomorphine, it was tentatively 
identified as 8- or y-isomorphine. Authentic standards of monohydrox- 
ymorphine, 8-isomorphine, and y-isomorphine were not available for 
comparison. 


Identification of C-3 Glucuronides of Morphine N-Oxide, Morphine, 
0- and 0-Dihydromorphines, 0- or y-lsomorphine, and Normor- 
phine-The metaholites isolated in Fractions G and M appeared iden- 
tical and were positive in the glucuronide test and negative in the phenol 
test. After acid or enzymatic hydrolysis with @-glucuronidase, they were 
positive in the phenol test. After acid hydrolysis, solvent extraction, and 
chromatography of Fraction M, the chromatogram on instant TLC sheets, 
impregnated with silica gel and developed with Solvent R, showed three 
spots, corresponding to morphine N-oxide (0.4); normorphine (0.8); and 
morphine, d/y-isomorphine, and dihydromorphine (0.9). The gas chro- 
matogram showed peaks with retention times and mass spectra consistent 
with N -  and 8-dihydromorphines, morphine, normorphine, and 8- or 
7-isomorphine. These results indicate that morphine was biotransformed 
to morphine N-oxide, u- and 0-dihydromorphines, normorphine, and, 
possibly, P- or y-isomorphine, which were conjugated as glucuronides 
at  the C-3 position. 


Identification of C-6 Glucuronides of Morphine and u-Dihydromor- 
phine-The metabolite isolated in Fraction N was positive in the phenol 
and glucuronide tests, and its R, value corresponded to morphine 6- 
glucuronide. After acid hydrolysis or enzymatic hydrolysis with @-glu- 
curonidase, solvent extraction, and chromatography, the chromatogram 
on instant TLC sheets, impregnated with silica gel and developed with 
Solvent H, showed one spot, Rf 0.9 (morphine and dihydromorphine). 
The gas chromatogram showed two peaks with retention times and mass 
spectra corresponding to n-dihydrommphine and morphine. These re- 
sults indicate that morphine was biotransformed to cu-dihydromorphine 
6-glucrironide and morphine 6-glucuronide. 


Identification of Morphine 3.6-niglucuronide-The metabolites 


isolated in Fraction I, were positive in the glucuronide test and negative 
in the phenol test, and the Rf value was the same as morphine 3.6-di- 
glucuronide previously isolated from human urine (6). The fraction was 
rechromatographed on instant TLC sheets impregnated with silica gel 
and developed with Solvent A; the chromatogram showed spots corre- 
sponding to morphine 3-glucuronide and morphine. This result may have 
been due to the  instability of morphine 3,6-diglucuronide. A GI,C peak 
was not observed in the fraction prior to hydrolysis. After hydrolysis, a 
GLC peak with retention time and mass spectra corresponding to mor- 
phine was observed. 


Tentative Identification of Monohydroxy- and Dihydroxymor- 
phines-A mass ion, m/e 518, consistent with the m + 1 ion of monohy- 
droxymorphine was observed in the mass spectrum of the metabolite 
isolated in Fractions D (Fig. 3) and I (not shown) and the extract of 
acid-hydrolyzed urine. In addition to this ion, an ion consistent with the 
mass m + 1 ion of dihydroxymorphine, m/e 606, was observed in the ex- 
tract of acid-hydrolyzed urine (Fig. 4). Masses of 518 and 606 appeared 
in the spectrum of the same peak. Monohydroxymorphine may be a de- 
composition product of dihydroxymorphine. 


Identification of Morphine Metabolites i n  Urine of Rabbits-- 
Morphine 3-glucuronide, morphine 6-glucuronide, free and conjugated 
normorphines, conjugated (Y- and 0-dihydromorphines, dihydromor- 
phinone, and morphine 3,6-diglucuronide were isolated and identified 
as morphine metabolites in the urine of rabbits administered morphine. 
Monohydroxymorphine was tentatively identified (Fig. 5). 


Identification of Morphine Metabolites i n  Urine of Rats-Mor- 
phine 3-glucuronide, morphine 6-glucuronide, normorphine, dihydro- 
morphinone, and ru-dihydromorphine were identified as morphine me- 
tabolites in rats (Fig. 6). In addition tQ the ion of monohydroxymorphine, 
m/e 518, an ion consistent with the m + 1 ion of dihydroxymorphine, m/e 
606, was observed. A mass of m h  534 also was observed, which could have 
been due to silanization of only three of the four hydroxyl groups of 
dihydroxymorphine. 
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Figure 3-Integrated total ion current and mass spectra of morphine 
metabolites isolated i n  Fraction D. Key: No. 48, 0- or y-isomorphine 
(tentative); No. 58, a-dihydromorphine; No. 65, @-dihydromorphine; 
and No. 96, monohydroxymorphine (tentative). 


Identification of Morphine Metabolites in Urine of Monkeys- 
Morphine 3-glucuronide, morphine 6-glucuronide, normorphine, and 
dihydromorphinone were identified as morphine metabolites in the urine 
of morphine-dependent monkeys. 


Identification of Morphine Metabolites in Urine of Cats-Mor- 
phine %ethereal sulfate (a major metabolite), morphine 3-glucuronide, 
and normorphine were identified as morphine metabolites in the urine 
of cats (9). Monohydroxymorphine was tentatively identified (Fig. 7). 


Identification of Morphine Metabolites in Urine of Dogs-The 
isolation and identification of morphine metabolites in the urine of dogs 
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Figure 4-Integrated total ion current chromatogram and mass spectra 
of acid-hydrolyzed urine of guinea pigs. Key: No. 69, n-dihydromor- 
phine; No. 77, 0-dihydromorphine; No. 86, dihydroxymorphine (ten- 
tatiue); and No. 110, morphine. 
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Figure 5-Integrated total ion current chromatogram and mass spectra 
ofthe extract of acid-hydrolyzed urine of rabbits. Key: No. 76, n-dihy- 
dromorphine; No. 83, 6-dihydromorphine; No. 92, monohydroxymor- 
phine (tentative); and No. 120, morphine (not shown). 


were reported previously (4). In the present study, the extract of acid- 
hydrolyzed urine was derivatized and screened with GLC and GLC-mass 
spectrometry for the possible metabolites dihydromorphinone, dihy- 
dromorphine, monohydroxymorphine, and dihydroxymorphine. No 
evidence of these compounds was found. 


Identification of Morphine Metabolites in Urine of Morphine- 
Dependent Humans-The details of a systematic isolation and iden- 
tification of morphine metabolites in the urine of morphine-dependent 
subjects were reported previously (6). In the present study, the extract 
of acid-hydrolyzed urine was derivatized and screened for other possible 
metabolites. No evidence indicated the presence of dihydromorphine, 
monohydroxymorphine, dihydroxymorphine, and 0- or y-isomorphine. 
However, the urine was refrigerated for 3-4 years prior to analysis. 
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Figure 6-Integrated total ion current chromatogram and mass spectra 
of the extract of acid-hydrolyzed urine ofrats. Key: No. 58, cu-dihydro- 
morphine; No. 68, monohydroxymorphine (tentative); No. 78, dihy- 
droxymorphine (tentatioe); No. ZOO, morphine (not shown); No. 125, 
normorphine (not shown); and No. 137, dihydroxymorphine (assuming 
only three hydroxyl groups were silanized) (tentatioe). 
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Scheme I-Compounds illustrated in parentheses are postulated intermediates 


DISCUSSION 


Although direct evidence is lacking for some steps, it seems reasonable 
to suggest, based on the metabolism o f  other compounds, the pathway 
for the metaholism of morphine ( I )  shown in Scheme I. Morphine N-oxide 
(11). (u-dihydromorphine (111). and 8-dihydromorphine (IV),  in addition 
to normorphine (V) and dihydromorphinone (VI) ,  were isolated or de- 
tected in the urine. In addition, 1 -hydroxymorphine (VII), 2-hydroxy- 
morphine (VIII), 8-hydroxymorphine (1x1, dihydroxymorphines, and 
/j- or 7-isomorphine ( X )  were identified tentatively. 


Biotransformation of Morphine to Morphine N-Oxide and 
Normorphine-N-Oxide formation, a product of oxidation of a tertiary 
amine catalyaed by amine oxidase, appears to be a minor metabolic 
pathway of narcotics. N-Oxides of narcotics have been isolated in uitro 
(9341). The isolation and identification of'morphine N-oxide in the urine 
of' guinea pigs, therefore, was no surprise. However, it was not isolated 
and identified in the urine of the other species. Morphine N-oxide also 
might have formed in the body of other species but been reduced in the 
hody or in the urine. fndeed, reduction of morphine N-oxide to morphine 
i n  rats (30) and ofpropoxyphene N-oxide to propoxyphene in dogs (42) 
was reported. Furthermore, morphine N-oxide may have been present 
in the urine of'the other species at  concentrations helow the detectable 
limits of the methods used. 


The amine oxidasc is present in the liver of pigs, rats, and humans 
(X-35) and differs from N-demethylase. I t  has a pH optimum at 8.4 and 
catalyaes oxidation OF tertiary amines to their N-oxides and secondary 
amines to hydroxyamines. The N-demethylase has a pH optimum a t  7.4 
and catalyzes oxidation of the N-methyl group to form an alcohol and 
then an aldehyde. The end-product of N-demethylation of morphine is 
normorphine. The factors affecting N-demethylase of morphine were 
discussed previously (16). 


Riotransformation of Morphine to Dihydromorphinone and 
Dihydromorphine-The reduction of the 7,8-double bond of morphine 
appears similar to reactions occurring in steroid metabolism in the !or- 
mation of' S w  and 51j-hydroxy metabolites of' testosterone, progesterone, 


and corticoids (43-45). These enzymes do not appear to be substrate 
specific. 3'-3-Keto steroids are readily reduced both in uiuo (48) and in 
uitro (44,45). Morphine would likely undergo a similar reaction. 


Oxidoreductases (dehydrogenases) that  reversibly oxidize secondary 
alcohols to ketones have been evaluated in the study of steroid hormone 
metabolism. These enzymes can utilize both di- and tripyridine nucleo- 
tides as cofactors and do not appear to he substrate specific. Biotrans- 
formation of morphine to dihydromorphinone was reported in several 
species (17, 19). Biotransformation of dihydrornorphinone to dihydro- 
morphine was observed in rabbits (29). The reduction of naloxone and 
naltrexone in uitro and in uiuo to (r-  and /J-naloxols and a- and B-nal- 
trexols, respectively, also was reported (46-53). 


Biotransformation of Morphine to  Monohydroxy- and Dihy- 
droxymorphines-Ions with a mass m / e  518 and 606 equal to the mass 
of monohydroxymorphine and dihydroxymorphine (as silyl derivatives) 


NO. 61 


. -  


SPECTRUM NUMBER m /e 


Figure 7-Integrated total ion current chromatogram and mass spec- 
trum of the extract of acid hydrolyzrd urirw of rats. Key: No. 61. mo- 
nohydroxymorphine (tentatiurj: No. 88, morphine (not shownj; and No. 
100, normorphine fnot shown). 
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Table 111-Morphine Metabolites Identified in the Urine of Several  Mammalian Species 
Morphine Metabolites" 


SDecies XI1 V XI11 XIV XV VI* III/IV Xc I1 VIINIII/IX m/e 534f mle 506c 


Humand t t t  
Guinea pig + t t  
Rat t + +  
Rabbit t + +  
Monkey t t t  
Cat t t -  


Doer t + +  Minor 


a XU, morphine 3-glucuronide; V, normorphine; XIII, morphine 6-glucuronide; XIV, morphine 3-ethereal sulfate; XV, morphine 3Sdiglucuronide; VI, dihydromorphinone; 
111. a-dihydromorphine; IV, B-dihydromorphine; X, B- or y-isomorphine; 11, morphine N-oxide; and VII, VIII, and IX, 1-, 2-, and 8-hydroxporphines, respectively. b From 
Ref. 17. c Identifications are tentative. From Ref. 6. From Ref. 4. 


were not detected in the hydrolyzed control urine but were seen in the 
urine extract of some animals administered morphine. It is usual for the 
chemical-ionization (methane) spectrum of a substance, particularly 
drugs, to consist only of the m + 1 ion. These compounds were identified 
tentatively aa metabolites of morphine. A paucity of these metabolites 
and a lack of authentic standards of monohydroxymorphine and dihy- 
droxymorphine for comparison precluded further verification of their 
identity. 


Studies of the metabolism of naloxone and naltrexone, morphine an- 
tagonists with structures similar to morphine, in humans and monkeys 
revealed compounds in the extract of hydrolyzed urine tentatively 
identified as methoxynaloxone and methoxynaltrexone (as silyl deriva- 
tivee)13J4. In a later study14, the structures were conclusively shown to 
be 2-methoxynaloxone and 2-methoxynaltrexone as compared with au- 
thentic samples. The formation of 2-methoxy derivatives of morphine, 
nalorphine, levorphanol, and phenazocine was observed in rabbit liver 
micrmomes (21). The formation rate of the catechol-like compound ap- 
pears to be correlated with the lipid solubility of the substrate. A similar 
biotransformation of morphine (i.e., hydroxylation) might have occurred 
and resulted in the mass spectra detected in the extract of urine of some 
animals, as already noted. 


Hydroxylation of morphine could be taking place in the aromatic as 
well as in the aliphatic ring. 2-Hydroxy-, 10-hydroxy-, and 14-hydroxy- 
morphines, 14-hydroxydihydromorphine, 14-hydroxycodeine, and 14- 
hydroxycodeinone have been synthesized (55-59). The hydroxylation 
of the aromatic ring a t  position 1 could proceed either by the well-known 
epoxide pathway or by the hydroperoxide pathway, as in butylated hy- 
droxytoluene metabolism (60). Since morphinedihydrodiol was not de- 
tected, the second pathway appears to be more attractive, although the 
epoxide pathway cannot be ignored. One hydroxyl group of dihydroxy- 
morphine might be in the aromatic ring while the other one is in the ali- 
phatic ring. 


The tentatively identified monohydroxy- and dihydroxymorphines 
might be the end-products of morphine metabolism uia an epoxide 
pathway. The epoxide can bind covalently to macromolecules, e.g., re- 
ceptor sites, protein, or other molecules and might be released slowly from 
the body. The possible metabolic intermediates or the reaction product 
between intermediates and a macromolecule or a degradation product 
of that adduct might be responsible for some long-term effects of mor- 
phine. Protracted abstinence observed in humans and animals (61-63), 
prolonged tolerance (64), and a decrease in growth rate of offspring of 
morphine-treated rats and mice (65-67) might be due to the intermediate 
metabolite(6) of morphine bound to the macromolecule. 


Biotransformation of Morphine to 8- or y-Isomorphine-Two 
possible pathways could lead to the conversion of morphine to isomor- 
phine: hydroxide-ion direct attack a t  the C-8 position or formation of 
morphine 7,8-epoxide. Attempts to synthesize morphine 7,8-epoxide by 
modifying the procedure of Craig and Purushothaman (68) and Kishi 
et al. (69) failed. TLC of the reaction product showed two spots. The Rf 
of the major spot corresponded to that of morphine N-oxide. A small peak 
with mass consistent with monohydroxymorphine, in addition to mor- 
phine, was observed in the reaction product. Possibly, the 7,8-epoxide 
is a transient intermediate and is converted to isomorphine sponta- 
neously. Further in uitro studies are needed to verify these sugges- 
tions. 


Glucuronides of Morphine, Morphine N-Oxide, Dihydromor- 
phinone, and Dihydromorphine-Glucuronidation is a universal 


'3 Data reported in the report of Committee on Problems of Drug Dependence, 


14 E. J. Cone and C. W. Gorodetzky, personal communication. 
1975. 


metabolic pathway for biotransfocmation of foreign compounds having 
a phenolic or alcoholic hydroxyl group. Conjugation of morphine, dihy- 
dromorphine, normorphine, and dihydromorphinone with glucuronic 
acid a t  the 3- and/or 6-positions has been reported. The finding of glu- 
curonides of morphine N-oxide and a- and e-dihydromorphines in the 
present studies was expected. Chromatograms of the methanol effluent 
or the aqueous phase after solvent extraction of the methanol effluent 
(obtained from the urine of rats, rabbits, and monkeys) on instant TLC 
sheets, impregnated with silica gel and developed with Solvent A, showed 
a spot with R/ 0.0-0.1, corresponding to that of morphine 3,6-diglucu- 
ronide. No attempt was made to establish the identity of this fraction. 


Ethereal Sulfate Conjugation of Morphine-The major metabolite 
of morphine in cats was morphine ethereal sulfate; morphine glucuronide 
was a minor metabolite. There is a deficiency of glucuronyl transferase 
in the cat, but this enzyme is present in major quantities in the other 
species. 


SUMMARY 
Morphine metabolites isolated or detected in the species studied are 


summarized in Table 111. Normorphine, morphine 3-glucuronide, and 
morphine 6-glucuronide were found in humans, guinea pigs, rats, rabbits, 
monkeys, dogs, and cats. In cats, morphine 3-glucuronide was a minor 
metabolite and morphine 6-glucuronide was not observed. Morphine 
ethereal sulfate was observed in humans and cats. Dihydromorphinone 
was observed in guinea pigs, rats, rabbits, and monkeys. Both a- and 
P-dihydromorphines were observed in guinea pigs, rats, and rabbits. 


Morphine N-oxide and 0- or y-isomorphine were observed in guinea 
pigs. Hydroxylated morphine was observed in guinea pigs, rats, rabbits, 
and cats. In these studies, the metabolism of morphine in guinea pigs was 
investigated more thoroughly than in the other species using radioactively 
labeled drug. The minor metabolites found in guinea pigs but not in other 
species might also be present in the urine of other species but not in a 
sufficient concentration to be detected by the methods used. 


Codeine, norcodeine, methoxyhydroxymorphine (2-hydroxycodeine), 
and morphine-2,3-quinone were not detected. 
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Abstract 0 A series of tetrahydro- and hexahydrocannabinol derivatives 
was prepared in which the substituents at position 9 were varied. These 
compounds were evaluated in mice for their effects on locomotor activity, 
body temperature, muscle tone, and analgesia. Depression of body 
temperature and locomotor function was demonstrated by several 
compounds, but all were devoid of any significant analgesic activity. 


Keyphrases 0 Tetrahydrocannabinol derivatives, various-synthesized, 
pharmacological activity evaluated in mice 0 Hexahydrocannabinol 
derivatives, various-synthesized, pharmacological activity evaluated 
in mice 0 Structure-activity relationships-various tetrahydrocanna- 
binol and hexahydrocannabinol derivatives, pharmacological activity 
evaluated in mice 


Numerous synthetic tetrahydrocannabinol derivatives 
have been prepared and tested since the accidental dis- 
covery that synthetic A6aJ0a-tetrahydrocanabinol caused 
ataxia in dogs and corneal areflexia in rabbits (1,Z). Re- 
views of those studies have been published (3 ,4) .  


The purpose of this study was to examine the struc- 
ture-activity relationships in some synthetic tetrahydro- 
and hexahydrocannabinol derivatives with variations in 
ring C, especially at  position 9. A modified primary mouse 
screening test, developed in this laboratory, was used for 
the bioassay. 


RESULTS AND DISCUSSION 


Chemistry-The key intermediate in the synthesis of most of the 
compounds was the ketone, 9-nor-9-oxohexahydrocannabinol (I, Scheme 
I). It was prepared either as a racemic mixture according to the procedure 
of Fahrenholtz et a[  (5) or as an optically active compound with the 
natural configuration according to a slightly improved procedure (6). 
(-)-A9.l1-Tetrahydrocannabino1 acetate’ was treated with osmium te- 
troxide and sodium periodate in tetrahydrofurar-water to give the ketone 
after saponification of the acetate in an overall yield of 75%. 


Compound I was converted to the dithioketal(I1) by treatment with 
ethanedithiol-boron trifluoride etherate (7), and it gave g-norhexahy- 
drocannabinol (111) after reduction with Raney nickel in refluxing 
methanol (8). The optically active I afforded an approximate 1:l mixture 
of the two isomeric 9-nor-9-hydroxyhexahydrocannabinols (IV) in almost 
quantitative yield by reduction with sodium borohydride in methanol 
(6). 


Grignard reaction with the I acetate and propylmagnesium bromide 
gave, after treatment with acid, dl-  A8-9-nor-9-n-propyltetrahydrocan- 
nabinol (VI). 


Hydrogenation of (-)-.i9-tetrahydrocannabino11 (VII, Scheme 11) with 
palladium-on-charcoal (10%) yielded an approximately 1:l mixture of 
the two isomeric (-)-hexahydrocannabinols (VIII) (9). 


Reaction of (-)-.i9J1-tetrahydrocannabino1 acetate (IX, Scheme 111) 
with borohydride-tetrahydrofuran-diglyme and subsequent oxidation 
of the resulting organoborane with trimethylamine N-oxide dihydrate 
(10) gave, after saponification of the acetate ( X ) ,  an approximately 1:l 
mixture of the two isomeric (--)-I 1-hydroxyhexahydrocannabinols 
(XI). 


Pharmacology-A primary mouse screening test was applied to 
bioassay A9-tetrahydrocannabinol and its analogs. A battery of 11 rela- 


1 Supplied by the Center for Studies of Narcotics and Drug Abuse, Alcohol, Drug 
Abuse, and Mental Health Adminstration. 
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tively objective subtests was administered successively to each mouse 
in a systematic order. The assessment began by observing the undisturbed 
behavior and the eyes of the animal to detect any gross abnormality. Then 
the mouse was put in an open-field box (11) to record its locomotor ac- 
tivity. Postural arrest was noted when the mouse stopped abruptly and 
remained still for more than 10 sec. 


Touch response was evaluated by watching the “popcorn” reaction of 
the animal when its thorax was touched with the tip of a long forceps. A 
sharp sound was emitted by means of a metal clicker to score the startle 
response. T o  test for the biting response, the animal was held at the nape 
and a small wooden dowel was brought near its mouth (12). Body tem- 
perature was registered by inserting a rectal probe connected to a 
telethermometer. 


Muscle tone was assayed by allowing the animal to suspend from a tiny 
bar fixed to a 0.5-kg push-pull strain gauge and slowly pulling the mouse 
down by its tail. The amount of force required to compel the subject to 
release its grip was read from the gauge. Neuromuscular coordination 
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Scheme 11 
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Table I-Structure-Activity Relationships of A9-Tetrahydrocannabinol 
(VII) and Its Synthetic Analogs in Primary Mouse Screen 


EDw, pmlkg 
Locomotor Postural Body Pain 


Compound R h Activity Arrest Temperature Sensitivity 


0.8 1.3 1.7 3.2 
- 0.4 1.5 0.9 - 9 (1) VII CH3 


111 H ... 


C H ~ C H ~ C H ~  8 (6) 
- 


VI 
VIII 


IV 
XI CHpOH 


- 
- %? 


1.6 
27.1 
0.4 
0.8 


1.5 
21.0 
1.1 
1.0 


17.6 
12.7 
0.7 
2.0 


CH, 
CHZOH 
I 


.. 
IX x 


CHzOH 


XI 
Scheme I I I  


was measured by a rotarod (13). In the analgesic test, the animal was 
placed on a hot plate (14) regulated at  55 f 0.5O. The interval of time 
during which the animal remained on the plate without showing any 
obvious reaction to heat was recorded. 


Swiss-Webster male mice, E-22 g, were used. Baseline scores for 
several subtests, i.e., locomotor activity, postural arrest, touch response, 
biting response, and neuromuscular coordination, were obtained as a basis 
of comparison between predrug and postdrug responses. Initially, a series 
of dose range studies was conducted using a loglo interval scale. After 
a minimum effective dose range was established and a probable slope was 
estimated for each compound, dose-response studies were performed. 
The compounds were dissolved in polyethylene glycol 400 and adminis- 
tered at the rate of 2.4 mlhg ip in a manner similar to the procedure re- 
ported by Uliss et al. (15). 


Three appropriate doses of each compound were selected, and 10 an- 
imals were tested at  each dose level. Each time a compound was evalu- 
ated, a control group of 10 mice injected with polyethylene glycol 400 also 
was, observed. :The bioassay was conducted 30 min after treat'ment. 


The predrug baseline scores and the data obtained by assessing the 
physiological and behavioral states of the control subjects were analyzed 
to establish a control or criterion value for each subtest. The subtest score 
of each treated animal was considered to show a decrease, no change, or 
an increase in response relative to the control value. 


The data showed that all compounds decreased locomotor activity and 
body temperature and increased postural arrest in a substantial number 
of animals. Although most compounds had no analgesic effects, Ag- 
tetrahydrocannabinol reduced pain sensitivity in some subjects. On other 
physiological states and behavioral responses, the compounds produced 
no appreciable effects. The percentages of mice showing a decrease in 
locomotor activity were computed at each dose level and plotted against 
dose (in micromoles per kilogram) on logarithmic probability paper. 
Similarly, the percentages of subjects manifesting a decrease in body 
temperature and the percentages revealing an increase in postural arrest 
were plotted against dose. 


The dose-response curves indicated that the effects were dose related. 
From the curves, the median effective doses (EDbo's) were calculated 
according to the method of Litchfeld and Wilcoxon (16). The EDw is the 
estimated dose at which 50% of the animals are expected to show a de- 
crease (or an increase) in response to a given subtest. The EDm values 


are listed in Table I, depicting the structure-activity relationships of the 
most active compounds. 


EXPERIMENTAL 


Boiling points are uncorrected. Melting points*, determined in open 
glass capillaries, are uncorrected. Analytical results for the elements were 
within &0.4% of the theoretical values. 


dl-9-Norhexahydrocannabinol (111)-Ethanedithiol (3 ml), I (4 
g), and 3 ml of boron trifluoride etherate were mixed and stirred until they 
were homogeneous. After standing for an additional 10 min, this solution 
was chromatographed on silica gel with methylene chloride-ether. The 
methylene chloride-2% ether and methylene chloride-5% ether fractions 
were evaporated to give 4.7 g (95%) of the dithioketal as a colorless oil, 
which soon started to crystallize. Recrystallization from pentane gave 
colorless crystals, mp 84-87O. 


These crystals were dissolved in 1100 ml of methanol and refluxed for 
30 hr with 70 g of Raney nickel. The solution was then filtered over dia- 
tomaceous earth3, and the solvent was evaporated to give 3.4 g (94%) of 
a yellow oil. Chromatography on silica gel with benzene and subsequent 
distillation at reduced pressure yielded 2.3 g of a slightly yellow oil, bp 
160-180°/0.25 mm. 


Anal.-Calc. for C20H3002: C, 79.42; H, 10.00. Found C, 79.53; H, 
10.32. 


dl-As-9-n-Propyltetrahydrocannabinol (V1)-Compound I acetate 
(800 mg, 2.25 mmoles) was treated with propylmagnesium bromide ac- 
cording to the standard Grignard reaction procedure to afford 600 mg 
of the mixture of carbinols (V) as a semisolid oil (74%). This crude product 
was treated with p-toluenesulfonic acid in refluxing benzene and chro- 
matographed on silica gel with benzene to give 430 mg (55% overall yield) 
of VI as a nearly colorless oil. 


Anal.-Calc. for C23H3402: C, 80.65; H, 10.01. Found: C, 80.51; H, 
9.75. 


1 1-Hydroxyhexahydrocannabinol (XI)-( -)-A9J1-Tetrahydro- 
cannabinol acetate (456 mg, 1 mmole), prepared from (-)-A9*l1- 
tetrahydrocannabinol by reaction with acetic anhydride-pyridine, was 
dissolved in 4 ml of dry diglyme and hydroborated with 0.44 ml of 1 N 
borohydride-tetrahydrofuran solution in tetrahydrofuran at 0' for 1 hr. 
Then the reaction was refluxed for 2 hr, and trimethylamine N-oxide 
dihydrate was added. The reaction mixture was gently refluxed with 
stirring for 2 hr. Then the contents of the reaction flask were transferred 
to a separator, diluted with methylene chloride, and washed once with 
10% HCl and three times with saturated sodium chloride solution. 


The organic layer was dried (magnesium sulfate) and evaporated to 
afford 400 mg of a brownish, viscous oil. Saponification of the acetate with 
methanolic 2% KOH at  room temperature overnight and repeated 
chromatography of the product on silica gel with petroleum e t h e r a m  
ether gave 80 mg (25% overall yield) of an approximately 1:l mixture of 
the two isomeric carbinols as a yellow oil. 


Anal.-Calc. for C21H3203: C, 75.86; H, 9.70. Found: C, 75.76 H, 
9.53. 
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Abstract  0 N-(DiethylaminoethyI)-4-~ubstituted aminobenzoate 
quaternary salts, N-(diethyIaminoethyl)-4-~ubstituted aminobenzamide 
quaternary salts, 4-substituted acylaminobenzamide quaternary salts, 
and 4-substituted acylaminosalicylamide derivatives were prepared and 
tested for antispasmodic activity. Preliminary pharmacological tests on 
isolated guinea pig ileum revealed that the new compounds possess 
nonspecific inhibitory action on smooth muscles. 


Keyphrases Aminobenzoic acid derivatives-quaternary salts syn- 
thesized, antispasmodic activity evaluated Quaternary salts-of 
aminobenzoic acid derivatives synthesized, antispastnodic activity 
evaluated 0 Antispasmodic activity-quaternary salts of various ami- 
nobenzoic acid derivatives evaluated Structure-activity relation- 
ships-quaternary salts of aminohenzoic acid derivatives evaluated for 
antispasmodic activity 


Studies based on the empirical structural scission of the 
atropine molecule indicated that it did not have a highly 
specific action. The tropine moiety is a complex amino 
alcohol that can be simplified but still retain the anti- 
spasmodic activity. 


Many parasympatholytic drugs possess potent anti- 
spasmodic activity and show some structural resemblance 
to acetylcholine; a t  least a tertiary nitrogen atom is needed - 


for activity. Moreover, quaternization of some antispas- 
modics resulted in significant variations in activity, in- 
cluding enhancement, duration, and toxicity. 


The discovery of smooth muscle relaxant properties 
among many N-substituted 4-aminobenzoate esters and 
amides (1, 2) inspired the preparation of some analogs 
derived from 4-aminobenzoic and 4-aminosalicylic 
acids. 


The present paper reports the synthesis of some N -  
(diethylaminoethyl)-4-substituted aminobenzoate qua- 
ternary salts, N-(diethylaminoethyl)-4-substituted ami- 
nobenzamide quaternary salts, 4-substituted acylamino- 
benzamide quaternary salts, and 4-substituted acylami- 
nosalicylamide derivatives and their evaluation for anti- 
spasmodic andlor cardiovascular effects. 


RESULTS AND DISCUSSION 


Synthesis-The key intermediates, 4-suhstituted acylaminobenzoyl 
chlorides (Ia-Id, Table I) ,  were prepared by the classical method using 
thionyl chloride and the appropriate acid. N-(Diethylaminoethy1)-4- 
substituted aminobenzoate derivatives (IIIa-IIIo, Scheme I and Table 
11) were prepared by: Method A, condensation of the appropriate acid 


m 
RCOCI - H , N ~ O O C H , C H , N ( C , H , ~  - RCOHN -(Q)-coocH,cH,N(c,H,~ 
Ia-Id 


II I11 a-  1110 \ I  


Iv 1 V a - V  b 


VI 
i i i 


VII VIIIa-VIIIr: Z = H 
IXa-IXe: Z = OH 


Scheme I 
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TOO MANY REGULATIONS? 
Out in Fairfax County, Virginia, where this writer resides, we enjoy-or are af- 


flicted with, depending upon one’s viewpoint-an apparent surfeit of dogs. More- 
over, the owners of many of these pets exercise exceedingly little restraint or control 
over the canine population. 


This situation has led to  the county adopting a so-called “leash law,” which re- 
quires every dog to be maintained on a leash whenever the animal is off its owner’s 
property. After being in effect for a full year, however, we see no discernible change 
in behavior, simply because the police do not enforce the law and the malefactors 
who own the dogs are well aware of that  fact. Consequently, what seemed to be a 
good solution in theory turned out to be an  exercise in futility. 


We also have certain main roads designated as “snow emergency routes,” and 
any car getting stuck there due to ice and snow is subject to being ticketed. Well, 
this past February, the Washington, D.C., atea was hit with its worst blizzard in 
50 years. Although efforts were made to keep the main arteries open, this quickly 
proved hopeless due to stalled cars that  were abandoned on the roadways, pre- 
venting the snow removal equipment from doing its job. 


In one newspaper account, a reporter asked the traffic department why the of- 
fending cars were not being ticketed. The response offered by the police was that 
to do so would be “unfair because the cars were snowed in.” But since no one gets 
stuck in snow purposely, why maintain such a law on the books if i t  is not to be en- 
forced? 


We are reminded of these examples because we recently heard an APhA member 
offer the same time-worn and simplistic solution that pharmacy often employs in 
an effort to solve some problem situation or behavior; namely, the “there-ought- 
to-be-a-law’’ syndrome. 


A pharmaceutical company house organ publication crossed our desk a few weeks 
ago that carried an article, the heading of which was a direct quote from a book 
entitled “Spirit of the Law,”written in 1748 by the French state philosopher Charles 
de Montesquieu. The quote read: “Superfluous laws detract from the effectiveness 
of those that are necessary.” 


Increasingly, there are signs and evidence that the United States in general, and 
the health field in particular, are becoming the victims of over-regulation. Pro- 
ductivity and effectiveness are gradually being strangled by excessive regulatory 
requirements. 


This problem has gotten to the point that  the federal government itself, in the 
form of the Carter Administration, is initiating various reviews to assess whether 
this trend might be reversed. Although we may be pessimistic or even cynical about 
such pronouncements, it is encouraging that there is some recognition of the danger 
posed by unbridled policy to solve problems through imposing new regulations. 


Moreover, Mary Munson Runge, quoted several months ago before assuming 
the APhA Presidency, expressed chagrin at the “overlegislated” state of the pro- 
fession of pharmacy. Who is to blame for the mountain of mandates that is slowly 
taking shape throughout the country? She believes that pharmacists themselves 
are a t  fault: “Pharmacists have brought some of these things on themselves by not 
doing them voluntarily. 1 understand fully the reasons for all the mandates that 
are being legislated, and I think it’s the fault of the profession.” 


From our perspective, she is right on target. Most new statutes and regulations 
come about because something wasn’t working as it should have been, and a need 
was perceived by someone to legislate a solution. 


Requirements affecting the drug industry-and especially the Good Manufac- 
turing Practices and Good Laboratory Practices regulations-can generally be 
traced to some sloppy or shoddy performance by a t  least a part of the industry. 


Similarly, in this month’s issue of APhA’s professional periodical, American 
Pharmacy, there is an article titled “Kelsey’s Commandos: FDA Investigates the 
Investigators.” This article deals with all the rules that have sprung up in the past 
decade to regulate scientists who conduct clinical investigations on new drugs. Again, 
as the article reveals, these people brought i t  on themselves through the scandalous 
performance of some of their own. 


But if it’s any consolation, the investigators-of-the-investigators are increasingly 
getting rapped on their back-sides also! There have been several cases lately where 
FDA is being dragged into court to account for its alleged failure to perform and 
is being slapped with requirements to speed up certain processes, to release certain 
information, or to complete certain projects. A big headline in the March 9 issue 
of The Washington Post serves as a cryptic example: “Judge is Asked to Force FDA 
to Move on Ineffective Drugs.” As the story notes, “More than 16 years and one court 
order” after Congress passed the provision that the government halt sales of any 
drug lacking substantial evidence of ita efficacy, some 482 prescription products 
lacking such evidence remain on the market. 


FDA’s usual excuse is that Congress is quick to pass laws but slow to appropriate 
funds for their implementation. 


We are not sure what the answer is to the over-regulation problem. But we suspect 
that  much of the problem is preventable if  people, organizations, and agencies all 
performed up to the reasonable standard expected of them by society. -EGF 
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Abstract  0 The kinetics of the absorption and elimination of prali- 
doxime chloride were investigated in the dog. Similar apparent elimi- 
nation rate constants were obtained after intravenous, intramuscular, 
and oral administration. Although oral absorption occurred slowly, in- 
tramuscular absorption proceeded rapidly. With in situ techniques, it 
was found that no absorption occurred from the isolated stomach and 
duodenum but that absorption did take place from the jejunum and 
ileum. 


Keyphrases 0 Pralidoxime chloride-absorption and elimination ki- 
netics in dogs Absorption, GI-pralidoxime chloride, kinetics in dogs 
0 Elimination-pralidoxime chloride, kinetics in dogs 0 Kinetics- 
absorption and elimination of pralidoxime chloride in dogs 0 Cholines- 
terase reactivators-pralidoxime chloride, absorption and elimination 
kinetics in dogs 


Most charged drugs are poorly absorbed after oral ad- 
ministration. However, quaternary ammonium compounds 
that are charged and have low lipid solubility undergo 
varied absorption. About 10% of a dose of tetraethylam- 
monium chloride was absorbed at  the end of 3 hr, using in 
oioo intestinal loops in dogs (1). The disappearance of 
10-30% of a dose of a number of quaternary ammonium 
anticholinergics was found in the rat using isolated intes- 
tinal loops (2, 3). N,N-Bis(phenylcarbamoylmethy1)- 
dimethylammonium chloride, an antiarrhythmic agent, 
was poorly and erratically absorbed in rats (4) and humans 
(5).  The bioavailability of thiazinamium methylsulfate 
after oral administration in humans is approximately 10% 
(6). 


Levine and Steinberg (7) reported almost complete 
absorption of the methanesulfonate, phosphate, metho- 
chloride, and methiodide salts of pralidoxime in the rat. 
However, other investigators indicated that large doses of 
this drug were required to obtain significant plasma levels 
in humans (8-10). 


To understand more fully the erratic absorption be- 
havior of quaternary ammonium compounds, the complete 
absorption and elimination profile of pralidoxime chloride 
(2- [ (hydroxyimino)methyl] - 1 -methylpyridinium chloride) 
was investigated in the dog. This drug is used clinically to 
reactivate cholinesterase in the therapy of organophos- 
phate poisoning. 


EXPERIMENTAL 


Test Animals-Thirty-one male mongrel dogs, 8.6-1 1.4 kg, were 
permitted to adjust to the environment for a t  least 48 hr. Water was 
permitted ad  libitum, and food was withheld for 24 hr prior to use. 


Chemicals-Pralidoxime chloride' was used as received. All other 
chemicals were reagent grade. 


Anesthesia-Pentobarbital sodium, given intravenously a t  a dosage 
of 30 mg/kg, was used as the anesthetic. 


Blood Sampling-Venous blood sampling in anesthetized animals 
was accomplished with inside needle catheters2. 


The catheter was inserted in the femoral vein after anesthesia, and 
heparin sodium was then administered a t  a dosage of lo00 units/kg as 
an anticoagulant. Venous blood samples were collected in heparinized 
tubes?. In unanesthetized animals, samples were obtained by veni- 
puncture. 


Pralidoxime Assay-A previously described analytical technique, 
(1 1) was utilized to determine the pralidoxime content in biological fluids. 
Standard aqueous solutions containing 0.750-9.00 mg of pralidoxime/ml 
were prepared; to each 10.0-ml sample, 0.40 ml of 20% NaOH was added. 
The standard curve obeyed the Beer-Lambert law. 


Intravenous Administration-The drug was dissolved in 10 ml of 
sterile water for injection and administered intravenously uia the cephalic 
vein over 3 sec. Three dogs received a 150-mg dose, and three other dogs 
received a 300-mg dose. Blood samples, 3 ml, were taken from each dog 
a t  0, 1, 2, 3, 4, 6, 8, 10, 15, 20, 25, 30, 40, 60, 75, 90, 105, 120, and 150 
min. 


Drug  Disappearance from GI Tract-Stomach-A midline ab- 
dominal incision was made 8 cm in length and equidistant from the base 
of the sternum. The stomach was exposed and kept moist by bathing in 
physiological saline at 37'. The stomach was tied off just below the entry 
of the esophagus and just above the pyloric sphincter. A small slit was 
made in the cardiac portion and in the pyloric region of the stomach ap- 
proximately 2 cm from each tie. Foley catheters4 were inserted into each 
slit, inflated, and fixed in position using a purse string suture. 


The stomach was returned to the abdominal cavity and rinsed with 
100 ml of physiological saline at 37' by way of a syringe attached to the 
catheter at  the cardiac portion. After rinsing, air was forced through the 
syringe to expel any remaining wash. A 50-1111 vented calibrated syringe 
was attached to each catheter; 15 min after washing, 1 g of drug dissolved 
in 50 ml of water a t  37' was administered through the catheter a t  the 
cardiac portion. A positive backward pressure was exerted on each 
catheter to prevent inward movement. 


A t  0, 15,30,45,60,75,90, 105, and 120 min after drug administration, 
the total volume of the stomach contents was measured by withdrawing 
the fluid into the syringe at the pyloric portion. A 0.20-ml sample was 
removed and annlyzed. 


Duodenum, Jejunum, and Ileum-The procedure used was similar 
to that described for the stomach. The entire duodenum, with blood, 
nerve, and lymph supplies intact, was isolated and tied at  the pylorus and 
the duodenal-jejunal flexure and catheterized as described previously. 
The bile duct and pancreatic duct were ligated. Washing, drug admin- 
istration, and sampling procedures were identical to those used with the 
stomach. 


A I -g  dose of pralidoxime chloride in 50 ml of water a t  37' was ad- 
ministered to four dogs. Duodenal contents were removed by way of the 
distal syringe, the volume was determined, and a 0.20-ml sample was 
removed for assay a t  0,15,30,45,60,75,90,105, and 120 min after drug 
administration. During each experiment, 3-ml blood samples also were 
taken at  15-min intervals up to 2 hr. 


Jejunal and ileal washing, drug administration, and sampling tech- 
niques were as descrihed for the stomach and duodenum. The midsection 
of the jejunum was isolated; a segment drained by three branches of the 
common mesenteric vein was tied off with its blood, nerve, and lymph 
supplies intact. A slit was made central to each ligation, and a catheter 
was inserted. The loop was then returned to the abdominal cavity. 


For ileal disappearance, the ileum was isolated. A section drained by 
three hranches of the common mesenteric vein (starting a t  the second 
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Table I-Pharmacokinetic Parameters  a f t e r  Rapid Intravenous Injection of Pralidoxime Chloride 


A,  a, C, 7 ,  B ,  8, 
Dose, mg Dog rglml min-1 d m l  min-1 r g h l  min-' 


150 1 190 2.06 68 0.201 12 0.0179 
5 680 1.69 82 0.1 10 14 0.0131 


16 220 1.51 88 0.173 14 0.0124 


300 1 450 1.40 150 0.120 27 0.0171 


18 420 1.58 78 0.140 19 0.0167 


0.0145 f 0.006" 


17 290 0.82 94 0.116 34 0.0180 


0.0173 f 0.0013" 
Mean f 95% confidence limits. 


branch after the ileocecal juncture) was ligated. The segment was cath- 
eterized and returned to the abdominal cavity. Jejunal and ileal contents 
were removed by the distal syringe, the volume was determined, and a 
0.20-ml sample was removed for assay. Blood samples, 3 ml, also were 
taken a t  15-min intervals up to 4 hr. 


Back-diffusion of drug from the plasma into each GI area was deter- 
mined by isolating the area as described previously and injecting a 300-mg 
iv dose at  0 and 60 min. Samples, 0.2 ml, were taken from the isolated 
areas a t  0, 15,30,45,60, and 120 min and assayed. 


Oral  Administration-Pralidoxime chloride, 1 g, was administered 
uia stomach tube to unanesthetized dogs as solutions (50 ml) and as 
tablets5. Three dogs were used for each dosage form. Immediately after 
administration of the tablets, 50 ml of water was given by way of a 
stomach tube. Blood samples were taken a t  1, 3, 5, and 7 hr after ad- 
ministration and analyzed for drug. Three days later, the animals were 
dosed again and blood samples were taken a t  2,4,6,  and 8 hr. 


The same procedure was followed for oral administration in anesthe- 
tized dogs. Tablets were administered just prior to anesthesia. Blood 
samples, 3 ml, were taken a t  30-min intervals up to 11 hr. 


Intramuscular Administration-Drug, 150 mg in 3 ml of sterile 
water for injection, was administered into the triceps muscle. Blood 
samples were taken for assay a t  5,10,15,20,25,30,45,60,75,90,105,120, 
and 135 min. 


Statistical Comparison-Statistical comparisons were made using 
analysis of variance. Significance was tested a t  the p S 0.05 level. 


RESULTS 


Intravenous Administration-The plasma concentration-time 
profiles after rapid intravenous injection of pralidoxime chloride at  both 
150 and 300 mg were characterized by a triexponential equation: 


C,, = Ae-"' + Re-Pt + Ce-7' (Eq. 1 )  
This equation can be represented as a three-compartment open model 
for drug disposition. Table I lists the values for the various parameters 
for each dog. There was no significant difference between elimination 
rate constants ( B )  obtained with the 150- and 300-mg doses. Also, there 
was no difference within each dose. In a single experiment where ether 
was used as the anesthetic instead of pentobarbital, an elimination rate 
constant of 1.77 X lo-* min-' was obtained after a 150-mg dose. 


Drug Disappearance from Different Segments of GI Tract-No 
measurable disappearance of plasma pralidoxime levels was observed 
a t  any time in experiments utilizing isolated stomach or duodenum. 


1 .o* 


1 0.5 


0.3f- 
I 


0 6b 120 
MINUTES 


Figure 1-Fraction of dose remaining in jejunal loop (Dog 2S). 


Protopam tablets. 0.5 g, Ayersl 


Drug disappearance from the isolated jejunum followed first-order 
kinetics, where the observed rate constant was defined as k,  (Fig. 1). 


Similar results were observed for drug disappearance from the ileum, 
except that first-order loss was not observed until approximately 60 min. 
The pattern for the initial period in all dogs was similar; the data illus- 
trated erratic behavior and nonlinearity when plotted for first-order ki- 
netics. The best estimates of k,, the disappearance rate constants, were 
obtained from the terminal linear segment using regression analysis. As 
can be seen in Table 11, the rate constants and percent losses observed 
after 2 hr from the ileum were significantly greater than those obtained 
from the jejunum. No differences were observed within each set of ani- 
mals a t  each intestinal area. 


Plasma levels after intestinal drug administration indicate higher levels 
from the ileum than from the jejunum (Fig. 2). Although the results 
shown are for Dogs 9 and 17, similar results were obtained for the other 
two dogs in each set. Longer blood sampling in the jejunum experiments 
may have shown a slow, continual rise in plasma levels since this trend 
was observed in all three animals. However, since blood levels beyond 
the 2-hr experiment were difficult to obtain, this hypothesis could not 
be verified. Since samples also were not collected at every interval or with 
every dog within the 2-hr interval, average results have not been 
given. 


No detectable amounts of drug could be found in the stomach, the 
duodenum, the jejunum, or the ileum a t  0, 15, 30,45,60, and 120 min 
following the intravenous administration of a 300-mg dose a t  0 and 60 
min, indicating no back-transfer of drug into these areas. Two dogs were 
observed a t  each level. 


Oral  Administration-No plasma levels were observed in anesthe- 
tized dogs following oral administration of 1 g of pralidoxime chloride 
as a solution and as tablets. Tablets passed compendia1 standards for 
disintegration, weight variation, and potency and contained an average 
of 511 mg of drug. Mean plasma levels after oral administration of a 1-g 
dose in solution and as tablets to three unanesthetized dogs are presented 
in Pigs. 3 and 4. 


1 6 


/ 


I I 
0 60 120 


I I I 


MINUTES 
Figure 2-Plasma concentration after jejunal and ileal administration 
of I g of pralidoxirne c h h i d e .  Key:  0 ,  jejunal. Dog 9; and X, ileal. Dog 
I ? .  
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Table 11-Disappearance Rate Constant, k,, and Percent Loss 
of Pralidoxime Chloride from the In Situ Isolated Stomach, 
Duodenum, Jejunum, and Ileum 


GI k ,  X lo3, Loss 
Area DOE min-* after 2 hr, % 


Stomach 36,43 
Duodenum 19,20,22,24 
Jejunum 9 


12 
15 
25 


Ileum 17 
21 
23 
26 


- 
6.87 
7.79 
8.81 
8.12 


7.89 f 1.0gb 
18.8 


-a  
-a 


56.8 
58.4 
63.7 ._ 


64.3 
60.8 f 5.18b 


83.7 
17.7 84.2 
17.0 80.8 
16.3 80.5 


17.5 f 1.46* 82.3 f 2.65b 


0 No measurable loss. Mean f 95% confidence limits. 


The individual and average data were fitted adequately to a one- 
compartment open model with first-order absorption. The following 
equation describes the plasma level after administration with both dosage 
forms: 


C, = P ; ( e - k t  - e-") (Eq. 2) 


where Pi is a constant, kh is the apparent absorption rate constant, @ is 
the elimination rate constant, and C,  is the plasma level a t  time t .  


A tetraexponential equation would be expected since a three-com- 
partment model was observed after intravenous administration. However, 
this model is difficult to observe after oral administration since it is not 
feasible to obtain the large number of blood samples required to describe 
absorption and disposition adequately. For this reason, a less complicated 
model is often used to delineate blood level curves after oral drug ad- 
ministration (12). 


The parameters of Eq. 2 were obtained using the method of residuals 
and nonlinear least-squares regression analysis to obtain the best esti- 
mates of the constants (13). Individual apparent absorption rate con- 
stants, elimination rate constants, areas under the plasma level-time 
curve from zero to infinity, and bioavailabilities, F, are presented in Table 
111. 


There was no significant difference in the absorption rate constants 
and elimination rate constants obtained with either the solution or tablet. 
No difference was observed for values obtained within each dosage form. 
However, the area under the curve from zero to infinity for the solution 


t 
t 


1 


o-r7--7 - 1  
0 240 480 


MINUTES 


Figure 3-Mean plasma concentration f 9#5% confidencp limits after 
oral administration of I g of pralidoxime chloride in solution. 


Table 111-Absorption Rate Constants, Elimination Rate 
Constants, Area under the Plasma Level-Time Curve from Zero 
to Infinity, and Bioavailability Obtained after Oral 
Administration of 1 g of Pralidosime Chloride 


Area under Bioavaila- 
Dosage kb X lo3, @ x 102, Curve, bility, 
Form Dog rnin-* min-1 pg-hrlml F" 


Solution 40 8.13 1.24 118 0.61 
41 6.21 1.15 145 0.75 
42 7.46 1.21 153 0.79 


7.26 f 1.96b 1.20 f 0.092b 139 f 20.7b 0.72' 
Tablet 43 7.08 1.72 76.6 0.40 


44 7.10 1.23 80.1 0.41 
45 7.78 1.09 89.2 0.46 


7.32 f 0.74b 1.35 f 0.67b 82.0 f 7.36b 0.42c 


a Calculated using the average of the individual areas under the curve for the 
150-mg iv dose. b Mean f 95% confidence limits. Mean value. 


was 70% larger than for the tablet, and these values were statistically 
different. Using the average of the individual areas under the curve for 
the 150-mg iv d a e ,  the approximate bioavailabilities for the solution and 
tablet were 0.72 and 0.42, respectively. 


Intramuscular Administration-Mean plasma levels after admin- 
istration of 150 mg of pralidoxime chloride to three dogs are shown in Fig. 
5. The following equation describes the plasma levels after intramuscular 
administration: 


(Eq. 3) 


where P; is a constant, 13 is the elimination rate constant, k ,  is the ap- 
parent absorption rate constant, and C, is the plasma level a t  time t .  


Although a tetraexponential equation would be expected since a 
three-compartment model was observed after intravenous injection, as 
discussed under Oral Administration, less complicated models are often 
observed with other routes of administration. 


The parameters of Eq. 3 were obtained using the method of residuals 
and nonlinear regression analysis to obtain the best estimates of the 
constants. Individual absorption rate constants and elimination rate 
constants are given in Table IV. 


No significant difference was observed among the elimination rate 
constants obtained after intravenous, oral, or intramuscular adminis- 
tration. Values obtained within each route of administration were similar. 
The absorption rate constant after intramuscular administration was 
approximately eight times larger than after oral administration. Table 
V summarizes the results for each route. 


DISCUSSION 


After intravenous drug administration, the elimination kinetics are 
readily analyzed because no simultaneous absorption processes are oc- 
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Figure4-mean plasma concentration f 95?( confidence limits after 
oral administration of two 0.5-g pralidoxime chloride tablets. 
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Table IV-Apparent Absorption Rate  Constants and Elimination 
Rate  Constants Obtained af ter  Administration of 150 mg im of 
Pralidoxime Chloride 


k ,  X lo2, p x 102, 
Doe: min-1 min-1 


43 
44 
45 


7.16 
5.20 
5.11 


5.82 f 2.35, 


1.18 
1.69 _... 


1.50 
1.46 f 0.52, 


~~~ 


(1 Mean f 95% confidence limits. 


curring. The intravenous study of pralidoxime was undertaken to de- 
termine the elimination rate constant. Plasma levels after intravascular 
drug administration in dogs at doses of 150 and 300 mg were described 
by a triexponential equation. 


A three-compartment open model after rapid intravenous injection 
also was described for 5-(dimethyltriazeno)imidazole-4-carboxamide in 
the dog (14). A two-compartment open model was used to describe the 
pharmacokinetics for pralidoxime given intravenously to humans (15). 
In this latter study, blood sampling was not initiated until 5 min after 
injectinn, and only four samples were obtained between 5 and 30 min. 
Had samples been obtained a t  earlier times, perhaps a more complex 
model would have been observed, as was found in the dog where blood 
sampling began a t  zero time. Delayed sampling and a lack of frequent 
sampling a t  very early times may place the starting point of the plasma 
curve a t  a point in time beyond which the value of the first exponential 
is significant. 


In addition to obtaining a plasma level profile of pralidoxime, the ob- 
jective of the intravenous study was to determine the elimination rate 
constant, d. After intravenous injection of 150- and 300-mg doses, mean 


values of 1.45 X lo-* and 1.73 X 10-2 min-' were found, respectively. 
No significant difference existed between these values, indicating that 
changing the dose within the range utilized had no effect on the drug 
elimination pattern in dogs. Elimination rate constants of 0.0128 min-' 
(16) for pralidoxime iodide, 0.0084 min-1 (17) for pralidoxime meth- 
anesulfonate, and 0.010 min-' (15), 0.0089 min-' (17), and 0.00973 min-' 
(18) for pralidoxime chloride were reported after intravenous adminis- 
tration to humans. 


The rapid drug disappearance from the plasma in both dogs and hu- 
mans probably is due to the fact that pralidoxime is eliminated from the 
kidneys by both glomerular filtration and tubular secretion (19). The 
excreted Substances are the unchanged drug and an altered derivative, 
possibly an aldehyde (19). 


When ether was used in place of pentobarbital as the anesthetic, a B 
of 1.77 X lo-* min-* was obtained. This value, which is of the same 
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Figure 5 . Mean plasma ronwntration f 9iiC;. confidence limits after 
intramuscular administration of 1.50 mg of pralidoxirne chloride. 


Table V-Results fo r  Each Route of Administration 


B f 95% k, f 95% 
Confidence Confidence 


Route of Limits, Limits, 
Administration Dose min-' min-' 


Intravenous 


Oral solution 
Oral tablets 
Intramuscular 
Jejunum 
Ileum 


150 mg 
300 mg 


1 g  
1g  


150 mg 
1 g  
l p :  


0.0145 f 0.006 
0.0173 f 0.0013 
0.0120 f 0.00092 
0.0135 f 0.0067 
0.0146 f 0.0052 


- 


- 
- Stomach 1 i  


Duodenum l e  


0.00726 f 0.00196 
0.00732 f 0.00074 


0.0582 f 0.0235 
0.00789 f 0.00109 


0.0175 f 0.00146 
0.00 
0.00 


magnitude as those obtained with pentobarbital anesthesia, indicates 
that the latter probably has no effect on plasma pralidoxime disappear- 
ance after a single dose. 


Once a profile of elimination from the plasma after intravenous ad- 
ministration was obtained, the absorption pattern and absorption rates 
from the various areas of the GI tract were examined in an in situ prep- 
aration. The method involved the use of isolated areas of the GI tract, 
which permitted serial sampling from the area and also blood sampling. 
No detectable loss of drug was observed from the isolated stomach or 
duodenum after administration of a 5 0 - 4  solution containing 1 g of drug. 
Plasma levels were also not detectable after drug instillation into each 
area. Based on these results, it appears that absorption of the compound 
from the isolated stomach and duodenum of anesthetized dogs is negli- 
gible. Kakemi et al. (20), using the isolated stomach of the rat, also re- 
ported no absorption of pralidoxime methiodide. 


The lack of absorption is predictable based on the physicochemical 
properties of quaternary ammonium compounds. Since the drug is a 
charged compound and not lipid soluble, passage through a lipid barrier 
would be expected to be low. The lack of absorption probably cannot be 
attributed to inadequate blood flow since blood flow in the stomach and 
duodenum is sufficient in the pentobarbital-anesthetized dog (21 ). 


However, drug disappearance from the isolated jejunum and ileum was 
observed. The loss of pralidoxime from the jejunum exhibited first-order 
kinetics. In the ileum, the drug disappeared rapidly, although erratically, 
during the initial 60 min, followed by a slower, first-order disappearance. 
This behavior may be the result of some interaction of pralidoxime with 
the ileal mucosa, resulting in the establishment of a pseudoequilibrium 
condition or the secretion of fluid in the ileum, which could possibly slow 
drug absorption. A rapid initial absorption rate with a subsequent decline 
in the rate for pralidoxime chloride and other monoaldoximes in rats was 
observed previously (7). 


In the jejunum and ileum, the mean absorption rate constants were 
7.89 X and 1.75 X loA2 min-' and the percent loss after 2 hr was 61 
and 82%. respectively. These results illustrate that drug absorption from 
the jejunum proceeded a t  a slower rate than from the ileum in isolated 
segments of the dog. The differences are probably not the result of a 
change in pH since the pH of the intestinal contents during the experi- 
ment was 7.3 in both segments. Also, blood flow in the jejunum and ileum 
was reported as identical in the pentobarbital-anesthetized dog (21 ). 


The differences observed in absorption from the jejunum and ileum 
were possibly the result of differences in some membrane characteristic 
or constituent. Ion-pair formation may play a role in the absorption of 
quaternary ammonium compounds (4.22); adjunctive substances present 
in the membrane may combine with the drug and facilitate its  absorption 
(23). The absorption rate of the methiodide salt of 2-pyridine aldoxime 
in the rat reached a maximum with an increasing concentration of drug 
(20), which is consistent with ion-pair formation or may suggest the 
possible existence of another transport system. 


If such suhstances or transport systems do, in fact, exist, variability 
in the nature and distribution in different areas of the GI tract could 
possibly cause differences in the absorption rate. Pralidoxime may pos- 
sibly be absorbed uia the pore route since the pores are not static struc- 
tures. The ability of the pores to change dimensions may differ a t  the 
various levels of the GI tract. Based on elasticity theory, a small change 
in the linear dimension o fa  membrane will cause a much greater change 
in the dimensions of the pores (24). 


Plasma levels after drug administration in the isolated jejunum and 
ileum indicate a more rapid rise from the ileum than from the jejunum. 
This result is consistent with more rapid absorption from the ileum than 
from the jejunum. Plasma levels beyond the 2-hr experiment were dif- 
ficult to obtain since clotting occurred and excessive bleeding was en- 
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countered when surgically prepared animals were heparinized. Therefore, 
it is not known whether plasma levels would have continued to increase 
slowly had sampling been successful beyond approximately 2 hr. 


No back-transfer of drug was observed from the plasma into the iso- 
lated stomach, duodenum, jejunum, or ileum after intravenous admin- 
istration at  0 and 60 min. This finding indicates that the disappearance 
results of pralidoxime from the various areas of the GI tract of the dog 
were measures of absorption. The in situ preparation used in studying 
absorption from the various areas of the GI tract of the dog appears to 
be a good technique and provides a means of kinetically following drug 
disappearance from the isolated area. 


After absorption in certain isolated areas of the GI tract was observed, 
studies were conducted to investigate absorption of drug in the intact 
animal following oral administration. No absorption occurred in pento- 
barbital-anesthetized dogs; this result may possibly be explained in terms 
of the lack of absorption from the stomach. In the anesthetized dog, 
stomach emptying may be delayed or eliminated, preventing drug ab- 
sorption from the intestinal tract. In the unanesthetized dog, stomach 
emptying is not affected and, therefore, absorption occurs. 


Plasma levels after oral administration of both dosage forms to un- 
anesthetized dogs were described by Eq. 2. Evaluation of the data showed 
that the terminal phase of the plasma level-time profile represented the 
apparent absorption rate constant rather than the elimination rate 
constant. This effect can occur if absorption is slower than elimination 
(25). The rate constants were assignable since the elimination rate con- 
stant was known from the prior intravenous study. 


Byron and Notari (26) clearly demonstrated the problems associated 
with assignment of rate constants when absorption is assumed to be rate 
limiting. In  recognition of these problems, the use of apparent absorption 
rate constants was adopted. 


The mean apparent absorption rate constants after oral administration 
of drug in solution and as tablets were 7.26 X and 7.32 X 10-3 min-1, 
respectively. These values are of the same magnitude as the apparent 
absorption rate constant obtained from the jejunum, 7.89 X min-I. 
This result suggests that absorption may occur principally from the je- 
junum, as would be predicted since the jejunum constitutes the major 
portion of the small intestine. However, the isolated ileal experiments 
showed a faster absorption rate constant. Therefore, if drug is still 
available during intestinal transit, it could also be absorbed in this re- 
gion. 


This discussion may provide an explanation for the discrepancy be- 
tween the reported constants after intravenous and oral administration 
of pralidoxime salts in humans. Elimination rate constanta of 0.010 (15). 
0.00973 (18). and 0.0089 ( 1 7 )  min-1 were reported after intravenous ad- 
ministration while values of 0.0047 (10). 0.0068 (9), and 0.0068 (27) min-l 
were found after oral administration. Sidell et al. (27) utilized the usual 
one-compartment open model with a first-order absorption equation to 
obtain values for the various constants. However, the assignments were 
in error since the elimination rate constant was larger than the absorption 
rate constant. Reevaluation of the data in the oral studies indicated that 
the elimination rate constants were 0.0122 (lo),  0.0133 (9). and 0.0112 
(27) mind’. respectively. These values are of the same magnitude as those 
obtained following intravenous administration, suggesting that the re- 
ported constants are apparent absorption rate constants. 


No statistically significant difference was observed in rate constants 
obtained after oral administration of drug in solution and as tablets to 
dogs. A difference between the area under the curve obtained with the 
solution and with tablets was observed. This result indicated that, al- 
though the absorption rate was not affected, the drug was less available 
from the tablet dosage form. 


Since the same dogs were not used in the oral and intravenous studies, 
only an approximate measure of the bioavailability of drug from the so- 
lution and tablet dosage forms could be obtained. 


The results indicate that although pralidoxime is a charged molecule, 
considerable intestinal absorption occurs, supporting similar evidence 
reported by Levine and Steinberg (7). 


After intramuscular administration, however, the opposite is observed. 
Reasonable plasma levels are obtained with a dose of 150 mg, and the 
descending portion of the plasma level-time curve corresponds to ap- 
parent elimination since absorption is rapid. Ccnerally after intramus- 
cular administration of drugs in aqueous solution, absorption is rapid 
and complete. An elimination rate constant of 0.0093 min-l was reported 
in humans (15) as compared to a mean of 0.0146 min-1 obtained in this 
investigation. 


Elimination with intravenous, intramuscular, and oral administration 
was rapid. Comparison of apparent elimination rate constants for dif- 


ferent routes of administration indicates no significant difference in these 
values. 


In the dog, large oral doses of drug apparently are necessary to achieve 
measurable plasma levels since elimination occurs a t  a faster rate than 
absorption. This conclusion can be reached only after comparison of in- 
travenous and oral administration. Low plasma pralidoxime levels may, 
therefore, result from slow absorption coupled with rapid elimination 
rather than negligible or poor absorption. In contrast, after intramuscular 
administration, absorption is more rapid than elimination and low doses 
produce measurable plasma levels. 


CONCLUSIONS 


The results suggest that, in dogs, pralidoxime i s  absorbed best in the 
jejunal and ileal areas of the small intestine. Absorption from the isolated 
stomach and duodenum is negligible. Based on the results of intravenous 
and oral administration, it was concluded that although there is rea- 
sonable bioavailability of drug from oral dosage forms, low plasma levels 
are observed due to more rapid elimination than absorption. The reverse 
was observed with intramuscular administration. 
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Abstract  0 N-(DiethylaminoethyI)-4-~ubstituted aminobenzoate 
quaternary salts, N-(diethyIaminoethyl)-4-~ubstituted aminobenzamide 
quaternary salts, 4-substituted acylaminobenzamide quaternary salts, 
and 4-substituted acylaminosalicylamide derivatives were prepared and 
tested for antispasmodic activity. Preliminary pharmacological tests on 
isolated guinea pig ileum revealed that the new compounds possess 
nonspecific inhibitory action on smooth muscles. 


Keyphrases Aminobenzoic acid derivatives-quaternary salts syn- 
thesized, antispasmodic activity evaluated Quaternary salts-of 
aminobenzoic acid derivatives synthesized, antispastnodic activity 
evaluated 0 Antispasmodic activity-quaternary salts of various ami- 
nobenzoic acid derivatives evaluated Structure-activity relation- 
ships-quaternary salts of aminohenzoic acid derivatives evaluated for 
antispasmodic activity 


Studies based on the empirical structural scission of the 
atropine molecule indicated that it did not have a highly 
specific action. The tropine moiety is a complex amino 
alcohol that can be simplified but still retain the anti- 
spasmodic activity. 


Many parasympatholytic drugs possess potent anti- 
spasmodic activity and show some structural resemblance 
to acetylcholine; a t  least a tertiary nitrogen atom is needed - 


for activity. Moreover, quaternization of some antispas- 
modics resulted in significant variations in activity, in- 
cluding enhancement, duration, and toxicity. 


The discovery of smooth muscle relaxant properties 
among many N-substituted 4-aminobenzoate esters and 
amides (1, 2) inspired the preparation of some analogs 
derived from 4-aminobenzoic and 4-aminosalicylic 
acids. 


The present paper reports the synthesis of some N -  
(diethylaminoethyl)-4-substituted aminobenzoate qua- 
ternary salts, N-(diethylaminoethyl)-4-substituted ami- 
nobenzamide quaternary salts, 4-substituted acylamino- 
benzamide quaternary salts, and 4-substituted acylami- 
nosalicylamide derivatives and their evaluation for anti- 
spasmodic andlor cardiovascular effects. 


RESULTS AND DISCUSSION 


Synthesis-The key intermediates, 4-suhstituted acylaminobenzoyl 
chlorides (Ia-Id, Table I) ,  were prepared by the classical method using 
thionyl chloride and the appropriate acid. N-(Diethylaminoethy1)-4- 
substituted aminobenzoate derivatives (IIIa-IIIo, Scheme I and Table 
11) were prepared by: Method A, condensation of the appropriate acid 


m 
RCOCI - H , N ~ O O C H , C H , N ( C , H , ~  - RCOHN -(Q)-coocH,cH,N(c,H,~ 
Ia-Id 


II I11 a-  1110 \ I  


Iv 1 V a - V  b 


VI 
i i i 


VII VIIIa-VIIIr: Z = H 
IXa-IXe: Z = OH 


Scheme I 
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Table I-Acyl 4-Aminobenzoic Acids 


Com- Yield, Melting Analysis, % 
Dound R % Point' Formula Calc. Found 


~ 


Ia 2-CIC6H4 72 262-263' C14H10ClN03 c 61.0 60.6 
H 3.6 3.3 
CI 12.9 13.1 
N 5.1 5.1 


H 3.6 3.9 
Cl 12.9 13.3 
N 5.1 4.6 


H 3.6 3.4 


Ib 3-CICeH4 78 267-268' C14H10ClN03 C 61.0 61.2 


IC 4-CIC6H.g 76 270-272' C ~ ~ H ~ O C I N O ~  C 61.0 60.7 


N 5.1 4.7 
Id 1-Naph- 85 275-277' C1sH13N03 C 74.1 74.1 


thy1 H 4.5 5.0 
N 4.8 5.0 


0 All compounds were crystallized from ethanol 


chloride with procaine hydrochloride in cold aqueous sodium carbonate 
solution; Method B, condensation of the appropriate acid chloride with 
procaine hydrochloride in dry benzene in the presence of sodium bicar- 


Table  11-4-Substituted Acylaminobenzoate Derivatives 


bonate; or Method C, condensation of the appropriate acid with procaine 
base in chloroform solution using dicyclohexylcarbodiimide. 
N-(Diethylaminoethyl)-?-substituted aminobenzamide derivatives 


(Va and Vb, Scheme I and Table 11) were prepared similarly using 
Methods A, B, and D, which involve treatment of procainamide with the 
appropriate acid chloride in dry pyridine. 4-Substituted acylamino- 
benzamide derivatives (VIIIa-VlIIr, Scheme I and Table 11) were pre- 
pared using Methods Band D. The compounds were quaternized using 
ethyl iodide in dry ether. 4-Substituted acylaminosalicylamide derivatives 
(IXa-IXe, Scheme I and Table 11) were prepared using Method B. 


The structures were substantiated by IR, PMR, and mass spectro- 
metric studies of representative members of the series. 


Pharmacology-Testing of the antispasmodic activity (3) of IIIc, IIIe, 
IIIg, Va, Vg, and IXc was carried out on isolated guinea pig ileum. All 
compounds tested inhibited contraction produced by standard sub- 
maximal doses of acetylcholine, histamine, or serotonin, with no speci- 
ficity toward any of these spasmogens. The results showed that the tested 
compounds might possess considerable nonspecific inhibitory action on 
smooth muscles similar to that of procaine hydrochloride. 


A comparative study of IIIc, IIIe, IIIg, Va, Vg, and IXc with a similar 
molar concentration of procaine hydrochloride was then conducted. All 
tested compounds were more potent smooth muscle relaxants than 
procaine, as shown by their antagonistic effects on acetylcholine-induced 
contractions (Table 111). 


\ 
2 


Yield, Melting Analysis, % 
2 % Point Formula Calc. Found 


Com- 
pound RI 


IIIa 
IIIb 


IIIc 


IIId 


1114 


IIIf 


lIIg 


IIIh 


IIIi 


IIIj 


IIIk 


1111 


IIIm 


IlIn 


1110 


Va 


H 
H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


65 
55 


65 


60 


70 


80 


65 


78 


54 


40 


82 


40 


55 


80 


82 


65 


78' 
176-177' 


130-131' 


178-179' 


187-188' 


180-181' 


145-146' I 


194-196' 


141-142' 


86-87' 


146-147' K 


117-118' 


147-148' P 


179-180' P 


157-158' 


140-142' 


C 
H 
N 
C 
H 
C 
H 
N 
C 
H 
CI 
N 
C 
H 
N 
C 
H 
CI 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
CI 
N 


- 


53.2 
5.9 
5.6 


64.1 
6.2 


49.8 
5.3 
5.3 


58.4 
5.9 


17.2 
6.8 


49.8 
5.3 
5.3 


64.1 
6.2 
9.5 
7.5 


49.8 
5.3 
5.3 


55.6 
5.0 


12.0 
68.1 
7.1 
7.5 


54.1 
4.9 


11.7 
52.4 
6.1 
5.3 


73.8 
6.7 
7.2 


58.1 
4.7 


11.3 
57.3 
5.5 
5.1 


64.3 
6.5 
9.5 


11.2 


- 
53.2 
5.5 
5.7 


63.7 
6.3 


50.2 
5.2 
5.5 


58.6 
5.5 


17.6 
6.8 


49.8 
4.8 
5.0 


64.3 
5.8 
9.4 
7.9 


50.2 
5.7 
5.2 


55.6 
5.3 


12.2 
68.1 
7.0 
7.3 


54.1 
5.0 


11.8 
52.8 
5.7 
5.5 


73.5 
6.5 
7.4 


58.3 
4.8 


11.1 
57.0 
5.1 
5.5 


64.7 
6.2 


10.0 
11.7 


(continued) 
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- Table 11-Continued 


Com- Yield, Melting Analysis, % 
pound Ri 2 % Point Formula Calc. Found 


Vb 
VIIIa 


VIIIb 


VIIIC 


VIIId 


VIIIe 


VIIIf 


VIIIg 


VIIIh 


VlIIi 


VlIIj  
VIIIk 


VIlIl 


VIIlm 


VIIIn 


VIIIO 


VIlIp 


VIIIq 


VIIIF 


IXa 


IXh 


IXC 


IXd 


IXe 


Pyrrolidino 


Piperidino 


Morpholino 


N-Methylpiperazino 


N(C2H5)z 


Piperidino 


Morpholino 


N-Methylpiperazino 


N-Methylpiperazinoethiodide 
Pyrrolidino 


Piperidino 


Morpholino 


Morpholi no 


N-Methylpiperazino 


Piperidino 


Morpholino 


N-Methylpiperazino 


NHCsH7 


NHC4Hg 


Piperidino 


Morpholino 


N-Methylpiperazino 


H 
H 


H 


H 


H 


H 


H 


H 


H 


H 


H 
H 


H 


H 


H 


H 


H 


H 


H 


OH 


OH 


OH 


OH 


OH 


75 
78 


72 


80 


70 


75 


72 


75 


80 


65 


65 
78 


82 


76 


56 


25 


77 


66 


35 


85 


80 


72 


40 


58 


Sub. 64' I 


203-204' J 


173-175' g 


210-211' J 


167-168' J 


130-131' J 


217-219' J 


186-187' J 


179-181" R 


132-133' 


201-202' 
178-179' 1 


187-188' I: 


207-208' 


177-178' K 


196-197' 


195-196' 


185-186" R 


205-206' 


168-169" I 


196- 198' J 


190-192' I: 


224-225' 


237-238" 


N 
C 
H 
CI 
N 
C 
H 
CI 
N 
C 
H 
CI 
N 
C 
H 
CI 
C 
H 
CI 
C 
H 
c1 
N 
C 
H 
CI 
N 
C 
H 
CI 
N 
C 
H c1 
N 
CI 
C 
H 
CI 
N 
C 
H 
CI 
N 
C 
H 
CI 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N c 
H 
N 
C 
H 
N 
c 
H 
N 
C 
H 
N 
C 
H 
N 


7.9 
65.4 
5.8 


10.7 
8.5 


65.8 
5.2 


10.8 
8.5 


66.6 
5.6 


10.4 
8.2 


62.7 
5.0 


10.3 
63.8 


5.6 
9.9 


65.4 
5.8 


10.7 
8.5 


66.6 
5.6 


10.3 
8.2 


62.7 
5.0 


10.3 
8.1 


63.8 
5.6 
9.9 


11.7 
6.9 


65.8 
5.2 


10.8 
8.5 


66.6 
5.6 


10.4 
8.2 


62.7 
5.0 


10.3 
8.1 


67.1 
5.9 
8.2 


68.0 
6.6 


11.9 
77.1 
6.2 
7.8 


73.3 
5.6 
7.8 


74.0 
6.2 


11 .a 
68.4 
6.1 
9.4 


69.2 
6.5 
9.0 


70.4 
6.2 
8.6 


66.2 
5.6 
8.6 


67.2 
6.2 


12.4 


8.2 
65.0 
6.1 


10.9 
8.8 


65.6 
5.2 


11.2 
8.7 


66.4 
5.4 


10.8 
8.6 


63.1 
5.4 


10.1 
63.6 


5.8 
9.9 


65.5 
5.4 


11.0 
8.2 


67.0 
6.0 
9.9 
7.8 


63.0 
5.0 


10.8 
8.0 


63.4 
5.6 


10.0 
11.3 
7.2 


65.7 
4.8 


11.3 
8.3 


66.5 
6.0 


10.7 
7.8 


62.4 
5.4 
9.8 
8.5 


66.9 
6.1 
7.9 


68.2 
6.6 


11.7 
76.9 
6.3 
7.6 


73.2 
5.6 
8.1 


73.6 
6.2 


10.8 
68.3 
6.2 
9.0 


68.8 
6.7 
8.6 


70.1 
5.8 
8.5 


66.4 
5.7 
8.8 


66.7 
6.0 


12.4 


Known cwnpound ( i l ) .  Recrystallized from methanol-ether. Recrystallized from benzene. Recrystallized from methanol-acetone. Recrystallized from met h- 
Recrystallized from benzene petroleum ether (bp 40-80"). i Recrystallized from ethyl anol- benzene. I Recrystallized from methanol. 8 Recrystallized from ethanol. 


acetate. Recrystallized from dilute ethanol. Recrystallized from ethyl acetate-petroleum ether (bp 40-60'). 
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Table 111-Smooth Muscle Relaxant Activity of Some of the 
Tested Compounds Compared to Procaine Hydrochloride 


Cornnoundo Mean Reductionb ResDonseC. % i SE 
~~~~ ~ 


Procaine hydrochloride 
IIIC 
IIIe 


~~ ~ 


6.5 f 1.18 
60.0 f 1.30 
30.3 f 1.36 
24.0 3~ 1.41 - 
48.6 f 1.21 
99.6 f 1.50 
94.0 f 1.17 


0 The concentration used was 3 X 10-6 mole/ml. A ueous solutions were used. 
*Average of three experiments. c Concentration prJuced by acetylcholine (0.2 
rglml). 


EXPERIMENTAL' 


General Method (4) for Preparation of Substituted Acyl-rl-ami- 
nobenzoic Acids (Ia-Id)-To a solution of 4-aminobenzoic acid (5.5 
g, 0.04 mole) in 25% NaOH (100 ml) was added, with stirring, the ap- 
propriate acid chloride (Ia-Id) (0.04 mole). The mixture was shaken 
vigorously for 15 min, cooled, and acidified with hydrochloric acid. The 
crude product thus obtained was filtered, washed with water, and re- 
crystallized from the proper solvent. 


IR spectra of these acids showed peaks at 3300 (NH), 2700-2540 (OH), 
J705 (aromatic COOH), and 1680,1530, and 1260 (amide I, 11, and I11 
bands, respectively) cm-'; mass spectrometry of Ia: m/e (relative in- 
tensity) 275 (M+, 96), 276 (M+ + 1,31), 258 (M - OH, 9), 200 (13), 144 


111 (CsH4Cl+, 84), 100 (18), 76 (C&4+, 131, and 75 (44). 
N-(Diethylaminoethyl)-4-substituted Aminobenzoates (IIIa- 


1110)-Method A (4)-To a cold aqueous solution of procaine hydro- 
chloride (11) (0.01 mole) in water (50 ml) was added slowly, with stirring, 
the appropriate Ia-Id (0.01 mole). The mixture was rendered alkaline 
with sodium carbonate, and stirring and cooling were continued for 30 
min. The semisolid product obtained was extracted with ether, dried, 
filtered, and recrystallized from the proper solvent or converted to the 
hydrochloride salt by passing dry hydrogen chloride through the ethereal 
solution. 


Method B-A mixture of I1 (0.01 mole), the appropriate Ia-Id (0.01 
mole), and sodium bicarbonate (0.02 mole) in dry benzene (50 ml) was 
refluxed for 1-2 hr and filtered. The product was recrystallized from the 
proper solvent. 


Method C (&?)-A solution of 11 (0.01 mole) in water (10 ml) was made 
alkaline with ammonium hydroxide solution, and the liberated procaine 
base was extracted with chloroform. To the dry chloroform solution, 
N,N'-dicyclohexylcarbodiimide (0.01 mole) and the appropriate acid 
(0.01 mole) were added with cooling to 0' for 1 hr. Then the reaction 
mixture was left at room temperature overnight and filtered from the 
precipitated dicyclohexylurea. The filtrate was concentrated under re- 
duced pressure, and the product was converted to the picrate salt. 
N-(Diethylamioethyl)-4-substituted Aminobenzamides (Va and 


Vb): Method D (9,lO)-To a cooled, stirred solution of procainamide 
hydrochloride (IV).(0.005 mole) in dry pyridine (5 ml) was gradually 
added a cold solution of the appropriate Ia-Id (0.005 mole) in dry pyri- 
dine (5 ml) over 15 min. Stirring and cooling were continued for I hr, 
pyridine was removed under reduced pressure, and the residue was 


(16), 142 (ZO), 141 (98), 140 (56), 139 (C7H&IO+, 100), 127 (33), 113 (44), 


1 IR spectra were determined on a Beckman IR-4210 88 Nujol mulls. PMR spectra 
were determined on a Perkin-Elmer R12 spectrometer with tetremethylsilane as 
the internal standard. Mass spectra were determined usin an AEI MS9 spec- 
trometer. Melting points were determined in open glass capiaaries and are uncor- 
rected. Microanalyses were performed by the Microanalytical Unit, Faculty of 
Science, University of Cairo, Cairo, Egypt. 


treated with ice cold water. The white precipitate thus obtained was 
collected, washed with water, and recrystallized from the proper sol- 
vent. 


The IR spectra of Va showed a peak at  3340-3250 cm-I indicative of 
NH (a secondary amide) and an amide I band at  1680 cm-l. The PMR 
spectrum of Va (CDCl3) exhibited peaks at  8 0.81-0.96 (t, 6H, 2CH3), 
2.2-2.5 [q, 6H, CH2N(CH&], 3.2 (q, 2H, C-2 of ethylenediamine), 6.2 (b, 
lH, NH), and 7.0-7.5 (m, 8H, aromatic) ppm. 


Quaternary !3al&To a solution of the amino compound (0.01 mole) 
in dry ether (50 ml) was added ethyl iodide (0.01 1 mole), and the mixture 
was stirred at room temperature for 24 hr. Ether was evaporated, and the 
product was recrystallized from the proper solvent. 


4-Substituted Acylaminobenzamides (VIIIa-VII1r)-These 
compounds were prepared following Methods B and D. Their IR spectra 
showed a peak at 334042Sd~m-~  indicative of NH (a secondary amide) 
and an amide I band a t  1680 cm-l. 


Mass spectrometry of VIIIe indicated m/e (relative intensity) 357 (M+, 
51, 258 (M+ - CsHiiN2+, 5), 218 (C12Hi&"O+, 3), 141 (45), 140 
(C7HsCIO,14), 139 (C,HrCIO+, loo), 113 (12), 111 (CsH4Cl+, 381, 100 
(C5HizNz,20), 99 (C5HiiNz+, 6),91 (CsHsN', 8),76 ( c P 4 + ,  121, and 75 
(C&3+,  22). The PMR spectrum of VIIIe (dimethyl sulfoxide-ds) ex- 
hibited peaks a t  8 2.25 (s,3H, CH3N-4), 2.33-2.4 (d, 4H, C3 and Cs pi- 
perazine), 3.45-3.6 (t, 4H, CZ and c& piperazine), 7.33-7.9 (m, 8H, aro- 
matic), and 10.67 (s, lH, NH) ppm. 


The PMR spectrum of VIIIb (CDC13) exhibited peaks at 8 1.88 (m, 4H, 
C3 and C4 pyrrolidine), 3.45-3.5 (d, 4H, Cz and Cb pyrrolidine), and 
7.37-8.16 (m, 8H, aromatic ) ppm. 


The PMR spectrum of VIIIg (CDCl3) exhibited peaks at  8 1.29-1.65 
(t, 6H, CB and C4 piperidine), 3.55 (s,4H, CZ and Ce piperidine), 7.25-8.06 
(t, 7H, aromatic), and 9.4 (s, lH,  C2 of 3-chlorobenzoyl) ppm. 


The PMR spectrum of VIIIi (CDC13) exhibited peaks at  8 2.3 (s,3H, 
CH3N-4),2.36-2.38 (d, 4H, C3 andC5 piperazine), 3.59 (b, s, 4H, Cp and 
cg piperazine), 7.26-7.94 (m, 7H, aromatic), and 8.57 (8, lH,  C2 of 3- 
chlorobenzoyl) ppm. 


4-Substituted Acylaminosalicylamides (IXa-1Xe)-These com- 
pounds were prepared following Method B. 


REFERENCES 


(1) M. Ghelardoni, V. Pestellini, N. Pisanti, and G. Volterra, J. Med. 


(2) M. Ghelardoni, F. Russo, N. Pisanti, and G. Volterra, U.S. pat. 


(3) G. S. Barsoum and J. H. Gaddum, J. Physiot. (London), 85.1 


(4) N. 0. V. Sonntag, Chem. Reu., 52,272 (1953). 
(5) H. 0. Khorana, ibid., 67, 107 (1967). 
(6) J. C. Sheehan and C. P. Hess, J. Am. Chem. SOC., 77, 1067 


(7) J. C. Sheehan and K. R. Henery, ibid., 81,3089 (1959). 
(8) H. Brauniger and W. Delzer, Pharmazie, 20,279 (1965). 
(9) A. Einhorn and E. Uhlfrder, Justus Liebigs Ann. Chem., 371,131 


Chem., 16,1063 (1973). 


3,536,723 (1970); through Chem. Abstr., 72,100318g (1970). 


(1935). 


(1955). 


(1909). 
(10) J. A. Mills, J. Chem. SOC., 1951,2332. 
(11) J. L. Regnier, Chem. Abstr., 32,1051 (1938). 


ACKNOWLEDGMENTS 


The authors thank Mr. S. Mousa, Department of Pharmacology, 
Faculty of Pharmacy, University of Alexandria, Alexandria, Egypt, for 
the pharmacological evaluations. They also thank Dr. K. R. L. Mansford, 
Beecham Pharmaceuticals, United Kingdom, for the spectral determi- 
nations. 


Journal of Pharmaceutical Sciences I 335 
Vol. 68, No. 3, March 1979 












Synthesis of 3-Hydroxy-3-phenacyloxindole Analogs 


F. D. POPPx and B. E. DONIGAN 


Received April 24, 1978, from the Department of Chemistry, Uniuersity of Missouri-Kansas City, Kansas City, MO 64120. 
publication September 11, 1978. 


Accepted for 


~~ 


Abstract 0 Substituted isatins and substituted acetophenones were 
condensed to give analogs of 3-hydroxy-3-phenacyloxindole. These al- 
cohols were dehydrated, and the alkene was reduced. None of the prod- 
ucts had the level of anticonvulsant activity exhibited by the parent 
compound. 


Keyphrases 0 3-Hydroxy-3-phenacyloxindole analogs-synthesized 
as potential anticonvulsanta 0 Isatins, substituted-condensed with 
substituted acetophenones to give 3-hydroxy-3-phenacyloxindole analogs, 
screened for anticonvulsant activity 0 Acetophenones, substituted- 
condensed with substituted isatins to give 3-hydroxy-3-phenacyloxindole 
analogs, screened for anticonvulsant activity 0 Anticonvulsant activ- 
ity-screening of 3-hydroxy-3-phenacyloxindole analogs 


3-Hydroxy-3-phenacyloxindole (I) (1) and the related 
Compound I1 (2) were synthesized by condensation of 
isatin with the appropriate methyl ketones. Both I and 11 
exhibited anticonvulsant activity in the maximal electro- 
shock seizure test'. This paper reports on the synthesis and 
screening of various analogs of I. 


DISCUSSION 


With the procedure of Lindwall and coworkers (1,2), a number of isatin 
derivatives were condensed with a number of acetophenones to give 3- 


Anticonvulaant and anticancer screenings were carried out through the National 
Institutes of Health and antimalarial and antitrypansomiasis screenings were 
carried out through the Walter Reed Army Medical Center. The standard protocols 
of these groups were followed. 


hydroxy-3-phenacyloxindoles (Table I) of type 111. Dehydration of I11 
gave 3-phenacylidene-2-indolinones (Table 11) of type IV, which were 
reduced to 3-phenacyl-2-indolinones (Table 111) of type V. 


Although I (1 in Table I) was active at  both 100 and 300 mghg in the 
maximal electroshock seizure test, all other compounds in Tables 1-111, 
except 3 and 14, were inactive a t  300 mghg in both that screen and the 
pentylenetetrazol seizure threshold test'. Compounds 14, formed from 
isatin and 2-acetylpyridine, and 3, formed from 1-piperidylmethylisatin 
and acetophenone were both active at  300 mg/kg in the maximal elec- 
troshock seizure test. 


The Schiff base (VI) derived from isatin and 4-aminoacetophenone 
was also inactive as an anticonvulsant. 


Some of the compounds submitted for other screening were found to 
be inactive'. Compounds 2,5,6, and 18 were inactive at  640 mghg in an 
antimalarial screen; 1 and 25 were inactive in an antitrypansomiasis 


I: R=C,,H, 
11: R-CH, 


VI 


Table I-Reaction of Isatins with Methyl Aryl Ketones (Type 111) 


Compound R Ar Point" % Formula Calc. Found cm-1 
Melting Yield, Analysis, 96 IR (KBr), 


1 
2 
3 


4 
5 
6 
7 
8 


9 


10 


11 
12 
13 
14 


15 


16 


17 


H 
l-CH3 
l-CHzC5HloN 


5-Br 
5-CH3 
5-NO2 
5,7-(CH3)2 
6-CI 


H 


H 


H 
H 
H 
H 


H 


H 


H 


2-Pyr;ddyi 


3-Pyridyl 


3-Indolyl 


Ferrocen yl 


173-175"* 
173-175" 
143-145' 


220-221' 
189-1 90' 
230-232' 
181-182" 
209-2 1 1 ' 
185-186' 


209-211" 


189-192'" 
184-186'e 
197-199'1 
159-160' 


144- 146' 


180' 


190' 


80 
84 
71 


79 
81 
63 
68 
48 


68 


90 


88 
94 
97 
57 


17 


61 


93 
N 


CzoH17FeN03 C 
H 
N 


- 
4.98 


72.50 
6.64 
4.05 
4.98 
8.97 
4.74 


63.69 
4.01 


61.54 
3.87 


71.98 
6.33 
- 
- 
- 
67.17 
4.51 


67.15 
4.51 


70.58 
4.61 
9.15 


64.02 
4.57 
3.73 


- 
4.84 


72.19 
6.45 
4.02 
4.92 
8.91 
4.67 


63.63 
4.07 


61.41 
3.74 


71.95 
6.37 - 
- 
- 
67.01 
4.55 


67.20 
4.42 


70.65 
4.65 
8.88 


64.01 
4.65 
3.66 


3350,1710,1680 


3300,1685-1695 
- 


3250,1680-1705 
3325,1710,1670 
3250.1705.1675 
3300; 1705; 1665 
3300,1710,1680 


3200-3400,1720,1690 


3375,1700,1660 


3350,1710,1670 
3360,1700,1665 
3350,1665-1700 
3250,1680-1710 


3275,1705,1690 


3250-3300,1695-1710 


3350,1700,1650 


Recrystallized from ethanol. 
at 175" and melts at 197-199O).  


b Lit. (1) mp 169-172'. Lit. (1) mp 168-170O. d Lit. (1) mp 18b1860. Lit. (1) mp 18G187'. f Lit. (1) mp 175-176' (material softens. 
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0 
II 


Table  11-Dehydration of Dioxindoles (Type IV) 


ComDound R Ar 
Melting Yield, 
Point" 96 Formula 


Analysis, ok) IR (Kyr) ,  
Calc. Found cm- 


~~ 


18 H CsHa 192-194'* 81 CieHiiNOi - - 1710,1660 
19 5-Br CfiH: 204-205' 92 C1,jHlnHrNOl C 58.56 58.72 1710,1665 


H 2n7 3 15 _ _  - _ _  
20 5-CHJ CsHa 174-175' 67 CI~HIJNOL C 77.55 77.52 1705,1655 


21 5-NO2 CfiH5 230-231' 85 ClfiHioN204 C 65.30 6536 1705, 165s 
H 4.98 5.04 


H 3.42 3.42 
22 5,7 -(CH:$)2 &Ha 225-226' 92 C IRH 1 sN02 C 77.96 77.91 1705,1670 


23 6-C1 CsHs 250-251' 95 C1,jHlnClNOr C 67.73 67.89 1710,1660 


24 H 3-Indolyl 294-295' 92 Cl~H12N202 C 74.99 74.85 1705 


H 5.45 5.44 


H 3.55 3.47 


H 4.20 4.31 
N 9.72 9.65 


0 HecryshUized from ethaiiol * I.it. (1) mp 193 194'. 


0 
I1 


CH -('--C,H 


Table 111-Reduction to Oxindoles (Type V) H 


Melting Yield, Analysis, ok) IR (KBr), 
Compound n Point a 96 Formula Calc. Found cm-' 


25 H 173-175' 90 C16Hi.iN02 - - 1695,1670 
26 5-Hr 253-254' 74 C16H1&rN02 C 58.20 58.21 1700,1670 


27 5-CH3 210-2110 82 C 1 7 H i d 0 2  C 76.96 76.94 1670-1 700 


28 6-CI 171-17'2' 90 C1r;HlaClNO. C 67.2.5 67.08 1700,1675 


H 3.66 3.69 


H 5.70 5.62 


H 4.23 4.18 


a Recrystallized from ethanol. b Lit .  (1) nip 177' 


screen; 1,4,  16-19.22, 24, and 25 were all inactive a t  400 mg/kg in the 
1,-1210 lymphoid leukemia screen; and 2-5, 11-14,21, and VI were all 
inactive a t  200 mg/kg in the P-388 lymphocytic leukemia screen. 


Preliminary studies on analogs of 11 appear more promising and will 
be reported in detail at a later date. 


EXPERIMENTAL 


Preparation of 3-Hydroxy-3-phenacyloxindoles (111)-Equimolar 
amounts (0.01 mole) of the isatin and acetophenone in 30-50 ml of ab- 
solute ethanol, containing 3-4 drops of diethylamine, were heated a t  
reflux on the steam bath for 30-60 min. After standing for several days 
a t  room temperature, the products (Table I )  were collected by f'iltra- 
tion. 


Conversion of 111 to 3-Phenacylidene-2-indolinones (1V)-A 
mixture of 0.01 mole of II1,O.S ml of concentrated hydrochloric acid, and 
17 m! of acetic acid was heated a t  95' on the steam bath for 15-30 min. 
Ethanol (17 ml) was added, and the mixture was allowed to stand at  room 


temperature. The  products listed in Table I1 were obtained. 
Conversion of IV to 3-Phenacyl-2-indolinones (V)-To 1 g of IV 


in 25 ml of ethanol was added 2 g of sodium hyposulfite in 7 ml of water. 
The mixture was heated a t  95' until the color disappeared and then was 
heated for 7 min more. After filtration, the products listed in Table 111 
were obtained. 


Synthesis of Schiff Base VI-Equimolar quantities of isatin and 
4-aminoacetophenone in absolute ethanol were heated a t  reflux on the 
steam bath for 30 min. After cooling, filtration gave a 90% yield of VI, mp 
257-258' (from ethanol). 


Anal.-Calc. for C I ~ H ~ ~ N & :  C, 72.71; H, 4.58. Found: C, 72.69; H, 
4.54. 


REFERENCES 


(1) H. G. Lindwall and J. S. Maclennan, J .  Am. Chem. SOC., 54,4739 


(2) F. Brande and H. G. Lindwall, ibid , 55,325 (1933). 
(1932). 


520 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 4, April 1979 












GLC Analysis of Theophylline, Hydroxyethyltheophylline, and 
Diphenylpyraline Hydrochloride Syrup 
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Abstract  0 A GLC method for determining theophylline. hydroxy- 
ethyltheophylline, and diphenylpyraline hydrochloride is presented. The 
method permits the separation and quantitative determination of the 
therapeutically active ingredients with a single injection in an overall time 
of approximately 2.5 hr. 


Keyphrases 0 Theophylline-GLC analysis, in syrup 0 Hydroxy- 
ethyltheophylline-GLC analysis, in syrup 0 Diphenylpyraline hydro- 
chloride-GLC analysis, in syrup 0 GLC-analyses, theophylline, hy- 
droxyethyltheophylline, diphenylpyraline hydrochloride 


Analysis of theophylline (I) ,  hydroxyethyltheophylline 
(II), and diphenylpyraline hydrochloride (111) by spec- 
trophotometry and a titrimetric procedure (1)  or a com- 
bination of ion-exchange chromatography and spectro- 
photometry was not applicable because of large amounts 
of ammonium chloride (24 mg/ml) and sodium citrate (10 
mg/ml) contained as ingredients in the syrup formulation. 
This paper presents a uniform and simple GLC method. 


Compounds 1-111 have been determinbd by GLC singly 
and in combination (2 ,3) ,  but their simultaneous quanti- 
tative analysis has never been recorded. The polar nature 
of certain xanthines causes absorption and tailing peaks, 
which complicate quantitative determination. In the 
present study, this problem was resolved by methylating 
t,he xanthine bases in the flash heater of a gas chromato- 
graph with a methanolic solution of their trimethylanili- 
nium salts (4). 


solvent. Each organic extract was filtered through anhydrous sodium 
sulfate into a 250-ml conical flask. The aqueous phase was made alkaline 
with 10% NaOH, and the extraction was continued with two 20-ml and 
two 10-ml portions of chloroform. 


Organic phases were pooled, and the sodium sulfate was rinsed with 
two 10-ml aliquots of Chloroform. Then the combined extracts were 
evaporated in a rotating evaporator a t  45". The residue was redissolved 
in 5 ml of mixed solvent and then pipetted in 20-pl aliquots into vials for 
evaporation a t  room temperature. The residue in each vial was redissolved 
in 30 pl of reagent and then injected' in 1-pl samples into the chroma- 
tograph. 


Sample Preparation-The weight per milliliter was determined, and 
an amount of syrup; equivalent to about 6 ml was weighed in a 50-mI 
beaker. The pH was adjusted to 3.8 after addition of 10 ml of pH 3.8 
buffer. Then the solution was transferred into a 150-ml separator, and 
the beaker was rinsed with small portions of pH 3.8 buffer. Internal 
standard solution, 1 ml, was pipetted into a 150-ml separator and ex- 
tracted according to the Standard Preparation procedure previously 
described. 


RESULTS AND DISCUSSION 


Well-resolved chromatographic peaks were obtained for the three 
active ingredientsand the internal standard (Fig. 1 ) .  The retention times 
of 1-111 and pyrilamine maleate were 3.52, 5.64,7.56, and 9.97, respec- 
t ively, based on freshly prepared solutions. The solution was analyzed 
six times (Table I). 


Precision was also examined by analyzing a production lot of the syrup. 
Each of three replicate extractions was chromatographed five times 
(Table 11). Precision and accuracy data indicate good reproducibility. 
The precision with which diphenylpyraline hydrochloride was deter- 
mined was less than expected when compared to that of theophylline and 


EXPERIMENTAL 


Apparatus-A gas chromatograph' with a flame-ionization detector 
wa? fitted with a 1.8-m X 2-mm i.d. glass column packed with 10% OV-101 
on 80-100-mesh Chromosorb W. 


Reagents*-A commercially prepared 0.2 M trimethylanilinium hy- 
droxide solution3 was used for methylating the xanthine bases. The pH 
3.8 buffer was prepared as follows. Monobasic potassium phosphate, 6.805 
g, was dissolved in 900 ml of water, and the pH was adjusted to 3.8 with 
1% (v/v) phosphoric acid in water. Then the solution was diluted to 1000 
ml with water. The mixed solvent system was chloroform-isopropanol 
(3:l). 


Standard Solutions-To prepare the theophylline standard solution, 
100 mg of anhydrous theophylline USP reference standard was weighed 
and dissolved in 50 ml of pH 3.8 buffer (2 mg/ml). Hydroxyethyltheo- 
phylline (Austria P. grade), 100 mg, was dissolved in 50 ml of pH 3.8 
buffer (2 mg/ml). Diphenylpyraline hydrochloride, 80 mg, was dissolved 
in 50 ml of pH 3.8 buffer (1.6 mg/ml). The internal standard, pyrilamine 
maleate, 100 mg, was dissolved in 100 ml of pH 3.8 buffer (1 mg/ml). 


Chromatography-The oven was programmed a t  21.5-230" at 2'/ 
min. the injection port was set a t  275'. and the detector was set a t  280'. 
The nitrogen carrier flow rate was 15 m l h i n .  Hydrogen and air flow rates 
were adjusted to give maximum response. An attenuation of 10 was re- 
duced to 7 after 4.8 min. 


Standard Preparation-Standard solutions of I (10 ml), I1 (1 ml), 
I11 ( 1  ml). and pyrilamine maleate ( 1  ml) were pipetted into a 150-ml 
separator and extracted with two 25-1111 and two 15-mI portions of mixed 


MINUTES 
Figure I-Typical chromatogram K e y  1 ,  theophylline, 2. hvdroxv- 
ethyltheophylllne; 3, precursorpeok; 4, diphen.vlp?/ra/ine hydrofhloriie; 
and 5 ,  pyrilamine maleate 


Hewlett-Packard 5840-A. 


Pierce Chemical Co., Rockford, 111. 
* All reagents were Analar grade by BIIH 


Microliter syringe, 10 MI,  Hamilton Co.. Reno, Nev. 
The  commercial syrup contained (per 30 ml): theophylline, 100 rng; hydroxy- 


ethyltheophylline. 10 mg; and diphenylpyraline hydrochloride. 8 mg. 
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Table I-Standard Solution 


Theophylline Hydroxyethyltheophylline Diphenylpyraline Hydrochloride 
Sample. mg Recovery, % Sample, mg Recovery, % Trial Sample, mg Hecoverv, '% 


3 
4 
5 
6 
- Mean relative error, 90 x 
SD, 'h, 
RSI).  %I 


100.7 
99.3 


101.5 
98.9 
99.2 
99.1 


1 .26 
100.1 
f1.55 


1 .55 


97.9 
99.1 


100.8 
101.2 
102.1 
99.4 


9.3 
10.7 
11.1 
9.8 


10.5 


98.9 
98.1 
97.3 
98.0 


100.0 
10.5 98.1 


I . 4 3  
98.4 
f0.93 


0.95 


8.6 104.7 
7.9 101.3 
8.1 97.5 
8.3 97.6 
7.9 102.5 
8.4 97.2 


2.63 
100.1 
f3.4 


3.4 


Table 11-Production Lot of Syrup 


Hydroxy- Diphenyl- 
Theo- ethyl- pyraline 
phyl- theo- Hydro- 
line uhvlline chloride 


~ 


Theoretical concentration, mg/30 ml 100.0 10.0 8.0 
S of 15 samples 99.3 10 5 8 3 
R S l )  4, 1.87 1.20 9.50 


hydroxyethyltheophylliiie. 1)iphenylpyraline hydrochloride appeared 
not to undergo any chemical reaction i n  methanol and reaction mixtures 
as shown by the retention time. A preliminary 1-PI injection of reagent 
alone showed a small precursor peak just  before the diphenylpyraline 
hydrochloride peak. This peak may insignificantly affect measurement 
o f  diphenylpyraline hydrochloride. 


Linearity was also determined. Linear curves passing through the origin 


were obtained for solutions containing 40-10016 of the quantities of drug 
ingredients being sought. These curves related the peak area and drug 
roncen tration. 


The initial pH 3.8 of the sample and standard solutions was necessary 
t o  ensure the extraction of theophylline and hydroxyethyltheophyl- 
line. 
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Abstract 0 Two enantiomeric pairs of neuromuscular junction blocking 
agents were prepared in which an asymmetric carbon atom is adjacent 
to an asymmetric quaternized nitrogen moiety. The blncking agents were 
obtained from the enantiomers of laudanosine by stereoselective qua- 
ternization with benzyl and ethyl iodides. Curarimimetic potencies were 
measured with an rn uroo cat hypoglossal nerve-tongue muscle prepa- 
ration. The studies suggest that the asymmetry present in these struc- 
tures does not lead to significant differences in blocking potency between 
enantiomers. 


Keyphrases 0 Enantiomers-benzyl- and ethyllaudanosinium iodides 
synthesized, curarimimetic potencies compared 0 Neuromuscular 
junction blocking agents-enantiomers of benzyl- and ethyllaudanosi- 
nium iodides synthesized, curarimimetic potencies compared 0 Curar- 
imimetic potency-compared in enantiomers of benzyl- and ethyl- 
laudanosinium iodides 0 Quaternary ammonium probes-enantiomers 
of benzyl- and ethyllaudanosinium iodides synthesized, curarimimetic 
potencies compared Structure-activity relationships--enantiomers 
of benzyl- and ethyllaudanosinium iodides, curarimimetic potencies 
compared 


Previous reports (1-4) described stereochemical pref- 
erences exhibited by the neuromuscular junction toward 


nondepolarizing blocking agents having carbon asymmetry 
alpha to quaternary ammonium functionality. Initial 
studies (1) employed monoquaternary structures (hemi- 
curares) as probes and indicated a modest blocking pref- 
erence for the (S)-enantiomers; subsequent investigations 
(2 ,3)  employed bisquaternary probes and indicated that 
the order of blocking preference is ( R )  > ( S )  for these 
structures. Since the quaternary ammonium function is 
the most distinguishing pharmacophore of this pharma- 
cological class, structures having nitrogen asymmetry could 
possess larger enantiomeric potency differences that might 
also be independent of other, more remote structural 
modification. 


An early example of variation in curarimimetic potency 
due to nitrogen asymmetry is the report ( 5 )  that the dia- 
stereomers derived from asymmetric quaternization of 
coniine show small potency differences. Larger potency 
differences were reported for the stereoisomers resulting 
from quaternization of canadine (6,7). Similarly, certain 
optically active inorganic onium ions also showed small 


522 f Journal of Pharmaceutical Sciences 
Vol. 68, No. 4, April 1979 


0022-35491 79f 0400-0522$0 1.0010 
@ 19 79, American Pharmaceutical Assoclation 












Sensitivity of Pseudornonas aeruginosa Envelope Mutants to 
Alkylbenzyldimethylammonium Chlorides 
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Abstract 0 A series of stepwise polymyxin-resistant envelope mutants 
of Pseudomonas aeruginosa was used to test the activity of a homologous 
series (Cl&la) of alkylbenzyldimethylammonium chlorides. A steril- 
ization kinetics procedure in deionized water was devised to avoid 
amounts of quaternary compound above the critical micelle concentra- 
tion. In all cases, there was a linear relationship between the logarithm 
of the rate of change of the colony count with time and the logarithm of 
the homolog concentration. For all strains, there was a linear relationship 
between alkyl chain length and the concentration required to reduce the 
colony count to 10% in 2 hr. The stepwise series of polymyxin-resistant 
strains increased in resistance to polymyxin about threefold for each step. 
In general, this increase resulted in a similar increase in resistance to the 
quaternary compound. It is proposed that death in this system may 
primarily be a consequence of damage to the outer membrane rather than 
to the cytoplasmic membrane. 


Keyphrases 0 Alkylbenzyldimethylammonium chlorides, various- 
antibacterial activity evaluated in series of Pseudomonas aeruginosa 
envelope mutants 0 Antibacterial activity-various quaternary am- 
monium chlorides evaluated in series of Pseudomonas aeruginosa en- 
velope mutahts Quaternary ammonium chlorides, various-antibac- 
terial activity evaluated in series of Pseudomonas aeruginosa envelope 
mutants 0 Structure-activity relationships-various alkylbenzyldi- 
methylammonium chlorides, antibacterial activity evaluated in series 
of Pseudomonas aeruginosa envelope mutants 


The envelope of Pseudomonas aeruginosa and other 
Gram-negative bacteria is profoundly implicated in drug 
resistance (1-3). A series of stepwise polymyxin-resistant 
envelope mutants of P. aeruginosa became resistant to 
several other chemical agents including benzalkonium 
chloride (4). In the present study, this model series was 
used to evaluate the effectiveness of a homologous series 
of alkylbenzyldimethylammonium chlorides (I). A mini- 
mum inhibitory concentration (MIC) test procedure gave 
rise to artifacts due to colloidal association of I ( 5 ) .  Con- 
sequently, a test sensitive enough to avoid amounts of I 
above the critical micelle concentration (CMC) was de- 
veloped. 


In the absence of colloidal association, linear relation- 
ships were found between antipseudomonal activity and 
lipophilicity of the homologs of I. Thus, the universal va- 
lidity of the parabolic relationship reported to exist be- 
tween antibacterial activity and lipophilicity of many 
quaternary ammonium salts is questionable. These results 
are discussed in terms of the two membranes present in the 
envelope of the Gram-negative P. aeruginosa. Death in 
this test system may follow as a consequence of damage to 
the outer membrane rather than primarily being due to a 
disorganized cytoplasmic membrane. 


Since Domagk (6) observed that alkylbenzyldimeth- 
ylammonium chlorides were antibacterial, they have be- 
come accepted as effective agents in aqueous pharma- 
ceutical formulations. The mode of action of these mem- 
brane-active agents was reviewed (7,8); resistance to them 
is associated with their exclusion from the target cyto- 


Table  I-Results and  Storage Procedure for  the Selective 
Training of P. aeruginosa to Polymyxin Resistance 


Culturea Polymyxin, unitdm1 Store 


last + ve = 7.2 
last + ve = 18 


A1 
A2 


A W )  
A1 
A2 last + ve = 48 A3 
A3 last + ve = 180 A4 
A4 last + ve = 560 A5 
A5 last + ve = 2160 A6 
A6 last + ve = 6300 A7 


Each inoculum was lo7 cells. A(W) refers to the wild-type P. aerugtnosa (AI'CC 
9027). Stores were designated as cultures twice washed by centrifugation in the 
simple salts medium free of polymyxin, subcultured in this medium, and kept at 
20". 


plasmic membrane (1,9, 10). A literature review (5) sug- 
gested that many studies of benzalkonium chloride activity 
were carried out in a concentration range above the CMC. 
Consequently, some reported parabolic lipophilicity- 
activity relationships may be artifacts. 


EXPERIMENTAL 


To measure the antimicrobial activities of a series of alkylbenzyldi- 
methylammonium chlorides (I) against polymyxin-resistant P. aerugi- 
nosa, an initial study was performed using an MIC test procedure. Al- 
though reproducible end-points could be determined for the wild-type 
organism and also for organisms having low resistance to polymyxin, it 
was not possible to obtain end-points for the higher order polymyxin- 
resistant strains even when extremely high concentrations of the qua- 
ternary compound were used. In part, this result was attributed to micelle 
formation of these surface-active molecules interfering with the system 
(5), the effect being compounded by the presence of high concentrations 
of nutrient salts in the test environment. Therefore, a sterilization kinetics 
procedure was developed in which a salt-free environment existed; it was 
intrinsically more sensitive to the action of the compounds. Under these 
circumstances, artifacts in activity of I due to micelle formation were 
avoided. 


Polymyxin B Sulfates-Freeze-dried powder1 was reconstituted by- 
dissolution in sterile deionized distilled water, stored a t  loo, and used 
within 2 weeks of reconstitution. 


Chemically Defined Media-Simple salts (as previously defined) 
giving oxygen-depleted liquid cultures (5) were used unless otherwise 
stated. 


Organism-P. aeruginosa (ATCC 9027), originally obtained as a 
freeze-dried culture; was resuspended in nutrient broth, subcultured into 
the chemically defined medium, and stored a t  10' on this medium so- 
lidified with agar. 


Alkylbenzyldimethylammonium Chlorides* (1)-Four homologs 
having alkyl chain lengths of 10,12, 14, and 18, with their purity as pre- 
viously described (5), were studied in detail. 


Selection of Resistant Variants-To produce a series of strains with 
a regularly changing and reproducible resistance to polymyxin, a training 
procedure in the chemically defined medium was used. The method in- 
volved a fixed inoculum of lo7 cells and fixed volumes of medium con- 
taining a range of concentrations of polymyxin differing in amount by 
an arbitrary 20%. The inoculum consisted of an oxygen-depleted culture 


Donated b Dr J. D. Gurney, Wellcome Research I.aboratories, Beckenham. 
Kent, England: ' 


2 Donated by Dr. R. A. Cutler, Sterling-Winthrop Research Institute, Rensselaer. 
N.Y. 
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Table 11-Regression and Correlation Coefficients fo r  Eq. 2. 


Level of Resistance to Polymyxin B Sulfate 
Wild-Type Organism 130 u n i t s h l  500 unitslml 1750 unitslml 


n b N r  a b N r  a b N r  (1 b N r  


. . . ~ ~  . ~~ ~~~ ~ ~ . -  . ~~~ 


12 2.411 9.704 0.987 1.665 6.408 4 0.992 1.625 5.092 5 0.973 2.521 7.415 4 0.928 
14 2.449 11.244 5 0.989 2.262 10.621 5 0.995 2.295 8.912 5 0.991 1.585 4.927 5 0.984 
18 0.786 2.964 6 0.933 0.990 4.335 4 0.948 1.433 6.315 5 0.992 1.734 7.149 5 0.992 
0 The n is the carbon number of the alkyl chain of the quaternary ammonium salt, a and b are the regression coefficients tor the expression, and N and r are the number 


of data points used and the correlation coefficient. respectively. 


of P. aeruginosa adjusted to loR  cellslml from optical density measure- 
ments with a spectrophotometer3. The end-point was selected by incu- 
bating the test tubes a t  37' for 7 days. 


Cells from the tubes containing the highest concentration of polymyxin 
permitting growth were used as the inocula for the subsequent production 
of the next resistant step. A sample of such cells was washed twice in the 
growth medium after centrifugation, grown overnight, and designated 
as stores; such stores were kept a t  20'. Stores were subcultured weekly 
into fresh medium, and the MIC of polymyxin against the subculture was 
checked monthly. If cells were needed from a store for subsequent ex- 
perimentation, they were first incubated by shaking a t  37' for 18 hr in 
the medium containing the maximum concentration of polymyxin in 
which the stored cells were known to show growth. For some tests, the 
polymyxin-resistant cells were not stored but utilized immediately 
subsequent to emergence. 


Sterilization Kinetics Procedure-A sterilization kinetics test 
system in which there can be no significant alteration of the thermody- 
namic activity of the quaternary ammonium compounds by the growth 
nutrient salts was developed. Bacteria were harvested from an agar slope, 
added to 25 ml of a liquid medium, and shaken overnight a t  37'. A 0.5-ml 
aliquot of this stock culture then was added to a further 25 ml of the 
medium, which was shaken for 18 hr at  37O. A portion of this final culture 
was allowed to cool to room temperature and spun a t  3000 rpm for 5 min. 
The cells were washed sequentially in media of strengths 100,80,50, and 
20% and then washed twice in deionized water. This procedure avoided 
damage by osmotic shock (11). 


The optical density of this aqueous suspension was measured, and the 
cell concentration was adjusted to 1.5 X 10s cellslml with deionized water. 
This final suspension was slowly warmed to 37O, and 0.5 ml was added 
to 24.5-1111 sterile aqueous concentrations of I under test such that an 
initial nominal cell count of 3 X lO3/ml was achieved. Studies were carried 
out with stirred suspensions a t  37'. After various times of contact of 


I I 


0.0011 I I I I 
-4.6 -4.2 -3.8 -3.4 -3.0 


LOGARITHM CONCENTRATION, M 


Figure 1-Effectiveness of various concentrations of decylbenzyldi- 
methylammonium chloride against polymyxin-resistant P. aeruginosa. 
The V slope refers to the rate of decrease in the viable count with time. 
Key: 8 ,  wild-type organism; 0,  organism resistant to 130 units of 
polymyxinlml; A, organism resistant to 500 units of polymyxinlml; and 
0, organism resistant to 1750 units of polymyxinlml. 


Pye Unicam SP 600, Cambridge, England. 


bacteria with the quaternary ammonium salt, a 0.5-1111 aliquot was re- 
moved from the test system and added to 2.0 ml of polysorbate 80-leci- 
thin broth to inactivate I (12). After a further 5 min, 0.5-ml aliquots were 
spread on the surface of three overdried nutrient agar plates. The plates 
were then incubated at 37' for approximately 16 hr, and the number of 
colonies was counted. 


Additional experimentation was carried out to determine whether the 
initial transfer of the overnight culture into an eventual deionized water 
environment (11) and the transfer into the inactivation media signifi- 
cantly affected subsequent viable counts. In both cases, no effect could 
be observed. The initial incubation procedure ensured that cell clumping 
did not occur, as shown by microscopic examination. During the test 
procedure, cells were added to a system free of I; if the viable count of this 
suspension altered significantly during the time of the test, the experi- 
ment on that cell culture was discontinued. 


T o  test that  P. aeruginosa (ATCC 9027) remained constant in its 
sensitivity to the quaternary ammonium salts, an MIC procedure with 
dodecylbenzyldimethylammonium chloride was performed periodically. 
The sensitivity of the test organism remained constant. Of the series of 
stepwise resistant pseudomonads produced, three strains were able to 
grow in the medium with added polymyxin a t  levels of 130,500, and 1750 
unitslml. The four alkylbenzyldimethylammonium chlorides were ex- 
amined a t  different concentration levels against the wild type and poly- 
myxin-resistant organisms. 


RESULTS AND DISCUSSION 


By selective training of P. aeruginosa using aqueous solutions of 
polymyxin B sulfate in simple salts medium, several series of stepwise 
resistant pseudomonads were produced. Table I shows the results ob- 
tained for a typical series. There was an approximately threefold increase 
in the resistance to polymyxin with each step. 


With the sterilization kinetics procedure, death-time curves were 
obtained for all homologs. The relationship between viable count and 
time was exponential (5) and given by: 


V,/Vo = e - k i  (Eq. 1) 


where VO and V,  refer to the number of viable bacteria in the reaction 
vessel a t  time zero and time t ,  respectively, and k is a constant for the 


1 3  / 


0.001 I I 1 I L 
-5.2 -4.6 -4.2 -3.8 -3.4 


LOGARITHM CONCENTRATION, M 


Figure 2-Effectiveness of various concentrations of dodecylbenzyl- 
dimethylammonium chloride against polymyxin-resistant P. aerugi- 
nosa. Key: same as Fig. 1. 
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Table 111-Computed Molarity of Quaternary Homologs 
Required to Reduce the Viable Count to 10% of the  Original 
in 2 h r a  


Level of Resistance to Polymyxin B Sulfate 
130 500 1750 


n WildType units/ml units/ml units/ml 


10 4.139 x 10-5 2.884 x 10-5 1.523 x 10-4 4.506 x 10-4 
12 1.298 X 7.998 X 3.871 X 1.713 X 10-4 
14 3.625 X 2.429 X 1.625 X 3.804 X 
18 3.861 X 3.337 X 1.382 X 4.772 X 


See footnote to Table 11. 


system depending on the sensitivity of the organism and the concentra- 
tion of quaternary salt used. 


The log of the rates of change of log viable count with time, log 
(d  log Vld t )  for each quaternary a t  each concentration level, and against 
all organisms was derived using least-squares regression according to the 
expression: 


(Eq. 2) 


The end-point of activity for I in the sterilization kinetics test was that 
concentration of quaternary producing a reduction in viable count to 10% 
of the original in 2 hr. All derived regression and correlation coefficients 
are given in Table 11. All correlations obtained were significant at the ct 
= 0.001 level. 


Figures 1-4 show those relationships existing between antimicrobial 
effectiveness of the four homologs against each organism studied and a t  
each concentration of quaternary. In all cases, there was a linear rela- 
tionship between the logarithm of the concentration and the logarithm 
of the rates of change of colony count with time. Table I11 gives the 
computed 2-hr end-paint for all compounds against all organisms. The 
dose-response curves (Figs. 1-4) were generally parallel for each qua- 
ternary compound, suggesting a similar mode of action against each re- 
sistant strain (5). 


Figure 5 demonstrates the relationship between the chain length of 
the 1 homologs and the concentrations calculated to produce the required 
end-point. There was a straight-line relationship between alkyl chain 
length and activity. 


Relationships between the levels of resistance to polymyxin and the 
levels of resistance to the quaternaries were presented graphically. Figure 
6 shows the results for tetradecylbenzyldimethylammonium chloride, 
using a linear-linear scale. Figure 7 shows the comparative resistance 
levels of all homologs toward all organisms studied, using the 2-hr end- 
point and analysis on a log-log basis. In all cases, the strain trained to be 
resistant to a maximum of 130 units of polymyxin/ml was the most sen- 
sitive to the quaternary compounds. An increase in polymyxin resistance 
above this value, however, increased resistance to quaternary action. The 
increase in sensitivity of the 130-unitslml strain over the wild type is 
shown more markedly on the log-log plot due to scaling factors. The 
pattern of sensitivity of this series to both drugs is a consequence of 
changes in envelope structure (3,4, 13). 


Portions of the plots (Fig. 7) having positive slopes show that ap- 


log (d  log Vldt ) = a log (quaternary concentration) + b 


o.oo1l 1 I I I 
-5.8 -5.4 -5.0 -4.6 -4.2 


LOGARITHM CONCENTRATION, M 
Figure 3-Effectiueness of uarious concentrations of tetradecylben- 
zyldimethylammoniurn chloride against polymyrin-resistant P. aeru- 
ginosa. Key: same as Fig. 1.  


0.lOOt f 


o.oo1t I I I I 
-6.5 -6.1 -5.7 -5.3 -4.9 


LOGARITHM CONCENTRATION, M 


Figure 4-Effectiueness of uarious concentrations of octadecylben- 
zyldimethylammonium chloride against polymyxin-resistant P. aeru- 
ginosa. Key: same as Fig. I ,  


proximately four times the amount of each quaternary was necessary for 
each step in resistance to each strain of P. aeruginosa, although this value 
varied both between chain lengths and between polymyxin resistance 
levels. The value of this increase in quaternary concentration necessary 
to be effective against higher order polymyxin-resistant strains is useful 
in comparing pseudomonal resistance to both chemical types. The three 
resistant organisms were between 3.5 and 3.8 times more resistant to 
polymyxin than their next step variant, which is similar in magnitude 
to the value obtained when considering the alkylbenzyldimethylam- 
monium chlorides. 


The rate at  which low molecular weight organic nonelectrolyks diffuse 
across biological membranes correlates with their lipid-water partition 
coefficient within limits. Lien et a!. (14) studied a large range of mainly 
membrane-active antibacterial agents for activity against Gram-positive 
and Gram-negative bacteria. The ideal lipophilic character (log PO) for 
a set of congeneric drugs was much higher for Gram-positive bacteria 
(about 6) than for Gram-negative bacteria (about 4) (14). This difference 
was attributed to the relatively lipid-rich wall of Gram-negative bacteria 
that  retained lipophilic drugs and hindered penetration. However, col- 
loidal association may have contributed to the interpretation of these 
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Figure 5-Relationship between the carbon number of  the alkyl chain 
of the quaternary compound and the computed concentrations required 
to reduce the viable count of different polymyxin-resistant strains to 
10% of the original in 2 hr. Key: same as Fig. 1.  


148 1 Journal of Pharmaceutical Sciences 
Vol. 68, No. 2, February 1979 







RESISTANCE TO POLYMYXIN, 
unitslml 


Figure 6-Relationship between levels of resistance to polymyxin and 
levels of resistance to tetradecylbenzyldimethylamrnonium chloride 
for the various pseudomonads studied. Key: same as Fig. 1 .  


I I 1 I 
1.0 2.0 3.0 4.0 


LOGARITHM POLY MY X I N RESISTANCE, 
unitdm1 


Figure 7-Composite diagram showing relationships between levels 
of resistance to  polyrnyxin and to all homologs studied. Key: same as 
Fig. 1 .  


data (5). Furthermore, the outer membrane of Gram-negative bacteria 
is not a simple lipid barrier (1,2) and may possibly have water-filled pores 
lined with protein as an aid to penetration by hydrophilic molecules (3, 
15). 


The linear relationship between carbon number and antibacterial 
activity (Fig. 5) is interesting. Probably the differential possibilities of 
uptake by hydrophobic outer membrane sites, diffusion through outer 
membrane pores (I, mol. wt. 276-388), and micelle formation in the 
periplasmic space result in a nonlinear carbon number-activity rela- 
tionship for a primary effect on the cytoplasmic membrane. The results 
are consistent with the hypothesis that bacterial death was a consequence 
of quaternary action primarily at the outer membrane. Under these cir- 
cumstances, increasing lipophilicity would be associated with increased 
outer membrane disruption without the drawback of retention by a prior 
lipid site. These effects tend to be enhanced by this hypotonic test system. 
A similar lethal outer membrane effect was proposed for polymyxin action 
(16). 
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Abstract 0 Condensation of the anhydro bases derived from 6-substi- 
tuted 1-methylquinaldinium iodides with carbon disulfide provided the 
2-dithioacetic acid zwitterions. Since 1,6-dimethyIquinolinium-2-di- 
thioacetic acid zwitterion previously showed appreciable activity against 
P-388 lymphocytic leukemia in mice, a series of analogs with other 6- 
substituents was synthesized to assess the importance of substitution 
in this position. Both electron-donating and electron-attracting 6-suh- 
stituents gave compounds with antileukemia activity. The 6-unsuhsti- 
tuted analog had only marginal activity. 


Keyphrases Dithioacetic acids, quinolinium-zwitterions synthesized, 
antileukemic activity evaluated in mice Zwitterions-quinolinium- 
2-dithioacetic acids synthesized, antileukemic activity evaluated in mice 
0 Antileukemic activity-various quinolinium-2-dithioacetic acid 
zwitterions evaluated in mice Structure-activity relationships- 
quinolinium-2-dithioacetic acid zwitterions evaluated for antileukemic 
activity in mice 


1,6-Dimethylquinolinium-2-dithioacetic acid zwitterion 
(IV, Scheme I,  R = CH3) showed appreciable activity 
against P-388 lymphocytic leukemia in mice (I). I t  was 
considered that the dithiocarboxylic anion was a necessary 
function for this activity; but since several other related 
structures having a dithiocarboxylic anion lacked anti- 
leukemic activity, the 6-substituent of the quinoline ring 
also was regarded as important to this activity. 


A similar requirement for a 6-substituent in the quino- 
line ring was found necessary for antileukemic activity in 
a series of 6-nitro- and 6-aminobis(4-quinaldinyl)-oc,w- 
diaminoalkanes (2). Accordingly, a series of 6-substituted 
N-methylquinolinium-2-dithioacetic acid zwitterions was 
synthesized to assess the importance of the 6-substituent 
in antileukemic activity. Both electron-donating and 
electron-attracting groups were included. 


DISCUSSION 


Chemistry-Synthesis of the quinaldines (I, Scheme I), based on the 
method of Campbell and Schaffner (3), involved the condensation of the 
para-substituted anilines with crotonaldehyde, using ferric chloride as 
the oxidizing agent. The free bases rather than the aniline hydrochlorides 
could be used, and 85% crotonaldehyde gave satisfactory yields. Isolation 
of the quinaldines was accomplished by addition of toluene to the reaction 
mixtures, azeotropic distillation of water, and distillation of the resulting 
toluene solutions. 2,4-Dimethylquinoline was prepared from 3-penten- 
%one. 
6-Trifluoromethylquinaldine, a new compound. was obtained in 21% 


yield. The NMR spectrum showed three C-methyl protons a t  6 2.71 ppm, 
unsplit, and the aromatic protons a t  6 7.2-8.2 ppm. Yields of the other 
substituted quinaldines ranged from 40 to 62%. 


Preparation of the N-methylquinaldines first was attempted with 
dimethyl sulfate to provide higher yields and to avoid the discoloration 
associated with methiodides. Reaction of dimethyl sulfate with quinal- 
dine gave an 80% yield of colorless material melting a t  156-157" [lit. mp 
152' (4) and 220' (511. Use of the methylsulfate of quinaldine gave only 
a 5% yield of the dithioncetic acid zwitterion, so the methiodides were 
employed. 


The methiodides (11) were prepared by heating the quinaldines without 
solvent in a 25% excess of iodomethane (6). This method worked well for 
the 4-methyl,6-methyl, 6-methoxy, and the 6-bromo compounds, but 


CHJ R W C H ,  % 
I 
CHjI - 


R 7 Q Q c H 3  - 
I1 


I 


I11 iv 


R- CH=C / H I  


\ I .  'SCH, 
C H J  - 


V 
Scheme I 


it gave no product with 6-chloroquinaldine. The 6-chloro methiodide was 
obtained by slow addition of iodomethane to a solution of the quinaldine 
in toluene a t  100". The only previous method reported for this compound 
was a sealed-tube reaction (7). The same procedure was used for the 6- 
trifluoromethyl methiodide, but the yield was only 13%. 


A previous preparation of pyridinium- and quinoliniumdithioacetic 
acid zwitterions involved the condensation of N-methylpicolinium or 
N-methylquinaldinium iodide with carbon disulfide in a solution of so- 
dium hydroxide in aqueous dioxane (I) .  Rosenhauer (8) reported the 
preparation of the 1 -methylquinolinium-2-dithioacetic acid zwitterion 
(IV, R = H) by isolation of the intermediate methylene base (111) followed 
by condensation with carbon disulfide. Repetition of this method gave 
agreen solid melting at 73-75' [lit. mp 195" (8) and 185-187" (l)], which 
decomposed slowly on standing in a desiccator. Gompper et al. (9) also 
found this preparation to be unstable a t  -60". Therefore, the previous 
procedure (1) was employed, and some improvement in yields was real- 
ized by vigorous mechanical stirring, use of less sodium hydroxide, and 
prevention of overheating of the reaction mixtures. Yields of the di- 
thioacetic acid zwitterions (IV) ranged from 27 to 68%. These compounds 
were too insoluble in the common solvents for NMR spectra to be 
taken. 


Preparations of the his(S-methyl) derivatives of dithio acids were re- 
ported (9, 10). With the 6-bromo-1-methylquinolinium-2-dithioacetic 
acid zwitterion, treatment with excess iodomethane gave a bis(S-methyl) 
derivative (V, R = Rr) whose NMR spectrum showed five ring protons 
a t  8 8.2-9.0 ppm, N-methyl protons a t  6 4.35 ppm, S-methyl protons a t  
6 2.50 and 2.63 ppm, and a one-proton singlet at  d 6.65 ppm for the olefinic 
proton. 


The dithio acid zwitterion of the 6-unsuhstituted l-methylquinal- 
dinium iodide also was converted to the! his(S-methyl) ketene acetal and 
showed essentially the same NMR spectrum. The N-methyl protons 
appeared a t  d 4.40 ppm, the S-methyl protons a t  d 2.55 and 2.70 ppm. and 
the olefinic proton a t  6 6.80 ppm. Gompper et al. (9) reported this com- 
pound, hut the only physical constant listed was a decomposition point 
of 203O; in the present preparation, a melting point of 198-201" was ob- 
tained. 


Antileukemia Test Results-Antileukemia testing was performed' 


At Lederle 1,aboratories; results were reported through the courtesy of Dr. Ralph 
G. Child. 
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Table I-Antileukemia Activities in Mice 


R1 Rz Test 


H H 1  
2 


H CHs 1 
n 
L 


CH3 H 1 
CI H 1 


2 
Br H 1 


2 
CHsOH 1 


2 
CFs H 1 


2 


Median Survival Time, T/C X 100 a t  
300 200 100 50 12.5 3.25 


- 


130 


110 
- 


- 
- 


145 


145 


150 


100 


- 


- 


- 


mg/kg mg/kg 


130 - 
120 120 
110 - 
110 - 
140 - 
130 - 
140 130 
135 - 
120 120 
135 - 
140 130 
105 - 
1 on - 


mg/kg 
110 


110 


120 
130 
115 
120 


125 
120 
105 


- 


- 


- 


- 


mgkg  
100 


90 


120 
115 


105 


110 


100 


- 


- 


- 


- 
- 


- 


mg/kg 
100 


115 


110 
110 


115 


115 


105 


- 


- 


- 


- 


- 
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using P-388 lymphocytic leukemia essentially in accordance with the 
protocol of the National Cancer Institute (11). BDFl (C57BL16 X 
DBA/S)Fl hybrid mice, 18-22 g, were inoculated intraperitoneally with 
lo6 tumor cells. Test compounds were administered intraperitoneally 
on Days 1,5, and 9 following tumor inoculation. Control mice received 
saline or 0.2% Noble agar* in saline. Six mice were used in each test group, 
and 12-18 mice were in each placebo control group. Animals were ob- 
served daily for deaths, and the median survival time was calculated. No 
weight loss was found at the highest dose used. 


Of the seven compounds tested, five showed positive activity (a T/C 
X 100 ratio of 125 or better) (Table 1). Although the 6-unsubstituted 
compound gave marginal activity, somewhat better results were shown 
by the 6-substituted derivatives. Little difference in activity appeared 
between electron-attracting and electron-donating substituents, although 
the strongly electronegative trifluoro derivative was inactive. I t  may be 
concluded that 6-substituents contribute to the antileukemic activity 
of these compounds; but similarly to the series of 6-nitro- and 6-amino- 
bis(4-quinaldiny1)-tr,w-diaminoalkanes (2), the relative electronegativities 
of the substituents seem unimportant. 


EXPERIMENTAL3 


2,4-Dimethylquinoline-This compound was prepared in 38% yield 
by the method of Campbell and Schaffner (3), bp 81-82' (0.8 torr) [lit. 
(3) bp 103-105' (2-3 torr)]. 


6-Methoxyquinaldine-This compound was prepared in 40% yield 
by the method of Campbell et af. (12). bp 95-96O (0.5 torr) Ilit. (12) hp 
145-146' (8 torr)]. 


6-Chloroquinaldine-To a stirred solution of 100 g (0.783 mole) of 
4-chloroquinoline and 562 ml of 95% ethanol were added 77.5 g (0.781 
mole) of 37% hydrochloric acid, 337 g of ferric chloride hexahydrate, and 
12.5 g of zinc chloride. The reaction mixture was heated to 60°, and 51.5 
g (0.625 mole) of 85% crotonaldehyde was added during 2.75 hr. The 
mixture was refluxed for 2 hr, and ethanol was distilled until the boiling 
temperature reached 100'. 


After the resulting mixture had cooled, 100 ml of water and 500 ml of 
toluene were added. Free quinaldine was liberated by addition of 180 ml 
of 50% sodium hydroxide with stirring, the temperature was maintained 
below 65'. With a Dean-Stark trap, 200 ml of water was removed azeo- 
tropically, 100 ml of toluene was added, and 60 ml more of water was re- 
moved. The resulting liquid was decanted through coarse filter paper, 
and solvent was removed by rotary evaporation a t  60' (40 torr). 


The residue was extracted with 200 ml of toluene, filtered, and evap- 
orated with the first extract. The resulting dark oil was distilled, with 


Difco. 
Meltin points were determined in capillaries with a Mel-Temp block and are 


uncorrectef. IR absorption spectra were ohtained with a Perkin-Elmer model 457A 
grating spectrophotometer and were corrected against polystyrene bands. NMR 
spectra were measured with a Varian '1'60 spectrometer with tetramethyls~lane as 
internal standard. Elemental analyses were done by F. R. Strauss. Oxford, England. 
TLC was carried out using silica gel, and products were detected by exposure to 
iodine vapor. Organic reagents were supplied by Aldrich Chemical Co. or Eastman 
Organic Chemicals. 


stirring, through a plug of stainless steel wool a t  123-145' (9.5 torr) and 
solidified. The yellow solid was recrystallized twice from hexane at 5' 
and once from a mixture of 150 ml of methanol and 80 ml of water to give 
52.28 g (47%) of white spars, mp 95-98' [lit. (13) mp 91'1. 


6-Bromoquinaldine-This compound was prepared from4-bromo- 
aniline in the same manner as the chloro analog, giving a 45% yield of 
colorless spars, mp 103-104.5' [lit. (13) mp 96-97']. 
6-Trifluoromethylquinaldine-This compound was prepared from 


4-aminohenzotrifluoride in the same manner as the chloro analog. The 
crude oil distilled a t  50-68' (0.35-0.5 torr). It was freed from solvent by 
rotary evaporation, dissolved in 50 ml of toluene, and reevaporated. I t  
was then refluxed with 100 ml of toluene and 4.3 g of succinic anhydride 
for 1 hr, cooled to 20°, and stirred for 0.5 hr with 100 ml of 5% sodium 
hydroxide. The mixture was heated to 30' to dissolve any solid, and the 
organic phase was washed with 30 ml of warm water and evaporated. 


The resulting oil was crystallized from 50 mi of hexane at -2OO and 
washed with 25 ml of hexane a t  -20' to give 11.37 g (21%) of colorless 
plates, mp 62.5-64.5'; NMR (carbon tetrachloride): 6 2.71 (s,3H, 2-CH3), 
7.20 (d, lH ,  4-H, J = 8 Hz), and 7.5-8.2 (m, 4H, aromatic H) ppm; IR 
(carbon tetrachloride): 1607,1573,1508,1485 (quinoline ring), 1330,1170, 
and 1140 (CF3) cm-I. 


Anal.-Calc. for C I I H ~ Z N :  C, 62.56; H, 3.82; N, 6.63. Found: C, 61.99; 
H, 3.37; N, 6.81. 


The compound was lachrymatory and caused eyelid inflammation. 
1,2-Dimethyl-6-methoxyquinolinium Iodide-A solution of 17.3 


g (0.1 mole) of 6-methoxyquinaldine and 17.7 g (0.125 mole) of iodo- 
methane was heated to98' for 23 hr. The resulting solid was refluxed with 
150 ml of 95% ethanol for 2 hr, the solvent was decanted, and the ex- 
traction was repeated twice. The yellow needles were washed with acetone 
and dried, giving 25.5 g (81% yield), mp 235-238O dec. [lit. (14) mp 238' 
dec.]. 


Anal.-Calc. for C12HlJNO: I, 40.33. Found: I, 40.27. 
1,2-Dimethyl-6-chloroquinolinium Iodide-A solution of 13.23 g 


(0.0745 mole) of 6-chloroquinaldine and 100 ml of toluene was heated to 
100'. Iodomethane (14.2 g, 0.1 mole) was added dropwise in two 7-hr 
periods on successive days while the temperature was maintained a t  100' 
overnight hoth during and after the addition. The cooled mixture was 
filtered, washed with 100 ml of acetone, dried, and recrystallized from 
100 ml of 95% ethanol, giving 9.53 g (40% yield) of yellow platelets, mp 
223-224" [lit. (7) mp 211-212'1. 
1,2-Dimethyl-6-bromoquinolinium Iodide-This compound was 


prepared by the method used for the 6-methoxy derivative, except that 
95% ethanol was used for recrystallization. A 75% yield of brown spars 
was ohtained, mp 233-236' dec. [lit. (15) mp 237' dec.]. 


Anal.-Calc. for CI1H11RrIN: I, 34.86. Found: I, 34.52. 
1,2-Dimethyl-6-(trifluoromethyl)quinolinium Iodide-This 


compound was prepared by the method used for the 6-chloro analog, 
except that heating a t  100' was continued for 4 days after the addition 
of iodomethane and the product was not recrystallized. A 13% yield of 
yellow prisms was obtained, mp 241-242' dec.; IR (KBr): 1320,1175, and 
1130 (CFS) cm-1. 


Anal.-Calc. for C ~ ~ H ~ I F ~ I N :  C, 40.81; H, 3.14; N, 3.97. Found C, 40.92; 
H, 3.08; N, 4.00. 
6-Methoxy-1-methylquinolinium-2-dithioacetic Acid Zwitter- 


ion-To a solution of 6-methoxy-1-methylquinolinium iodide (12.61 g, 
0.04 mole), water (20 ml), dioxane (40 ml), and carbon disulfide (20 ml, 
0.233 mole) was added, a t  25', 30 ml of 50% sodium hydroxide a t  such 
a rate that the temperature did not exceed 29'. After 6 hr of stirring and 
addition of 50 ml of water, the mixture was filtered, washed with 400 ml 
of water, and dried (25". 0.6 torr) to give 2.82 g (27%) of red-brown solid, 
mp 181' dec.; IR (KBr): 1315 (C=S) cm-l. 


Anal.-Calc. for C ~ ~ H ~ ~ N O S Y ~ H Z O :  C, 52.14; H, 5.68 N, 4.68; S, 21.42. 
Found: C, 52.33; H, 4.90; N, 4.49; S, 20.84. 
6-Chloro-1-methylquinolinium-2-dithioacetic Acid Zwitter-  


ion-This cornpound was prepared in the same manner as the 6-me- 
thoxy- 1-methylquinolinium-2-dithioacetic acid zwitterion. An 80% yield 
of orange-hrown solid was obtained, mp 300' dec.; IR (KBr): 1285 ( C 4 )  
and 885 (C=S) cm-l. 


Anal.-Calc. for C ~ ~ H ~ ~ C I N S Z :  C, 53.82; H, 3.78; N, 5.23. Found: C, 
54.02; H, 3.60; N, 5.10. 
6-Bromo-I-methylquinolinium-2-dithioacetic Acid Zwitter-  


ion-The same procedure was used as for the 6-methoxy analog. A 55% 
yield of green-brown powder was obtained, mp 210-212' dec.; IR (KBr): 
1305 (C=S) and 930 (C=S) cm-l. 


Anal.-cak. for C 1 2 H ~ J 3 r N S ~ H ~ 0  C, 43.64; H, 3.33; N, 4.24. Found 
C, 43.96; H, 3.52; N, 3.86. 


6-Trifluoromethyl- 1 -methylquinolinium-2-dithioacetic Acid 
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Zwitterion-This compound was prepared in the same manner as the 
6-methoxy analog. A 68% yield of red-brown solid was obtained, mp 185' 
dec. 


Anal.-Calc. for C ~ ~ H ~ O F ~ N S Z :  C, 51.82; H, 3.32; N, 4.65. Found: C, 
52.16; H, 3.49; N, 4.35. 
6-Bromo-l-methyl-2-bis(2-methylthio)vinylquinolinium 10- 


dide-A mixture of 6-bromo-1-methylquinolinium-2-dithioacetic acid 
zwitterion (6.81 g, 0.0208 mole), iodomethane (10 ml), and dimethyl- 
formamide (40 ml) was allowed to stand at room temperature, with oc- 
casional shaking, for 17 hr. The dark-brown solid was filtered, washed 
with acetone, and dried a t  23' (0.2 torr) for 6 days, giving 4.81 g (4996 
yield), mp 194-197' dec.; NMR (dimethyl sulfoxide-dd: 8 2.50 (s,3H, 
SCH3), 2.63 (s,3H,SCHa),4.35 (~,3H,NCH3),6.65(s,lH,vinylH),and 
8.2-9.0 (m, 5H, ring H) ppm. 


Anal.-Calc. for C14H15BrINS2: C, 35.91; H, 3.23; N, 2.99; S, 13.70. 
Found: C, 35.55: H, 3.08; N, 2.94; S, 13.12. 
l-Methyl-2-bis(2-methylthio)vioylquinolin~um Iodide-The same 


procedure was used as the for 6-bromo analog. The resulting dark-yellow 
solid was washed with ether, recrystallized from water, and dried a t  25' 
(1.5 torr), giving a 15.5% yield of yellow crystals, mp 198-201' dec. [lit. 
(9) mp 203' dec.]; NMR (dimethyl sulfoxide-de): 8 2.55 (s,3H, SCHj), 
2.70 (s,3H, SCH3), 4.40 (s, 3H, NCH& 6.80 (s, lH, vinyl H), and 8.3-9.0 
(m, 6H, ring H) ppm. 
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Abstract A differential pulse polarographic method for the analysis 
of thyroid and thyroid tablets for total iodine, thyroxine, and liothyronine 
is described. The procedure for iodine, which is also applicable to indi- 
vidual tablet assay, consists of ashing the sample, converting iodide to 
iodate, and analyzing by differential pulse polarography. The procedure 
for thyroxine and liothyronine involves hydrolysis of the sample with 
barium hydroxide and isolation and separation of the iodoamino acids 
using ion exchangers, followed by differential pulse polarographic de- 
termination in a supporting electrolyte composed of 0.5 N Na2C03 in 20% 
2-propanol containing 1% tetrabutylammonium bromide. The differential 
pulse polarographic results for iodine agree with values obtained using 
the USP XIX procedure, and the quantities of thyroxine and liothyronine 
found agree with literature values. 


Keyphrases 0 Thyroid-differential pulse polarographic analysis of 
iodine, thyroxine, and liothyronine in hormone and tablets 0 Polarog- 
raphy, differential pulse-analysis of iodine, thyroxine, and liothyronine 
in thyroid hormone and tahlets Indine-differential pulse polaro- 
graphic analysis in thyroid hormone and tablets Thyroxine-differ- 
ential pulse polarographic analysis in thyroid hormone and tablets 0 
Liothyronine-differential pulse polarographic analysis in thyroid hor- 
mone and tablets 


The thyroid gland produces various iodoamino acids 
that are derivatives of thyronine and tyrosine including 
thyroxine, liothyronine, 3,3',5'-triiodothyronine, 3,5-di- 


iodothyronine, diiodotyrosine, and monoiodotyrosine (1, 
2). The major biological activity is present only in thy- 
roxine and liothyronine. 3,3',5'-Triiodothyronine and 
3,5-diiodothyronine have little or no biological activity and 
are present in small amounts; diiodotyrosine and mo- 
noiodotyrosine have no biological activity. 


BACKGROUND 
The USP XIX method for the estimation of thyroid potency involves 


the determination of total iodine. The compendia1 assay requires ashing 
the sample with potassium carbonate, which releases iodide inn. The 
chemical transformations consist of oxidation of iodide to iodate, re- 
duction to iodine, and, finally, titration with sodium thiosulfate. 


This titrimetric procedure is not applicahle to individual tablet analysis 
because it lacks sufficient sensitivity. For this reason, B procedure that 
requires a Schoniger flask oxygen combustion treatment followed by the 
chemical transformations is used. However, the determination of total 
iodine is a nonspecific test for thyroid potency since iodine is available 
from biologically inactive compounds as wet1 as the biologically active 
hormones. This assay is used because total iodine is relatively simple to 
determine accurately. 


A better indication of thyroid potency would be the determination of 
the biologically active hormones, thyroxine and liothyronine. The de- 
velopment of a simple and reliable method for their determination has 
been a challenge. The approach has been to hydrolyze the sample by 
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OPEN FORUM 


Benzoyl Peroxide Analysis 


In a recent paper’ in this Journal, “High-pressure Liquid 
Chromatographic Assay of Benzoyl Peroxide in Dermatological Gels 
and Lotions,” the authors questioned the validity of a TLC system 
described by our laboratories in a paper2 entitled “The Stability of a 
Benzoyl Peroxide Acne Cream Product.” The reliance on removing 
and measuring spectrophotometrically an extract from the solvent 
front of a chromatogram was recognized, and a subsequent paper3, 
“An Improved TLC Procedure for the Quantitative Determination of 
Benzoyl Peroxide in Acne Creams,” was published. This procedure 
utilized acetonitrile-water (1:l) in a reversed-phase system on an 
acetylated support, and complete resolution was achieved with 
benzoyl peroxide (Rf  0.42), benzoic acid (Rf 0.9-LO), and other 
isolable impurities. Excellent assay agreement was obtained between 
this method and an iodometric titration procedure in deliberately 
degraded cream formulations. The fact that the iodometric titration 
procedure was proven to be stability indicating suggests its use as an 
assay method in terms of economics and simplicity over 
chromatographic methods. 


D. L. Simmons 
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Frank W. Horner Ltd. 
Montreal, Canada H3C 2W6 
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Drug Stability in Veterinary 
Dosage Forms 


The January 1979 issue of this Journal contained an editorial on 
“Consistency in Stability Testing”]. This timely editorial was of great 
interest to the Review Chemists in the Bureau of Veterinary Medicine 
of the Food and Drug Administration because they are deeply 
involved in the review and evaluation of stability testing of drug 
products. 


The Bureau of Veterinary Medicine is a counterpart to the Bureau 
of Drugs, though with a smaller contingent of Review Chemists. The 
public only hears about veterinary medicine on such issues as DES, 
nitrites, nitrofurazones, and low-level antibiotics. The Bureau, 
however, has a much larger responsibility in approving drugs for 
animal use. Such critical areas as animal safety and human safety 
must be considered in addition to the effectiveness of the drug. The 
process of approval is just as intense as that for human products. In 
many cases, the approval is more critical since food products are 
involved. 


(identical in many cases to the human dosage forms except for 
labeling), as medicated feed preparations (premixes, supplements, 
and complete feeds), and as other forms such as medicated blocks. 


Bureau Review Chemists are responsible for evaluating the 
manufacturing operations related to the production of the final 
products to ensure that they meet the standards they purport to 
possess. 


Stability is an important issue for veterinary products just as it is 
for human products. In fact, the issue is much more complex because 
of the variety of products and use patterns. Because of these 
complexities and often questionable areas of stability testing for 
veterinary products, the Bureau of Veterinary Medicine developed a 


Veterinary drug products are sold as pharmaceutical dosage forms 


set of guidelines for industry and reviewer use. The Bureau issued the 
Guidelines in July 1976 with a Federal Register2 notice of availability 
in November of the same year. The Guidelines were updated in 
February 1978. 


For veterinary products, stability is probably more critical and 
harder to focus on. Because of obvious reasons, human drug products 
enjoy a much higher plateau in the various fields of research and 
methods development. Human products are often used under 
controlled situations or conditions-stored in pharmacies and used 
in clinics, hospitals, and households. Probably the only controlled 
conditions for veterinary product usage, however, are in veterinary 
clinics, hospitals, or offices. Use by farmers of drugs purchased by 
them or dispensed to them leaves much to be desired as far as 
stability and shelflife are concerned. Many animal drugs are subjected 
to higher temperatures and abuse than human drug counterparts. 
However, as provided under our laws, a veterinary drug is a “drug” 
and must meet the requirements and individual standards of strength, 
quality, purity, and identity as proclaimed by the Act. The drug must 
also be manufactured under the cGMPs as published by the FDA. 


We, in the Bureau of Veterinary Medicine, feel the Guidelines we 
have issued are meaningful and provide the guidance needed by 
industry. Many companies concerned with human pharmaceuticals 
are currently using our Guidelines. The Guidelines represent our best 
scientific judgment on the topic and should be used as just that- 
“guidelines.” Our general position is that every product is unique and 
must “stand on its own” as far as stability is concerned. 


Copies of the drug Guidelines can be obtained by writing to the: 
Food and Drug Administration, Bureau of Veterinary Medicine, 
Industry Relations Branch, HFV-226,5600 Fishers Lane, Rockville, 
MD 20857. 


John R. Markus 
Scientific Evaluation 
Bureau of Veterinary Medicine 
Food and Drug Administration 
Rockville, MD 20852 
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Unified Theory of  Anesthesia 


The current diversity of theories of narcosis indicates a lack of 
understanding of the mechanism of anesthesia a t  the molecular level. 
Ecanow and have proposed a hypothesis that integrates 
the descriptive, clinical, and laboratory data concerning individuals 
in a state of anesthesia. 


This hypothesis is based on the concept that neuronal cells, like all 
cells, have membranes in the coacervate state; that is, the membrane 
exists as an aqueous phase that is in a different thermodynamic state 
than that of the surrounding aqueous plasma and interstitial fluids3. 
The addition of a small increment of drug to a coacervate phase 
produces a change in structuring, which results in a free energy 
change which is chiefly entropic. Accompanying the free energy 
change are pharmacological 


The colloid theory initially proposed by Claude Bernard in 1875 
and subsequently elaborated by others suggested that a reversible 
aggregation of cell colloids causes or accompanies anesthesia. This 
reversible aggregation is precisely what occurs upon the introduction 
of an anesthetic agent to the colloidal system known as the coacervate 
phase. The change in aggregation relationships is measured by 
changes in physicochemical properties3. These changes, in turn, 
correlate with the ranking of clinical potencies in a series of 
depressant drugs2. 


parallelism between the affinity for a lipid phase and its resultant 
central nervous system (CNS) depressant action. The affinity is 


The lipid theory advanced by Meyer and Overton proposes a direct 
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Table I-Standard Solution 


Theophylline Hydroxyethyltheophylline Diphenylpyraline Hydrochloride 
Sample. mg Recovery, % Sample, mg Recovery, % Trial Sample, mg Hecoverv, '% 


3 
4 
5 
6 
- Mean relative error, 90 x 
SD, 'h, 
RSI).  %I 


100.7 
99.3 


101.5 
98.9 
99.2 
99.1 


1 .26 
100.1 
f1.55 


1 .55 


97.9 
99.1 


100.8 
101.2 
102.1 
99.4 


9.3 
10.7 
11.1 
9.8 


10.5 


98.9 
98.1 
97.3 
98.0 


100.0 
10.5 98.1 


I . 4 3  
98.4 
f0.93 


0.95 


8.6 104.7 
7.9 101.3 
8.1 97.5 
8.3 97.6 
7.9 102.5 
8.4 97.2 


2.63 
100.1 
f3.4 


3.4 


Table 11-Production Lot of Syrup 


Hydroxy- Diphenyl- 
Theo- ethyl- pyraline 
phyl- theo- Hydro- 
line uhvlline chloride 


~ 


Theoretical concentration, mg/30 ml 100.0 10.0 8.0 
S of 15 samples 99.3 10 5 8 3 
R S l )  4, 1.87 1.20 9.50 


hydroxyethyltheophylliiie. 1)iphenylpyraline hydrochloride appeared 
not to undergo any chemical reaction i n  methanol and reaction mixtures 
as shown by the retention time. A preliminary 1-PI injection of reagent 
alone showed a small precursor peak just  before the diphenylpyraline 
hydrochloride peak. This peak may insignificantly affect measurement 
o f  diphenylpyraline hydrochloride. 


Linearity was also determined. Linear curves passing through the origin 


were obtained for solutions containing 40-10016 of the quantities of drug 
ingredients being sought. These curves related the peak area and drug 
roncen tration. 


The initial pH 3.8 of the sample and standard solutions was necessary 
t o  ensure the extraction of theophylline and hydroxyethyltheophyl- 
line. 
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~~~~ ~~ 


Abstract 0 Two enantiomeric pairs of neuromuscular junction blocking 
agents were prepared in which an asymmetric carbon atom is adjacent 
to an asymmetric quaternized nitrogen moiety. The blncking agents were 
obtained from the enantiomers of laudanosine by stereoselective qua- 
ternization with benzyl and ethyl iodides. Curarimimetic potencies were 
measured with an rn uroo cat hypoglossal nerve-tongue muscle prepa- 
ration. The studies suggest that the asymmetry present in these struc- 
tures does not lead to significant differences in blocking potency between 
enantiomers. 


Keyphrases 0 Enantiomers-benzyl- and ethyllaudanosinium iodides 
synthesized, curarimimetic potencies compared 0 Neuromuscular 
junction blocking agents-enantiomers of benzyl- and ethyllaudanosi- 
nium iodides synthesized, curarimimetic potencies compared 0 Curar- 
imimetic potency-compared in enantiomers of benzyl- and ethyl- 
laudanosinium iodides 0 Quaternary ammonium probes-enantiomers 
of benzyl- and ethyllaudanosinium iodides synthesized, curarimimetic 
potencies compared Structure-activity relationships--enantiomers 
of benzyl- and ethyllaudanosinium iodides, curarimimetic potencies 
compared 


Previous reports (1-4) described stereochemical pref- 
erences exhibited by the neuromuscular junction toward 


nondepolarizing blocking agents having carbon asymmetry 
alpha to quaternary ammonium functionality. Initial 
studies (1) employed monoquaternary structures (hemi- 
curares) as probes and indicated a modest blocking pref- 
erence for the (S)-enantiomers; subsequent investigations 
(2 ,3)  employed bisquaternary probes and indicated that 
the order of blocking preference is ( R )  > ( S )  for these 
structures. Since the quaternary ammonium function is 
the most distinguishing pharmacophore of this pharma- 
cological class, structures having nitrogen asymmetry could 
possess larger enantiomeric potency differences that might 
also be independent of other, more remote structural 
modification. 


An early example of variation in curarimimetic potency 
due to nitrogen asymmetry is the report ( 5 )  that the dia- 
stereomers derived from asymmetric quaternization of 
coniine show small potency differences. Larger potency 
differences were reported for the stereoisomers resulting 
from quaternization of canadine (6,7). Similarly, certain 
optically active inorganic onium ions also showed small 
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Table I-Neuromuscular Junction Blocking Potency Data for the Pharmacological Probes 
EDw Potency Slope Potency Elevation 


Ratio to Comparisona, Ratio Comparison*, 
EDm, (+) -Tubocurarine FSlOpe of Fslevation 


Enantiomers (dF', d F )  Probe Stereochemistry mgntg ( I I N )  (dF', dF) 
(+)-Tubocurarine 0.09 1 


I C-1 (S) ;  N (R) 1.81 24 0.38 (2,20) 2:1 (1:II) 5.79 (1,191 
I1 C-1 (R); N ( S )  3.64 48 + + 


Ill (8s) 5.33 
IV (R,R) 5.23 78 


79 0.65 (2, 15) 1:l (1II:IV) 0.06 (1,151 - + 
0 Statistical comparisons were made between the re ression line slopes of the probes and (+)-tubocurarine (+ indicaes that the slopes are not statistically diss+lar). 


b Statistid comparisons were made between the tine ekvationsof enantiomeric pairs toevaluate the significance of the difference in ED% values (+ indicates a statistically 
significant difference, and - indicates that the difference is not statistically significant). 


enantiomeric differences in curariform activity (8). More 
recent reports considered nitrogen asymmetry present in 
bisquaternary isomers related to tubocurarine (9) and in 
monoquaternary structures derived from norcoralydine 
(10). 


DISCUSSION 


Chemistry-Simple hemicurare structures (1) having a single asym- 
metric nitrogen were sought as probes. Stereoselective quaternization 
(11-141, exploiting carbon asymmetry alpha to a tertiary amine to direct 
an incoming alkyl halide, provided a ready method for the synthesis of 
structures containing the requisite features of the desired probes. The 
enantiomeric laudanosines were chosen as candidates for stereoselective 
quaternization with a large (benzyl iodide) and small (ethyl iodide) al- 
kylating agent. Preparation of the laudanosine racemate and enantiomers 
was as previously described (1). Stereoselective quaternization of these 
materials followed the method reported by Kobor et ol. (12), who syn- 
thesized the racemic derivatives of these compounds. 


When (Naudanosine was quaternized with benzyl iodide, the 
trans-material represented 95% of the initial reaction product mixture 
and crystallization of the pure trans-material could be effected from 
either ethanolic or aqueous solutions. When (*)-2-benzyl-1,2,3,4-tet- 
rahydropapaverine (VI) [prepared oia benzylation of papaverine to give 
V followed by sodium borohydride reduction (I)] was quaternized with 
methyl iodide, the reaction product mixture showed a subetantiaJ increase 
in the &-material. Repetition of this latter process with methyl iodide-& 
supported the NMR chemical shift assignments of Kobor et 01. (12) for 
the trans- (6  3.43) and cis- (6 3.09) N+CH3 protons since the resonances 
at  these locations were decreased. Finally, when chloroformic solutions 
of either the pure trans-product or the increased cis-product mixture 
were subjected to heated bomb conditions, the same equilibrium rela- 
tionship between cis- and trans-products was obtained, as predicted 
previously (12). 


When each of the enantiomeric laudanosines was quaternized with 
benzyl iodide, the initial product mixtures again showed 95% trans- 
material. Precipitates obtained from aqueous ethanol were taken up in 
acetone and, after evaporation of this solvent, the resulting amorphous 
powders gave acceptable elemental analyses, showed only the trans-spot 
on thin-layer chromatograms, and yielded identical NMR spectra cor- 
responding to the trans-diastereomer. These compounds represent 
pharmacological probes (lS,2R)-N-benzyllaudanosinium iodide (I) and 
(1R,2S)-N-benzyllaudanosinium iodide (11). Probes (IS,BS)-N-ethyl- 
laudanosinium iodide (111) and (1R,2R)-N-ethyllaudanosinium iodide 
(IV) were prepared similarly by quaternization with ethyl iodide and 
yielded crystalline materials from 95% ethanol. 


Biology-In addition to their ready chemical accessibility, the selec- 
tion of I-IV as probes for preliminary study was based on prior investi- 


CH ,O 


gations (1, 15) where closely related structures were shown to possess 
modest curarimimetic activity. Also, biological comparison between 
probes alkylated with both large and small groups could provide addi- 
tional information about the importance of steric parameters associated 
with any stereochemical features related to the anionic site of the neu- 
romuscular junction receptor. 


The cat hypoglossal nerve-tongue muscle procedure was employed 
to assess the blocking potencies of I-IV. Probes were tested in three an- 
imals a t  a minimum of three concentrations. Probit values of the percent 
decrease from control response levels due to inhibition by the probes were 
plotted against log dose oio a linear regression program (1). 


As expected, I-IV possessed only modest blocking activity. That the 
nature of this blockade was curarimimetic was established by the ob- 
servation that a characteristic relief of the blockade could be effected by 
subsequent administration of edrophonium and by a statistically 
nonsignificant difference of linear regression slopes between I-IV and 
(+)-tubocurarine (performed by analysis of covariance). The enan- 
tiomeric potency relationships for I and I1 and 111 and IV are presented 
in Table I. Based on previous studies (l), it seems reasonable to assume 
that the tabulated potencies reflect differences in interaction with neu- 
romuscular junction receptors rather than differences in distribution 
patterns or in interactions with acetylcholinesterase. 


Since 111 and IV did not show a significant potency difference and I 
and I1 showed only a small difference with the same trend [C-1 (S) > C-1 
(R)] obtained for related probes having carbon asymmetry only (1). these 
preliminary results suggest that the effect of nitrogen asymmetry on 
neuromuscular junction receptor interaction with these structural types 
is not significant. However, relatively few compounds were studied; a 
more generalized conclusion would require a wider range of candidate 
compounds, which are currently being prepared. 


EXPERIMENTAL' 


Laudanosine Bases-The preparation and resolution of racemic 
laudanosine followed published methods (1). 


N-Benzylpapaverinium Iodide (V)-Papaverine (24 g, 0.0695 mole) 
was added in portions, with stirring, to a solution of benzyl iodide in ac- 
etone* (0.278 mole in 400 ml). The mixture was refluxed for 4 hr, and then 
the volume was reduced to 200 ml. After standing at  room temperature, 
yellow crystals separated; they were collected and washed with ether to 
give 25 g (67%), mp 202-204'. 
(~)-%-BenzyI-1,2,3,4-tetrahydropapaverine (V1)-Compound V 


(10 g, 0.018 mole) was suspended in methanol (250 ml); 2 ml of water was 
added, and the mixture was cooled in an ice bath. Sodium borohydride 
(I0 g, 0.263 mole) was added in small portions, with vigorous stirring, after 
which the mixture was gently refluxed for 2 hr. Water (40 ml) was then 
added, the mixture was cooled, and the resulting precipitate was collected 
and recrystallized in a similar fashion to give 7.0 g (90%), mp 64-86' [lit. 
(13) mp 91-92' (from ether)). 


Quaternization with Benzyl Iodide-Racemic, (S)-, or (R)-lauda- 
nosine (1.87 g, 0.0052 mole) was dissolved in acetone (60 ml). Benzyl io- 
dide (0.0052 mole) in acetone (25 ml) was added, and the combined so- 
lutions were refluxed gently for 3 days under nitrogen while protected 


1 Melting points were determined on a Thomas-Hoover apparatus. Optical 
rotations were measured on a Perkin-Elmer 141 polarimeter. Analyaes were 
formed by M-H-W Laboratories, Garden City, Mich. TLC was conducJ;; 
Eastman chromatogran! sheet 6060 silica el develo ed In butanol-water-acetic 
acid (7:2:1), and visualization was by a d l a m  anfiodine vapor. NMR spectra 
were measured with a Varian Associates modefA-60 D NMR spectrometer with 
tetramethylsilane as an internal standard. 


2 Acetone solutions of benzyl iodide (0.7 M) were prepared by quantitative 
Finkelstein conversion of benzyl bromide plus sodium Iodide. 
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Table 11-Physical and Analytical Data  for Probe Molecules and 
New Compounds8 


Optical 
Com- Melting Rotationb, Analysis, 9h 
pound Point (a18 Formula Calc. Found 


I 112-114" +29' 


I1 116-118°' -30' 


111 166-168O +74O 


IV 164-168' -72' 


V 202-204' 0" 


V I  84-86' O0 


H 5.9 6.12 
I 22.1 21.90 
N 2.4 2.11 
C 58.4 58.20 
H 5.9 5.77 
I 22.1 22.46 
N 2.4 2.34 
C 52.0 51.78 .~ 


H -6.4 6.24 
I 23.9 24.19 
N 2.6 2.47 
c 52.0 51.83 
H 6.4 6.57 
I 23.9 23.73 
N 2.6 2.49 
C 58.2 58.21 
H 5.0 4.99 
I 22.8 22.66 
N 2.5 2.25 
C 74.8 74.57 
H 7.2 7.33 
N 3.2 3.03 


0 Reported only for new compounds and for VI because of a discrepancy in 
melting-point data for this compound. b All rotations determined as (c 0.5, ethanol). 


Obtained as amorphous solids. 


from light. The solvent was then removed under reduced pressure, and 
the racemic derivative was crystallized from either ethanol or water while 
enantiomeric derivatives yielded soft, tar-like materials. The enan- 
tiomeric tars were taken up in acetone, which was then evaporated to 
produce fine amorphous powders. Final yields were: racemic material, 
75%; I, 67%; and II,17%. Physical data for probe compounds are recorded 
in Table 11. 


Quaternization with Ethyl Iodide-Either ( S ) -  or (R)-laudanosine 
(3.57 g, 0.01 mole) was dissolved in ethanol (100 ml), ethyl iodide (1.6 ml, 
0.02 mole) was added, and the mixture was refluxed gently for 12 hr. The 
solution was evaporated, and the residue was recrystallized (six times) 
from ethanol until its NMR spectrum and TLC showed only the trans- 
product. Final yields were: 111,1416; and IV, 10%. 


Quaternization of VI-To a solution of VI (2.17 g, 0.005 mole) in 
methanol (50 ml) was added methyl iodide or methyl iodide-da (0.01 
mole). The mixtures were refluxed gently for 6 hr under nitrogen while 
protected from light. The solvent was removed by evaporation, and the 
initial reaction product mixture residues were used for NMR studies. 


cis-trans-Equilibration Reactions-A chloroformic solution of 
trans-(f)-N-benzyUaudanosinium iodide or of the residue obtained from 
quaternization of VI was subjected to the conditions specified previously 
(12,16), except that  reactions were carried out in a stainless steel bomb 
apparatus. Residues obtained after solvent evaporation were utilized for 
NMR studies. 
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Abstract  0 1,9-Phenazine-bis(dialkylaminocarboxamides) were pre- 
pared for screening as potential antimalarials. No significant activity 
against Plasmodium berghei was observed. The phenazine targets were 
prepared from 1,9-phenazinedicarboxylic acid by standard methods. The 
reaction between 1,9-phenazinedicarboxylic acid and thionyl chloride 
in the presence of dimethylformamide unexpectedly gave 4-chloro- 
1,9-phenazinedicarbonyl chloride. 


Keyphrases 0 Phenazines-with two cationic side chains, synthesized 
and screened as potential antimalarials o Antimalarials, potential- 
synthesis and screening of phenazines with two cationic side chains 


As part of a research program to develop new antima- 
larials (l), some selected phenazine derivatives were syn- 
thesized because of indications of antimalarial activity for 


several phenazine types. Clofazimine, which has proven 
safe for human use against leprosy, has been reported to 
suppress parasitemia completely in mice infected with 
Plasmodium berghei (2). Modest activity against P. ber- 
ghei in mice has been observed for several simple phena- 
zines, including 7-chloro-2-phenazinenitrile, methylene 
violetrnernthsen, and diazine black'. 


While the mode of antimalarial action of these com- 
pounds is unknown, the fact that phenazine antibiotics 
such as myxin and iodimin (3), as well as other phenazines 
(4,5), related phenoxazines (6) (actinomycins), and related 


Dr. E. A. Steck. Walter Reed Army Institute of Research. Washington. D.C., 
personal communication. 
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Abstract  0 The pharmacokinetics of erythromycin and erythromycin 
Y-propanoate were studied in healthy male volunteers following single 
and repeated doses of erythromycin stearate tablets, erythromycin es- 
tolate capsules, and a suspension. Estolate dosages gave rise to higher 
plasma levels of total drug than the stearate. However, the stearate 
yielded higher plasma levels of erythromycin base. Absorption of all 
dosage forms, except the suspension, was delayed, and pharmacokinetic 
interpretation of both single- and multiple-dose data required incorpo- 
ration of an absorption lag time. The absorption of erythromycin stearate 
was inhibited by food and also by low fluid volumes in fasted subjects. 
Ahsorption of erythromycin estolate was increased in the presence of fwd  
and was not greatly affected by fluid volume. Although single-dose data 
poorly predicted circulating levels of erythromycin following repeated 
doses, trends observed after single doses were maintained during chronic 
treatment. 


Keyphrases 0 Erythromycin base and 2'-propanoate-bioavailability 
in humans, effect of food and fluid volume Bioavailability-erythro- 
mycin base and 2'-propanoate in humans, effect of food and fluid volumes 
0 Antibacterials-erythromycin base and 2'-propanoate, bioavailability 
in humans, effect of food and fluid volume 


Despite the widespread use of erythromycin, there is still 
uncertainty regarding its optimum oral dosage form. 
Erythromycin absorption from formulations containing 
erythromycin base and from different esters and salts 
varied (1-6). 


Factors influencing erythromycin absorption recently 
were reviewed (7). Most studies reported delayed or re- 
duced absorption of erythromycin base or stearate in the 
presence of food (8-11). Absorption of erythromycin es- 
tolate appeared not to be influenced markedly while that 
of erythromycin ethylsuccinate increased in nonfasted 
individuals (10-14). Suspension formulations apparently 
were not influenced by the absence or presence of food (12, 
15). However, results vary greatly. 


The subject of erythromycin absorption has been con- 
fused by observations that the bioavailability of erythro- 
mycin stearate is inhibited by reduced fluid volumes (16) 
and that absorption characteristics from a single dose may 
have no relation to those following repeated doses (17). The 
notion that absorption of erythromycin estolate is superior 
to most other erythromycin dosage forms was challenged 
by Wiegand and Chun (18). 


In the present study, circulating drug levels were com- 
pared following single and repeated doses of erythromycin 
stearate and erythromycin estolate. Plasma levels of 
erythromycin base and the propanoate ester were mea- 
sured separately after dosing erythromycin estolate by a 
modification of the method of Tserng and Wagner (19). 


EXPEHIMENTAL 
Ten healthy male volunteers, 21-42 years old (mean 29) and between 


61 and 89 kg (mean 73), were in good physical condition with normal 
bltwd and urine laboratory values. There were no histories of drug allergy. 
Informed consent was obtained from each subject. 


Table  I-Summary of Treatments  


Num- 
bera Description 


1 


2 


3 


4 


5 


6 


7 


2 X 250-mg er thromycin estolate capsules with 250 ml of 


2 X 250-mg erythromycin estolate capsules with 250 ml of 


2 X 250-mg erythromycin estolate capsules with 25 ml of 


Erythromycin estolate suspension, 5 mg/kg, with 250 ml of 


2 X 250-mg erythromycin stearate tablets with 250 ml of 


2 X 250-mg erythromycin stearate tablets with 250 ml of 


2 X 250-mg erythromycin stearate tablets with 25 ml of 


water after greakfast 


water after overnight fast 


water after overnight fast 


water after overnight fast 


water after breakfast 


water after overnight fast 


water after overnight fast 


0 Each treatment was administered as a single dose and again following repeated 


Protocols-Subjects' were requested to take no drugs for 1 week be- 
fore a study and no drugs other than required erythromycin doses during 
a study. Subjects conducted their normal daily tasks during the entire 
experiment. 


Each subject received seven different treatments (Table I) randomized 
using one 7 X 7 Latin square and three rows of another. A t  least 2 weeks 
were allowed between treatments. Each treatment was administered as 
a single and repeated dosage regimen. 


Dosing and Sampling Schedules-Subjects fasted overnight before 
a treatment and ate no food except test meals until 4 hr postdosing. On 
the morning of a treatment, subjects drank 250 ml of water a t  least 1 hr 
before dosing. Drugs were administered a t  8 am. Blood samples (-6 ml) 
were taken from a forearm vein into vacuum tubes2 containing heparin 
as an anticoagulant a t  0,0.5, 1 ,2 ,4 ,6 ,8 ,  and 12 hr. Five additional and 
identical doses were given a t  6-hr intervals starting 24 hr after the initial 
dose, the final dose being given a t  8 am on the 3rd day. Further blood 
samples were then taken as after the initial dose. 


In Treatments 1 and 5, the first and last doses of erythromycin estolate 
or erythromycin stearate were given immediately following a standard 
breakfast of corn flakes with milk, two slices of buttered toast, coffee with 
cream, and 2 teaspoonfuls of sugar. Intermediate doses were taken im- 
mediately following normal meals, the 2-am dose being taken following 
a light snack. In all other treatments, the first and last doses were given 
in the fasting state while intermediate doses were taken a t  least 2 hr be- 
fore or after meals. With all single and repeated doses, the volume of water 
ingested with the drug dose was as indicated in Table 1. 


The dose of the suspension in Treatment 4 was selected on the basis 
of a recent recommendation that erythromycin suspension should be 
dosed at a level of 20 mg/ml/day for the treatment of streptococcal 
pharyngitis in children (20). Although this dosage is somewhat lower than 
that of the tablets and capsules, the dosage range was similar for a given 
individual. Therefore, the suspension data were considered together with 
those from other treatments, with adjustments where appropriate, while 
providing information on plasma drug levels obtained with this particular 
regimen. 


Erythromycin estolate capsules? and suspension4 and erythromycin 
stearate tablets5 were commercial products. 


doses. 


* Faculty, technical staff, or graduate students. 
Vacutainers. 
Ilosone capsules, 250 mg, Eli 1,illy and Co., Indianapolis, Ind. 
Ilosone liquid suspension, Eli Lilly and Co., Indianapolis, Ind. 
Filmtabs, Abbott Lahoratories, Chicago, Ill.; purchased from University Hos- 


pitals, Madison, Wis. 
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Table 11-Results of Statistical Comparison of Drug Levels in Plasma following Single-Dose Treatments  a 


Drug Level 
Compared 0.5 hr 1 hr 2 hr 4 hr 6 hr 8 hr 12 hr 


Ester 4 > 1,3 2-4 > 1 NSDC 1 > 2-4 1 > 2-4 1 > 2-4 1 > 2-4 
4 > 3  


1 > 2,4,6,7 Based 2,4 > 1,5 1 > 2-7 6,7 > 1-5 1 > 2,4 1 > 2,4 1 > 2-4,5,7 
4 > 3  5-7 > 2-4 5-7 > 2-4 5-7 > 2-4 6 > 2,5,7 5-7 > 2 


5-7 > 4 
Total? 4 > 1-3,5-7 2-4,6 > 1 4,6 > 5 1 > 2-7 1 > 2-7 1 > 2-7 1 > 2-7 


2,3 > 5,7 2-4 > 7 2,3,6 > 5,7 2-4 > 5-7 
4 > 3.5-7 


All data were analyzed by an analysis of variance while individual treatments were cwnpared by a paired t test. Differences were considered significant when p < 0.05. 
Comparison included total levels Plasma levels compared amon Treatments 1-4. No significant differences. d Plasma levels compared among Treatments 1-7. 


from all treatments, plasma levefs of erythromycin base from Treatments 5-7 being considered as total levels. 


Assay-Plasma samples from subjects receiving erythromycin stearate 
were promptly frozen (-20") until assayed. These samples were assayed 
for antibiotic activity with a microbiological cupplate  diffusion method. 
Samples were diluted when necessary with 0.05 M phosphate buffer, pH 
7.9. The test organism was Sarcina lutea (ATCC 9341) growing on neo- 
mycin assay agar6. 


All assays were done in triplicate. The relationship between the inhi- 
bition zone of bacterial growth and the logarithm of erythromycin con- 
centration was linear over plasma erythromycin concentrations of 
0.1-20.0 pg/ml. Assay reproducibility was f8% a t  the lower concentration 
range and i 3 %  a t  the higher. 


Plasmas from subjects receiving erythromycin estolate were assayed 
for both erythromycin 2'-propanoate and erythromycin base by a method 
adapted from one described previously (19). The major modification 
consisted of substituting the microbiological end-point for the fluoro- 
metric method used originally (19). The microbiological method was 
adopted because of its relative simplicity compared to the fluorometric 
procedure and also to avoid any interference by microbiologically inactive 
but fluorescing metabolites. 


Further small modifications were incorporated, and the method finally 
used was as follows. Immediately following separation from whole blood, 
plasma was divided to obtain two 1-ml portions. One portion was acidified 
with 2 ml of 0.1 M phosphate buffer, pH 5.7, and extracted twice with 2 
ml of ether. The ether extracts were combined. The other plasma portion 
was made basic with 2 ml of 0.1 M phosphate buffer, pH 8.5, and similarly 
extracted twice with 2 ml of ether. The ether extract of the acidified 
sample contained erythromycin 2'-propanoate while that of the basified 
sample contained both erythromycin 2'-propanoate and erythromycin 
base (19). Ether extracts were dried under nitrogen, and the residues were 
frozen until assayed. 


On the day of the assay, 2 ml of 0.05 M phosphate buffer, pH 7.9, was 
added to each tube. Tubes then were incubated with occasional shaking 
at 37" for 5 hr to ensure complete ester hydrolysis. Final dilutions, when 
required, were done with 0.05 M phosphate buffer, pH 7.9, and the hy- 
drolyzed samples were analyzed by the microbiological method described 
for erythromycin stearate. 


This procedure yielded plasma levels of both combined ester and free 
base and also of erythromycin 2'-propanoate only. Levels of free base were 


- ESTER -- U S E  
AFTER MEAL 


A FASTING 250ml 
FPSTlNG 25 ml 


HOURS 
Figure 1-Plasma levels of erythromycin 2'-propanoate and erythro- 
mycin base following single doses of erythromycin estolate capsules. 


Bacto Antibiotic Medium No. 11, Difco Laboratories, Detroit, Mich. 


obtained by subtraction. Repeated experiments with high purity drug 
standards showed that the assay achieved quantitative separation of 
erythromycin ester and free base. Equivalent amounts of erythromycin 
2'-propanoate and free base gave identical assay readings in repeated 
trials following the 5-hr hydrolysis at  37" and pH 7.9, indicating complete 
conversion of the bacterially inactive ester to the base during the hy- 
drolysis or during both the hydrolysis and incubation steps. 


Analysis-Circulating levels of erythromycin following intravenous 
doses were described in terms of a two-compartment model (21); levels 
following oral doses were described in terms of a one-compartment model 
with either first-order (16,22) or zero-order (17) absorption. 


T o  differentiate the two oral dosing models, individual data sets for 
erythromycin following Treatments 5-7 and for both the propanoate ester 
and total erythromycin activity following Treatments 1-4 were analyzed 
using the one-compartment model with first- and zero-order absorption. 
Circulating levels of erythromycin base from Treatments 1-4 were not 
sufficiently defined for pharmacokinetic analysis. 


In the first-order analysis, individual data sets were fitted to Eq. 1 
following single doses and appropriate expansions of this equation fol- 
lowing repeated doses: 


where C is the drug concentration in plasma; F is the fraction of the dose 
D absorbed; V is the apparent drug distribution volume; ka and kei are 
first-order rate constants for drug absorption and elimination, respec- 
tively; t is the time since dosing; and tlaK is the time elapsed between 
dosing and the time of appearance of measurable drug in plasma. 


In the zero-order analysis, individual data sets from single doses were 
fitted simultaneously to Eqs. 2 and 3 for times less than and greater than 
the times of peak drug levels, respectively, and appropriate expansions 
of these expressions following repeated doses: 


o w  4 '  A a b 8 ; A b lb  1'1 1; 
HOURS 


Figure 2-Plasma levels of total erythromycin activity following single 
and repeated doses of erythromycin estolate capsules. 
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Table 111-Results of Statistical Comparison of Drug Levels in Plasma following Repeated Doses * 
Drug Level 
Compared 0 hr 0.5 hr 1 hr 2 hr 4 hr 6 hr 8 hr 12 hr 


Ester 1 > 2-4 NSD NSD NSD 1 > 2-4 1 > 2-4 1 > 3,4 1 > 3  
Base NSD NSD NSD 5-7 > 1-4 5-7 > 1-4 6,7 > 1-4 6,7 > 3 1 > 2-7 


Total 1-4 > 5-7 1-4 > 5-7 1-4 > 5-7 1-4 > 5-7 1-3 > 5-7 1 > 2-7 1 > 3-7 1 > 3-1 
6 > 5  


4 > 5,7 2-4 > 5-7 2-4 > 5-7 2-4 > 5’7 
6 > 5  


0 Data were analyzed as in T a h k  11. Comparisons of ester, hase. and total drug levels were carried out as in Table 11. 


where ko is the zero-order rate constant for erythromycin absorption into 
the circulation, t , , ,  is the time of observed peak drug level in plasma, 
and other symbols are as defined for Eq. 1. 


In the first-order absorption case, initial estimates of k,,k,l, and FI)/V 
were obtained by standard graphical methods. Improved estimates of 
parameter values, together with statistical analysis, were obtained using 
the program NREG on a digital computer? (23). The value of tlay was held 
constant. The value of k,l also was held constant during computer fitting 
to prevent it from converging to the same value as k,. 


Convergence of these constants during computer-fitting procedures 
was reported previously (24, 25) and can be explained in terms of the 
nature of Eq. 1. When k, and k,l converge, usually due to  data variance 
or insufficient data points, the function FD/V[k , l (k .  - k , ~ ) ]  becomes 
a large number while the function [e-k.l(r-*ld - e--k.(r-flag)] becomes 
very small. Owing to the long word length of the computer, the product 
of the two functions becomes a very flexible term for data fitting, but 
meaningless values of k ,  and k,l are obtained. T o  avoid this analytical 
artifact, the more reliahle of the two constants, k , ~ ,  was fixed a t  the 
graphical values. 


Improved parameter estimates from single doses were used as initial 
estimates when computer fitting the repeated dose-plasma levels. In this 
case, both tl,, and k,l again were held constant. 


In the zero-order absorption case, initial estimates of the value k g / V  
were obtained by dividing computer estimates of FDIV,  obtained from 
the first-order case, by the value tmax - t lag.  i.e., the apparent drug ab- 
sorption time. Since there were only two variables, k g l V  and k,l, both 
were allowed to float during computer analysis. 


Plasma drug levels were compared between treatments by an analysis 
of variance and between particular treatments by a paired t test. Phar- 
macokinetic constants were similarly compared between treatments, 
between single and repeated doses, and, where appropriate, between 
pharmacokinetic models. 


RESULTS 


Plasma Levels-Mean plasma levels of erythromycin 2’-propanoate, 
erythromycin base, and total drug following single doses are summarized 
in Figs. 1-4. Statistical comparisons are given in Table 11. Mean plasma 
levels and statistical comparisons following repeated doses are summa- 
rized in Figs. 5-7, and statistical comparisons are given in Table 111. 
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Figure 3-Plasma levels of erythromycin 2’-propanoate and erythro- 
mycin base following single doses of erythromycin estolate suspen- 
sion. 


From the single-dose data, it can be seen that the absorption of both 
erythromycin estolate and erythromycin stearate was delayed by food. 
In Treatment 1, antibiotic was not observed in plasma until 1 hr after 
dosing; levels were observed within 0.5 hr with all other treatments. 


Whereas postprandial dosing of the stearate caused plasma erythro- 
mycin levels to be lower compared to an equivalent fasting treatment, 
circulating levels of the propanoate ester and also of the free base were 
higher when erythromycin estolate was dosed to nonfasted subjects. 


Although plasma levels of total drug tended to be higher from Treat- 
ments 1-4 compared to Treatments 5-7, higher levels of erythromycin 
base were obtained from the stearate dosage form regardless of how the 
drug was administered. While water volumes had little influence on the 
absorption of erythromycin estolate, plasma levels of erythromycin base 
were inhibited by low fluid volume after doses of erythromycin stearate 
to the same extent as by food. These latter results are consistent with 
those reported previously with a different brand of erythromycin stearate 
(16). 


Plasma levels of both the propanoate and the base from the suspension 
dosage were somewhat higher than those obtained from equivalent 
capsule doses (Treatment 2), despite the somewhat lower dose of the 
suspension. 


From Tables I1 and 111 and the figures, it is clear that  the trends ob- 
served following single doses continued with repeated dosing, although 
differences hetween treatments tended to be less significant. Following 
repeated doses of erythromycin estolate capsules, Treatment 1 continued 
to yield high levels of propanoate and, to a lesser extent, free base. In fact, 
plasma levels of free base were consistent a t  about 1.0 fig/ml, declining 
slowly throughout the sampling period. Levels of erythromycin base were 
again uniformly higher from the stearate doses than from the estolate 
doses, and Treatment 6 again resulted in higher erythromycin levels than 
did Treatments 5 and 7. 


The suspension dosage form yielded plasma levels of both the propa- 
noate and the free base similar to those of the capsule doses. No signifi- 
cant lag time of absorption was observed with the suspension. 


Plasma Level Ratios-Mean ratios of plasma propanoate ester to free 
base following estolate doses were somewhat high following Treatment 
2 and were generally higher after initial doses than after repeated doses. 
The overall ratio following repeated doses was 3.5. This value was fairly 
constant during the sampling period, and there were no trends between 
treatments. The ratio obtained was consistent with that reported earlier 
in blood, serum, plasma, and urine of subjects receiving repeated doses 
of erythromycin estolate (26). 


Pharmacokinetic Parameters-Model-independent parameters 
C,,,, t,,,, and areas under plasma level-time curves, are summarized 
in Table IV; statistical comparisons are given in Table V. The superior 


Univac model 1108. 
Figure 4-Plasma levels of erythromycin following single doses of 
erythromycin stearate tablets. 
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Table IV-Mean Peak Plasma Levels ( Cmax), Times of Peak Levels ( tmax). and  Areas a under  Plasma Profiles (f 1 SD) following Single 
and Repeated Doses 


Auc0-12 hrr AUCO -6 hrt 
Cmaxv rglml tman hr pg hrlml, pg hrlml, 


Treatment Single Repeated Single Repeated Single Repeated 


1 Ester 2.8 f 0.4 . 


Base 0.9 f 0.5 
Total 3.7 f 0.8 


2 Ester 1.5 f 0.7 
Base 0.4 f 0.3 
Total 1.8 f 0.8 


3 Ester 1.5 f 0.8 
Base 0.5 f 0.5 
Total 1.9 f 1.1 


4 Ester 1.6 f 0.7 
Base 0.5 f 0.3 
Total 1.9 f 0.9 


5 Base 1.4 f 0.7 
6 Base 1.7 f 0.5 
I Base 1.3 f 0.4 


0 Areas measured by trapezoidal rule. 


4.5 f 1.1 
1.8 f 0.6 
5.8 f 1.3 
3.7 1.1 
1.5 f 0.6 
5.0 f 1.4 
3.5 f 1.1 
1.7 f 0.7 
4.6 f 1.2 
3.7 f 1.3 
1.9 f 1.1 
5.3 f 2.2 
2.9 f 1.0 
3.5 f 1.0 
2.8 f 0.6 


4.4 f 1.1 2.4 f 0.8 17.3 f 2.9 23.8 f 6.5 
5.1 f 1.5 2.9 f 1.8 5.6 f 2.7 1.7 f 2.3 
4.7 f 1.0 2.8 i 0.9 23.4 f 5.6 31.5 f 7.6 
2.8 1.4 1.9 f 0.9 8.8 f 4.3 18.2 f 4.9 
4.4 f 1.8 1.9 f 1.8 2.0 f 1.2 7.3 f 3.2 


3.2 f 1.4 1.7 f 1.0 8.4 f 4.3 17.7 f 6.4 
4.2 f 1.8 2.9 f 2.8 2.8 f 2.9 6.6 f 3.1 


2.8 f 1.4 1.6 f 0.5 11.2 f 4.5 25.8 f 1.2 


3.2 f 1.4 
3.4 f 1.9 
3.5 f 1.7 


~ ~~~ 


1.6 f 1.4 
1.5 f 0.5 
2.0 f 1.5 


~~~~~ 


11.2 f 6.7 


2.6 f 1.7 


24.5 f 7.0 


8.1 f 4.8 
9.5 f 3.2 18.8 i 7.0 


absorption of erythromycin 2’-propanoate from Treatment 1 was re- 
flected in high C, values after single doses and greater area values after 
both single and repeated doses. Although Treatments 1-4 tended to yield 
higher Cmax and area values for total drug than the stearate treatments, 
values for the free base were generally higher with the stearate. Food gave 
rise to later tmax values compared to fasted treatments in most cases. 


Results obtained from pharmacokinetic analysis using the first-order 
absorption model after single and repeated doses are given in Tables VI 
and VII. Comparison of the r2 values shows that this model describes the 
repeated dose data somewhat better than those from single doses. 


Comparison of Tables VI and VII and the results from zero-order 
analysis in Table VIII indicates that, while the zero-order model may 
describe single-dose data somewhat better, the first-order model is su- 
perior following repeated doses. Using Treatment 2 as an example, the 
relative accuracy of the two models is indicated in Fig. 8. These curves 
were obtained from averaged data, but they illustrate the improved f i t  
by the zero-order model to singie-dose data and the somewhat better fit 
by the first-order model to the repeated dose data. 


The two models yielded different drug elimination rates. This differ- 
ence was partially artifactual since the value of k,l was held constant in 
the first-order case. However, the high correlations obtained with the 
first-order model, particularly after repeated doses, suggest that the visual 
estimates of k,l were quite accurate. The elimination half-lives obtained 
with the zero-order model were longer than reported values (6.21, 22) 
while those from the first-order model were in agreement with previous 
values. 


The comparisons in Table IX are somewhat varied, but the k. and tlag 
values indicate relatively slow absorption from Treatment 1 and, to a 
lesser extent, Treatment 5. 


Treatments 5-7 generally resulted in higher k.1 values than Treatments 
1-4, probably due to slow hydrolysis of the propanoate ester to free base 


3.6 f 1.6 2.0 f 1.3 12.0 f 4.8 26.3 f 11.8 
11.7 f 4.6 4.0 f 1.3 2.6 f 1.0 6.3 f 4.0 


2.4 f 0.8 2.9 f 1.0 9.3 f 3.5 15.4 f 4.3 
2.8 f 1.0 2.8 f 1.0 6.1 f 2.2 13.1 f 4.0 


Figure I-Plasma levels of erythromycin 2‘-propanoate and erythro- 
mycin base following repeated doses of erythromycin estolate cap- 
sules. 


in the body. The FDIV value, which is a rate-independent measure of 
relative bioavailability, was higher following Treatment 1 than following 
other estolate treatments after single doses and following Treatments 
2 and 3 after repeated doses. Treatment 1 yielded higher FDIV values 
for total drug activity than Treatments 3,5, and 7, while Treatments 2, 
4, and 6 gave higher values than Treatment 7. 


T o  obtain a more meaningful comparison of plasma drug levels ob- 
tained with suspension and capsule doses, C,.,, FDIV, and area values 
from single doses of the suspension (Treatment 4) were normalized to 
a dose of 500 mg. There were no significant differences between the 
normalized values and those obtained from Treatment 2. 


DISCUSSION 


The results show that, although erythromycin estolate gives rise to 
higher plasma levels of total antibiotic than equivalent doses of eryth- 
romycin stearate, it produces lower, if somewhat more consistent, levels 
of the free base. 


The.clinica1 significance of this finding is uncertain. Esters of eryth- 
romycin were found to be antibacterially inactive until hydrolyzed (27), 
yet in oivo studies in animals showed erythromycin 2’-propanoate to be 
a t  least as effective as erythromycin base in curing bacterial infections 
(28). The problem is compounded by the observation that the propanoate 
ester is more extensively bound to plasma proteins and may penetrate 
tissues less effectively than the free base, although evidence for this hy- 
pothesis is slight (18). 


The observation that food and reduced fluid volume both reduce 
erythromycin stearate absorption is consistent with results of previous 
studies (16). Increased absorption from erythromycin estolate in the 
presence of food was unexpected. However, increased estolate absorption 
from a suspension due to food was reported previously (12). 


Reduced absorption of the acid-labile erythromycin stearate due to 


n 


HOURS 
Figure 6-Plasma levels of erythromycin a’-propanoate and erythro- 
mycin base following repeated doses of erythromycin estolate suspen- 
sion. 
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Table V-Statistical Comparison of C,.,, t,.,, and AUC Values between Treatments following Single and Repeated Doses 


Cmax t max AlJCo -12 hr, AUCO -6 hr, 
Compound Single Repeated Single Repeated Single Repeated 


Base 5-7 > 2-4 5-7 > 1-4 1-3,5 > 6,7 NSD 1,s-7 > 2-4 5-7 > 1-3 
Ester 1 > 2-4 NSD 1 > 2-4 1 > 4  1 > 2-4 1 > 2-4 


6 > 1 > 2,4 6 > 5  6 > 5-7 6,7 > 4 
6 > 5  


4.6 > 7 6 > 5  5 > 6,7 5-7 > 2,4 3,4,6 > 5,7 6 > 5  
Total 1 > 2-7 1-4 > 5-7 1 > 2-7 1 > 2-4 1 > 2-7 1-4 > 5-7 


2,7 
Comparisons of ester, base, and total drug values were carried out as in Table 11. 


Table VI-Mean Values (f 1 SD) of Pharmacokinetic Constants Obtained from Analysis of Individual Single-Dose Data Assuming 
a One-Comoartment Model with First-Order Drug Inout and Elimination 


t 112 (absorbance), (elimination), FDIV,  
Treatmenta k , ,  hr-i hr kel,  hr-' hr &Iaa .  hr r d m l  r2 b 


1 Ester 0.34 f 0.09 2.2 f 0.7 0.22 f 0.05 3.3 f 0.7 0.8 f 0.26 5.4 f 1.2 0.94 f 0.02 
Total 0.34 f 0.10 2.3 f 0.7 0.22 f 0.04 3.5 f 0.9 0.8 f 0.26 7.2 f 2.0 0.94 f 0.02 


2 Ester 0.75 f 0.40 1.2 f 0.7 0.20 f 0.05 3.7 f 1.1 0.2 f 0.3 2.5 f 1.1 0.95 f 0.01 
Total 0.69 f 0.23 1.2 f 0.5 0.20 f 0.04 3.7 f 0.9 0.4 * 0.4 2.8 f 1.1 0.95 + 0.03 ~. . 


3 Ester 0.75 f 0.39 1.3 f 1.1 0.21 f 0.08 3.7 1.4 0.5 f 0 3 2.4 f 1.8 0.93 f 0.05 
Total 0.73 f 0 4 1 1.6 f 1.0 0.20 f 0.05 3.7 f 0.9 0.5 f 0.3 3.0 f 2.1 0.94 f 0.05 


4 Ester 0.67 f 0.39 1.5 f 1.0 0.22 f 0.07 3.6 f 1.5 0 2.8 f 1.6 0.96 f 0.03 
Total 0.61 f 0.32 1.5 f 0.9 0.24 f 0.07 3.1 f 0.7 0 3.5 f 2.0 0.96 f 0.05 


5 Base 0.61 f 0.28 1.4 f 0.5 0.37 f 0.07 2.0 f 0.4 1.3 f 0.6 2.6 f 1.8 0.87 f 0.07 
6 Base 0.59 f 0.22 1.4 f 0.6 0.36 f 0.09 2.0 f 0.5 0.6 f 0.4 3.5 f 1.2 0.94 f 0.04 
7 Base 0.61 f 0.19 1.3 f 0.5 0.30 f 0.05 2.4 f 0.4 0.6 f 0.3 2.1 f 0.07 0.91 f 0.05 


a Plasma erythromycin base levels from Treatments 1-4 were not subjected to pharmacokinetic analysis. * Coefficient of determination (L:hs - Z&v)/\;:b. 


Table VII-Mean Values (rt 1 SD)  of Pharmacokinetic Constants Obtained from Analysis of Individual Data following Repeated Doses 
Assuming a One-Compartment Model with First-Order Drug Input and Elimination 


t 112 (absorbance), t 1/2 (elimination), FDIV,  
Treatment, k , ,  hr-' hr kel, hr-I hr haR. hr r d m l  r2 


1 Ester 0.34 f 0.17 2.4 f 1.0 0.22 f 0.05 3.3 f 0.7 0.7 f 0.5 5.2 f 1.3 0.99 f 0.01 
Total 0.28 f 0.15 2.9 f 1.0 0.22 f 0.0s 3.2 f 0.6 0.6 f 0.4 7.1 f 1.6 0.99 f 0.01 


0.6 f 0.6 3.8 f 0.9 0.99 f 0.01 2 Ester 0.46 f 0.37 2.0 f 0.8 0.21 f 0.05 3.6 f 1.1 
Total 0.34 f 0.10 2.3 f 0.7 0.20 f 0.04 3.7 f 0.9 0.4 f 0.4 5.6 f 1.8 0.99 f 0.01 


3 Ester 0.40 f 0.14 2.0 f 0.7 0.21 f 0.08 3.7 f 1.4 0.1 f 0.2 4.0 f 2.2 0.99 f 0.01 
Total 0.37 f 0.12 2.1 f 0.7 0.20 f 0.05 3.7 f 1.0 0.2 f 0.3 4.9 f 1.7 0.99 f 0.01 


4 Ester 0.43 f 0.16 1.9 rt 0.9 0.22 f 0.07 3.6 f 1.5 0 4.2 f 2.1 0.99 f 0.1 
Total 0.37 f 0.16 2.3 f 1.4 0.30 f 0.18 2.9 f 1.0 0.2 f 0.3 5.6 f 2.0 0.99 f 0.01 


5 Base 0.48 f 0.24 2.1 f 1.8 0.37 f 0.07 2.0 f 0.4 0.6 f 0.6 4.4 f 1.5 0.91 f 0.06 
6 Base 0.49 f 0.15 1.8 f 1.1 0.34 f 0.07 2.1 f 0.5 0.5 f 0.4 5.5 f 1.8 0.93 f 0.06 
7 Base 0.43 f 0.23 1.4 f 1.7 0.30 f 0.05 2.4 f 0.4 0.3 f 0.4 3.8 f 1.3 0.93 f 0.08 


0 Plasma erythromycin base levels from Treatments 1-4 were not subjected to pharmacokinetic analysis 


Table VIII-Mean Values (f 1 SD) of Pharmacokinetic Constants Obtained from Analysis of Individual Single- and Multiple-Dose 
Data Assuming a One-Compartment Model with Zero-Order Input and First-Order Elimination 


Single Dose 
Treat- koFIV,  kel, t 112 (elimination), 


Repeated Dose 
t 1/2 (elimination), koFlV,  kel, 


menta figlmllhr hr-' hr r2 rg lmlh r  
1 Ester 1.1 f 0.2 0.12 f 0.05 


Total 1.4 f 0.3 0.18 f 0.04 
2 Ester 0.91 f 0.50 0.15 f 0.06 


Total 1.1 f 0.6 0.17 f 0.07 
3 Ester 0.82 f 0.42 0.22 f 0.11 


Total 0.95 f 0.45 0.19 f 0.07 
4 Ester 0.98 f 0.61 0.27 f 0.11 


Total 2.1 f 1.5 0.29 f 0.14 
5 Base 0.95 f 0.53 0.31 f 0.04 
6 Base 1.5 f 0.70 0.22 f 0.09 
7 Base 1.8 f 1.1 0.24 f 0.05 


4.2 f 1.5 
4.0 f 0.1 
5.5 f 3.4 
4.5 f 1.8 
3.9 f 1.9 
4.2 f 1.9 
3.8 f 4.0 
2.8 f 1.2 
2.3 f 0.3 
3.5 f 0.9 
2.9 f 1.1 


0.98 f 0.01 
0.98 f 0.01 
0.96 f 0.03 
0.96 f 0.01 
0.96 f 0.02 
0.96 f 0.02 
0.96 f 0.02 
0.94 f 0.05 
0.96 f 0.04 
0.95 f 0.04 
0.95 f 0.05 


1.4 f 0.5 
1.3 f 0.04 
1.2 f 0.6 
1.5 f 0.7 
1.0 f 0.5 
1.3 f 0.8 
1.0 f 0.6 
1.4 f 0.6 
1.6 f 0.7 
1.9 f 1.0 
1.1 f 0.3 


hr-i hr 


0.14 f 0.05 
0.13 f 1.0 
0.13 f 0.03 
0.11 i 0.02 


5.7 f 1.9 
5.8 f 1.4 
5.6 f 1.1 
6.9 1.4 - .  .- -. . - -. . 


0.12 f 0.03 
0.13 f 0.03 
0.12 f 0.03 


6.0 f 1.5 
5.7 f 1.3 
6.1 f 1.3 


0.38 f 0.51 
0.34 f 0.17 
0.34 f 0.18 
0.25 f 0.16 


3.8 f 1.9 
2.2 f 1.0 
2.8 f 2.4 
3.5 f 1.6 


0.98 f 0.02 
0.99 f 0.01 
0.97 f 0.03 
0.96 f 0.04 
0.95 f 0.09 
0.95 f 0.05 
0.96 f 0.04 
0.95 f 0.03 
0.95 f 0.03 
0.95 f 0.04 
0.94 f 0.07 


Plasma erythromycin base levels from Treatments 1-4 were not subjected to pharrnacokinetic analysis. 


Table IX-Statistical Comparison between Treatments of Some Pharmacokinetic Constants Described in Tables VI and VII 


ka k el t lac FDIV 
Compound, Single Repeated Single Repeated Single Repeated Single Repeated 


Ester 2-4 > 1 NSD NSD - 1 > 2,3 > 4 1.2 > 4 1 > 2-4 1 > 2,3 
Base NSD NSD 5 > 7  - 5 > 6,7 NSD 6 > 7  6 > 7  


b 


Total 2-7 > 1 NSD 5-7 > 1-4 - 1 > 2-4 1 > 3.4 1 > 2-7 1 > 3,5,7 
2,3,5-7 > 4 4 > 7  2,4,6 > 7 


Comparison of ester, base, and 
fixed at single-dose value. 


total drug values were carried out as in Table 11, except that erythromycin hase values were restricted to Treatments 5-7. k,, was 
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circulating erythromycin levels after oral dosing. After single-dose studies, 
plasma levels from both the estolate and stearate doses were described 
better using a zero-order absorption model. However, following repeated 
doses, the first-order model seemed more appropriate. The equivocal 
results obtained in this study contrast with those obtained by Colburn 
et al. (17) who presented considerable evidence of zero-order absorption 
using both enteric-coated erythromycin and film-coated erythromycin 
stearate tablets. 


As indicated by Colburn et al. (17), single-dose plasma levels of 
erythromycin poorly predicted those obtained following repeated doses, 
with observed C,,, values exceeding those predicted from single-dose 
data almost twofold. High drug levels during chronic dosing appear to 
be due to increased bioavailability, as reflected in FDIV values (Tables 
VI and VII), rather than absorption rates, which were somewhat lower 
after repeated dosing compared to single-dose values. Despite the poor 
relationship between single- and multiple-dose plasma levels of eryth- 
romycin, any treatment-dependent trends observed following single doses 


0 AFTER MEAL 
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FASTINC 2s rnl 


2 0 . 5 -  
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0 
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Figure 7-Plasma levels of erythromycin following repeated doses of 
erythromycin stearate tablets. 


food and also low fluid volumes may be expected because both factors 
are likely to delay stomach emptying relative to that occurring after large 
water volume doses in the fasted state. Increased absorption of eryth- 
romycin estolate may be due to a longer stomach residence time in- 
creasing the extent of dissolution of this relatively acid-stable drug form. 
When the drug eventually passes from the stomach into the small in- 
testine, it tends to be in solution form and is, therefore, rapidly and ef- 
ficiently absorbed. 


Results obtained with the erythromycin estolate suspension confirm 
that this dosage form gives rise to more rapid absorption than capsules. 
However, overall plasma levels are similar from the two formulations. 


This study has not determined the most appropriate model to describe 


- 
E . 
3 1 . 5 1  


f i s t  order, r2= -0 959 
zero order, r2= * 0 986 
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Figure g-Plasma curues obtained by fitting averaged data (0) from 
Treatment 2 following single (top) and repeated (bottom) doses using 
first- and zero-order absorption models. 
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Zwitterion-This compound was prepared in the same manner as the 
6-methoxy analog. A 68% yield of red-brown solid was obtained, mp 185' 
dec. 


Anal.-Calc. for C ~ ~ H ~ O F ~ N S Z :  C, 51.82; H, 3.32; N, 4.65. Found: C, 
52.16; H, 3.49; N, 4.35. 
6-Bromo-l-methyl-2-bis(2-methylthio)vinylquinolinium 10- 


dide-A mixture of 6-bromo-1-methylquinolinium-2-dithioacetic acid 
zwitterion (6.81 g, 0.0208 mole), iodomethane (10 ml), and dimethyl- 
formamide (40 ml) was allowed to stand at room temperature, with oc- 
casional shaking, for 17 hr. The dark-brown solid was filtered, washed 
with acetone, and dried a t  23' (0.2 torr) for 6 days, giving 4.81 g (4996 
yield), mp 194-197' dec.; NMR (dimethyl sulfoxide-dd: 8 2.50 (s,3H, 
SCH3), 2.63 (s,3H,SCHa),4.35 (~,3H,NCH3),6.65(s,lH,vinylH),and 
8.2-9.0 (m, 5H, ring H) ppm. 


Anal.-Calc. for C14H15BrINS2: C, 35.91; H, 3.23; N, 2.99; S, 13.70. 
Found: C, 35.55: H, 3.08; N, 2.94; S, 13.12. 
l-Methyl-2-bis(2-methylthio)vioylquinolin~um Iodide-The same 


procedure was used as the for 6-bromo analog. The resulting dark-yellow 
solid was washed with ether, recrystallized from water, and dried a t  25' 
(1.5 torr), giving a 15.5% yield of yellow crystals, mp 198-201' dec. [lit. 
(9) mp 203' dec.]; NMR (dimethyl sulfoxide-de): 8 2.55 (s,3H, SCHj), 
2.70 (s,3H, SCH3), 4.40 (s, 3H, NCH& 6.80 (s, lH, vinyl H), and 8.3-9.0 
(m, 6H, ring H) ppm. 
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Abstract A differential pulse polarographic method for the analysis 
of thyroid and thyroid tablets for total iodine, thyroxine, and liothyronine 
is described. The procedure for iodine, which is also applicable to indi- 
vidual tablet assay, consists of ashing the sample, converting iodide to 
iodate, and analyzing by differential pulse polarography. The procedure 
for thyroxine and liothyronine involves hydrolysis of the sample with 
barium hydroxide and isolation and separation of the iodoamino acids 
using ion exchangers, followed by differential pulse polarographic de- 
termination in a supporting electrolyte composed of 0.5 N Na2C03 in 20% 
2-propanol containing 1% tetrabutylammonium bromide. The differential 
pulse polarographic results for iodine agree with values obtained using 
the USP XIX procedure, and the quantities of thyroxine and liothyronine 
found agree with literature values. 


Keyphrases 0 Thyroid-differential pulse polarographic analysis of 
iodine, thyroxine, and liothyronine in hormone and tablets 0 Polarog- 
raphy, differential pulse-analysis of iodine, thyroxine, and liothyronine 
in thyroid hormone and tahlets Indine-differential pulse polaro- 
graphic analysis in thyroid hormone and tablets Thyroxine-differ- 
ential pulse polarographic analysis in thyroid hormone and tablets 0 
Liothyronine-differential pulse polarographic analysis in thyroid hor- 
mone and tablets 


The thyroid gland produces various iodoamino acids 
that are derivatives of thyronine and tyrosine including 
thyroxine, liothyronine, 3,3',5'-triiodothyronine, 3,5-di- 


iodothyronine, diiodotyrosine, and monoiodotyrosine (1, 
2). The major biological activity is present only in thy- 
roxine and liothyronine. 3,3',5'-Triiodothyronine and 
3,5-diiodothyronine have little or no biological activity and 
are present in small amounts; diiodotyrosine and mo- 
noiodotyrosine have no biological activity. 


BACKGROUND 
The USP XIX method for the estimation of thyroid potency involves 


the determination of total iodine. The compendia1 assay requires ashing 
the sample with potassium carbonate, which releases iodide inn. The 
chemical transformations consist of oxidation of iodide to iodate, re- 
duction to iodine, and, finally, titration with sodium thiosulfate. 


This titrimetric procedure is not applicahle to individual tablet analysis 
because it lacks sufficient sensitivity. For this reason, B procedure that 
requires a Schoniger flask oxygen combustion treatment followed by the 
chemical transformations is used. However, the determination of total 
iodine is a nonspecific test for thyroid potency since iodine is available 
from biologically inactive compounds as wet1 as the biologically active 
hormones. This assay is used because total iodine is relatively simple to 
determine accurately. 


A better indication of thyroid potency would be the determination of 
the biologically active hormones, thyroxine and liothyronine. The de- 
velopment of a simple and reliable method for their determination has 
been a challenge. The approach has been to hydrolyze the sample by 
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heating in an alkaline medium, followed by isolation of the hormone8 by 
extraction into I-butanol prior to the determinative step. The separation 
of thyroxine from liothyronine recently was accomplished using ion ex- 
changers (3). Several methods involve TLC (1) and GLC after derivati- 
zation (2). 


This paper reports an investigation of differential pulse polarography 
in the analysis of thyroid. Iodine is determined by conventional dc po- 
larography, and thyroxine and tyrosine also have been determined by 
this method (4-6). Its application to thyroid analysis is not practical, 
however, because of the lack of sensitivity, which is largely due to the 
capacitance current contribution to the Faradaic current. In differential 
pulse polarography, this difficulty is reduced so that this technique is well 
suited to the analysis of thyroid for total iodine, thyroxine, and Iiothy- 
ronine. 


EXPERIMENTAL 


Apparatus and Polarographic Conditions-A polarographic ana- 
lyzer' was equipped with a drop timer in conjunction with three elec- 
trodes: dropping mercury, saturated calomel, and platinum wire auxiliary. 
The drop timer was set at 1 sec, and the dropping mercury electrode had 
a flow rate of 0.80 mg/sec. The height of the mercury column was 70 
cm. 


Other conditions were: current range, 1-5 ramp; pulse amplitude, 100 
mv; and scan rate, 5 mv/sec. The potential range scans, in volts, were: 
iodate, from -0.9 to -1.50; and iodoamino acids, from -0.6 to -1.7. All 
polarograms were recorded on an x-y recorder*. 


A pH meterY was fitted with a combination glass-saturated calomel 
electrode. 


Reagents and Chemicals-All chemicals were reagent grade, unless 
otherwise specified. 


The potassium carbonate was purified to remove iodide. The following 
procedure was used. Dissolve about 100 g of potassium carbonate in 200 
ml of water, add 25g of 20-50-mesh ion-exchange resin4, and agitate for 
30 min. Filter, evaporate to dryness on a hot plate, and heat a t  675O for 
25 min. Then cool to room temperature. 


The iodoamino acids" used were thyroxine (T4, 3,5,3',5'-tetraio- 
dothyronine), liothyronine (T:c, 3,5,3'-triiodothyronine), 3,3',5'-triiodo- 
thyronine (Ty), 3.5-diiodothyronine (Tz), diiodotyrosine, and monoio- 
dotyrosine. The ion-exchange resins used were 200-400-mesh AG 1 X 26, 
QAE-Sephadex A-257, and SP-Sephadex C-2S7. 


Preparation of Solutions-Standard Solutions-The standard io- 
date stock solution containing 1000 ag of  iodinelml is prepared by dis- 
solving 1.6860 g of potassium iodate in water and diluting to 1 liter. 


The working standard iodate solution contains 1 rg of iodine/ml. Dilute 
with water, stepwise, aliquots of the standard iodate stock solution to 
achievea concentration of lOrg of iodinehl.  Pipet 10 ml of thissolution 
into a 100-ml volumetric flask containing 8.0 g of potassium carbonate 
dissolved in ahout 20 ml of water. Then add 1 ml of bromine water and 
mix. Add about 10 mg of sodium sulfite to remove the excess bromine, 
mix, and dilute to volume. 


Standard thyroxine and liothyronine solutions are prepared in the 
same manner. Add 10 mg of compound, accurately weighed, to separate 
10-ml volumetric flasks. Add about 5 ml of water, then add dropwise 1 
N NaOH to dissolve the amino acid salts, dilute to volume with water, 
and mix. Protect from light. 


Supporting Electrolyte for Liothyronine and Thyroxine-Dissolve 
5.3 g of sodium carbonate in about.30 ml of water. Then add 20 ml of  2-  
propanol, 1.0 g of tetrabutylammonium bromide, and 10 ml each of sat- 
urated aqueous solutions of sodium sulfite and disodium ethylenedi- 
aminetetraacetate. Dilute to 100 ml with water and mix. Adjust the pH 
to 11.6 with 5 N NaOH. 


Elution Solutions-Solution A contains 0.02 M NaOH in water. For 
Solution H, dissolve 12.1 g of tris(hydroxymethy1)aminomethane ( I )  and 
11.8 g of succinic acid in 1 liter of water. Adjust the pH to 8.7 with 0.1 N 
NaOH. 


To prepare Solution C, dissolve 12.1 g 0 1  I and 11.8 g of succinic acid 
in 1 liter of 30% (v/v) 2-propanol in water. Adjust the apparent pH to 8.7 


Princeton Applied Research model 174. 


Amberlite IRA-400. 
Courtesy of Joseph H. Graham. Food and Drug Administratiiin, Washington, 


BioRad Laboratories. Richmond, Calit. 
Pharmacia Fine Chemicals. Piscatawuy. N.J. 


* Houston Omnigraphic model 2000. 
3 Beckman Zeromatic 55.3. 


D.C. 


with a solution of 4 g of sodium hydroxide in 1 liter of 30% (v/v) 2-pro- 
panol in water. 


For Solution D, dissolve 12.1 g of I and 11.8 g of succinic acid in 1 liter 
of 30% (v/v) 2-propanol in water. Adjust the apparent pH to 6.3 with a 
solution of 4 g of sodium hydroxide in 1 liter of 30% (v/v) 2-propanol in 
water. 


Solution E is 2.5 M acetic acid in water, and Solution F is 12.0 M acetic 
acid in water. 


Preparat ion of Columns-Plastic, I-cm diamete9 columns are 
packed as follows: Column 1, f i l l  to a depth of 4 cm with QAE-Sephadex 
A-25 in 0.02 N NaOH; Column 2, fill to a depth of 4 cm with a mixed-bed 
exchanger, 40% SP-Sephadex C-25 and 60% QAE-Sephadex A-25 in 
Solution B and Column 3, fill to a depth of 1 cm with 20Q-400-mesh AG 
I X 2 resin in 7 M acetic acid in water. Place a small pledget of glass wool 
on top of the resin. 


Determination of Iodine-Composite Assay Solution-Weigh and 
finely powder not less than 20 tablets. Weigh a portion of powder con- 
taining about 60 mg of thyroid into a Vycor crucible, mix with 4 g of po- 
tassium carbonate, and overlay with 4 g of potassium carbonate. Place 
the crucible in a preheated muffle furnace a t  675-700" for 25 min. Cool, 
dissolve the residue in 20 ml of hot water, and filter through a glass wool 
plug into a 100-ml volumetric flask. 


Wash the crucible with two additional 20-ml portions of hot water and 
add these portions through the glass wool plug to the volumetric flask. 
Add 1 ml of bromine water, mix, add about 20 mg of sodium sulfite, and 
mix. Cool to room temperature and dilute to volume. 


Individual Tablet Assay Solution-Weigh and finely powder each 
tablet: Weigh a portion of powder containingabout 15 mg of thyroid into 
a Vycor crucible and mix with 1 g of potassium carbonate. Place into a 
preheated muffle furnace a t  675-700" for 25 min. Cool, dissolve the res- 
idue in 10 ml of hot water, and filter through a glass wool plug into a 25-1111 
volumetric flask. 


Wash the crucible with two 5-ml portions of hot water and add these 
portions through the glass wool plug to the volumetric flask. Add 1 ml 
of bromine water, mix, add ahout 20 mg of sodium sulfite, and mix. Cool 
to room temperature and dilute to volume. 


Polarographic Procedure-Polarograph individually the composite 
assay solution, the individual tablet assay solution, and the working 
standard iodate solution as follows. Add about 10 ml of the solution to 
be assayed to the polarographic cell, deaerate for 5 min with nitrogen, 
and then polarograph using the described conditions. Measure the peak 
heights of the sample and the standard peaks that occur a t  approximately 
-1.18 v uersus the saturated calomel electrode and calculate the percent 
iodine in the sample. 


Determination of Thyroxine and  Liothyronine-Weigh and finely 
powder not less than 20 tablets. Weigh a portion of powder containing 
about 0.2 g of thyroid into a 20-ml polyethylene screw-capped vial. Add 
1.5 g of barium hydroxide octahydrate and 4 ml of water. Close the vial 
tightly, shake vigorously to mix the contents, and place in an oven a t  95" 
for 6 hr. Transfer the contents of the vial with the aid of water to a 25-1111 
volumetric flask, cool to room temperature, dilute to volume, and mix. 
Allow any precipitate to settle. Label this solution the sample solu- 
tion. 


T o  another 25-ml flask, add 100 u1 each of standard thyroxine and 
liothyronine solutions, 1.5 g of barium hydroxide, and about 20 ml of 
water. Mix and then dilute to volume. Label this solution the standard 
solution. Carry lt5 ml of the standard solution through the chromato- 
graphic procedure in the same manner as the sample solution. 


Feed a 15-ml aliquot of the sample solution to Column 1 and wash the 
column with 10 ml of Solution B or until the eluate pH is 8.7. Discard this 
eluate. Arrange the columns so that Column 1 elutes into Column 2, which 
then elutes into Column 3, which elutes into a waste beaker. Elute with 
20 ml of'Solution C. Remove Column 3, which now retains liothyronine. 
Place a new Column 3 under Columns 2 and 1 and elute with 20 ml of 
Solution D. Remove this second Column 3, which now retains thyroxine. 
Wash both columns with 5 ml of Solution E and discard the washings. 


Elute liothyronine and thyroxine from the individual columns into 
glass evaporating dishes with 5 ml o f  Solution F. Evaporate the eluates 
to dryness at  60' with a current of nitrogen. Reserve the residue obtained 
from the liothyronine and thyroxine standard solutions for later use. 
Dissolve the sample residue in 5 ml o f  supporting electrolyte for liothy- 
ronine and thyroxine and transfer to the polarographic cell. Wash the 
evaporating dish with one h n l  and one 2-ml portion of the supporting 
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Figure 1-Differential pulse polarogram of iodate. Key: 1 ,  reagent 
blank; and 2, thyroid tablets. 
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Figure 2-Differential pulse polarogram of liothyronine standard. 
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Figure 4-Differential pulse polarogram of 3,3',5'-triiodothyronine 
standard. (This standard contained an impurity, probably liothyron- 
ine.)  
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Figure 5-Differential pulse polarogram of 3,5-diiodothyronrne stan- 
dard. 
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Figure 3-Differential pulse polarogram of thyroxine standard. 


electrolyte for liothyronine and thyroxine and transfer to the polaro- 
graphic cell. Bubble nitrogen through the cell for 5 min and polarograph 
according to the described conditions. 


Add the solution from the polarographic cell containing the sample 
to the evaporating dish containing the appropriate standard residue 
(either liothyronine or thyroxine) and swirl to dissolve. Quantitatively 
transfer the solution to the cell, wash the evaporating dish with solution 
in the cell, and then transfer back to the cell. Bubble in nitrogen for 3 rnin 
and polarograph using the same conditions as before. Calculate the 


L 
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Figure 6-Differential pulse polarograms of rnonoiodotyrosine and 
diiodotyrosine standards. 


percent of the hormone in the sample by the method of standard addi- 
tions. 


RESULTS AND DISCUSSION 


Typical differential pulse polarograms of iodate and the iodoamino 
acid standards are shown in Figs. 1-6. Although only liothyronine and 
thyroxine are o f  interest, 3,3',5'-triiodothyronine, Y,S-diiodothyronine. 
diiodotyrosine, and monoiodotyrosine also were polarographed for 
comparison. Apparently, the sequential reduction of organically bound 
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Table I-Qualitative and Quantitative Differential Pulse Polarographic Behavior of Iodate and Iodoamino Acids Found in Thyroid 


Ep, v, versus 
Saturated Calomel Correlation 


Solution Concentration*, pglml Coefficient* Compound Electrode 


Iodate -1.18 0.20 (0.22) 0.70 (0.75) 1.70 (1.66) 3.70 (4.02) 8.70 (9.74) 1.000 
Liothyroninec -1.06, -1.38, -1.53 2.34 (0.05) 8.19 (0.18) 19.89 (0.44) 31.59 (0.70) 43.29 (1.02) 0.999 
Thyroxinec -1.03, -1.34, -1.53 2.48 (0.06) 8.68 (0.21) 21.08 (0.55) 33.48 (0.95) 45.88 (1.26) 0.999 
3,3',5'-Triiodothyronine -1.34, -1.53 
3.5-Diiodothyronine -1.13, -1.46 
Diiodotyrosine -1.52 
Monoiodotyrosine N.R.d 


First peak used for quantitation. d No reduction before the decomposition of supporting electrolyte. 
Corresponding peak height in microamperes is given in parentheses. * Linear correlation coefficient showing relationship between concentration and peak height. 


Table 11-Analysis of Thyroid Powder for Iodine, Liothyronine, 
and Thyroxine Using the Differential Pulse Polarographic 
Method 


Liothyronine, % Thyroxine, % Iodine", % 


0.017 0.051 0.023 
0.016 0.046 0.200 
0.016 0.052 0.204 
0.015 0.049 0.206 


Average 0.016 0.050 0.203 
S D  0.001 0.003 0.003 


USP XIX method for iodine shows 0.202%. 


iodine proceeds as follows. The first peak results from reduction of iodine 
in the 5-position, the second peak results from the reduction of iodine 
in the 3'- and 5'-positions, and the third peak results from reduction of 
the iodine atom in the 3-position. 


Table I summarizes the differential pulse polarographic behavior of 
iodate and six iodine-containing compounds found in thyroid. The cor- 
relation coefficients given in Table I indicate that a linear relationship 
exists between concentration and peak height for all three species of in- 
terest. 


Thyroid is hydrolyzed by heating with barium hydroxide in a poly- 
ethylene vial. This procedure is more convenient than the common 
practice of using bottles or centrifuge tubes fitted with air condensers. 
After hydrolysis with barium hydroxide, liothyronine and thyroxine 
usually are isolated by extraction into I-butanol, after which the alcohol 
is removed by evaporation. In this work, this time-consuming procedure 
was eliminated by use of an ion-exchange column that retained liothy- 
ronine and thyroxine. Then the two hormones were separated from each 
other by chromatography on mixed-bed resins and elution with solutions 
containing I-propanol adjusted to a desired pH with buffers. The 
liothyronine and thyroxine standards also were subjected to the chro- 
matographic procedure to compensate for possible adsorption on the 
columns and light-catalyzed degradation. 


0.6 0.8 1 .o 1.2 1.4 1.6 
-E, v, VERSUS SATURATED CALOMEL ELECTRODE 


Figure 71Differential pulse polarogram of liothyronine sample. Key: 
I ,  reagent blank; 2, hthyronine as derioed from thyroid; and 3, after 
addition of liothyronine standard. 


Table 111-Analysis of Thyroid Tablets of Various Strengths 
Using the Differential Pulse Polarographic Method and the USP 
XIX Procedure 


Strength, Differential Pulse Polarography USP XIX, 
mg Liothyronine, % Thyroxine, % Iodine, % Iodine, % 


lf i  0.016 0.040 0.196 0.200 _ _  . ._. 


65 0.016 0.043 0.197 0.209 
130 0.019 0.040 0.213 0.211 
325 0.014 0.018 0.203 0.202 


The constituents of the eluting solution must not be polarographically 
active in the region of interest, because traces always coelute with the 
iodoamino acids and can interfere. For this reason, succinic acid, instead 
of the polarographically active maleic acid, was used. Furthermore, to 
eliminate metal impurities such as zinc and to aid in the removal of dis- 
solved oxygen, it was necessary to add disodium ethylenediaminetetra- 
acetate and sodium sulfite to the supporting electrolyte. 


The polarograms obtained in the reduction of iodoamino acids vary 
considerably with minor changes in the composition of the supporting 
electrolyte and the pH. To compensate for these variables, a quantitation 
procedure was employed using the method of standard addition. The 
volume of the supporting electrolyte containing the sample need not be 
known since a known weight of the standard is dissolved in this solution 
so that no volume change occurs as a result of the standard addition. This 
procedure simplifies the analysis and calculations. If several samples are 
to be analyzed, however, it may be advantageous to perform quantitations 
based on the calibration curve. In the latter case, accurate dilutions to 
volumes would be necessary. Figures 7 and 8 are polarograms obtained 
during the analysis of thyroid powder. 


A,.- i--, I.. 
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Figure 8-Differential pulse polarograrn of thyroxine sample.,Key: 1 ,  
reagent blank; 2, thyroxine as derived from thyroid; and 3, after addition 
of thyroxine standard. 
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Thyroid and thyroid tablets ranging in strength from 16 to 325 mg were 
analyzed for total iodine, liothyronine, and thyroxine by the proposed 
method. In addition, total iodine was determined by the USP XIX pro- 
cedure. The results are given in Tables I1 and 111. The iodine results agree 
with the USP analysis, and the values of liothyronine and thyroxine found 
in thyroid agree with literature results (1). 


The procedures described in this work are relatively straightforward 
and are specific for the analysis of thyroid since intact liothyronine and 
thyroxine are determined. 
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Abstract  Intravenous bolus injections of 14C-laheled acetazolamide 
were made in rabbits. Plasma, urine, and washed red blood cell concen- 
trations were measured, the latter indicating bound drug. AUTOAN and 
NONIJN were used to f i t  the plasma data to a linear two-compartment 
model. However, utilization of the urine and red blood cell data suggested 
that a nonlinear model was more appropriate. The developed nonlinear 
system uses a one-compartment model with two tissue-binding param- 
eters. The system simultaneously fits three equations describing drug 
in the plasma, in the body, and bound to  red blood cells. Six parameters 
were estimated. The initial plasma concentration and the maximum 
amount bound to tissue protein (minus red blood cell protein) correlated 
with dose. The dissociation constant from this protein fraction suggested 
that it is composed mainly of the enzyme, carbonic anhydrase. The dis- 
sociation constant for the red blood cell fraction suggested that the drug 
binds to other protein in addition to carbonic anhydrase. The elimination 
constants were quite similar, indicating little variation from one animal 
to another. Utilization of the concepts of site and mechanism of action 
in this model should be of considerable help in relating drug concentration 
to pharmacological response. 


Keyphrases 0 Acetazolamide-nonlinear pharmacokinetic model, 
plasma, urine, and red blood cell data, intravenous bolus injection of 
14C-acetazolamide 0 Pharmacokinetics-nonlinear model proposed for 
acetazolamide Models-nonlinear pharmacokinetic model proposed 
for acetazolamide 


The efficacy and safety of drug therapy are commonly 
thought to be functions of the drug concentration at  the 
site of action, but measurement of the drug concentration 
in remote tissues is usually difficult or impossible. Mea- 
surement of drug in the plasma is convenient and relatively 
easy, however, and plasma drug levels, although recognized 
to be vaguely related to effect, are used to evaluate thera- 
PY. 


The common utilization of plasma levels to develop 
pharmacokinetic models and equations describing drug 
behavior in the body likewise depends largely on plasma 
measurements and thus yields equations that describe 
plasma levels quite accurately but that may not give useful 
estimates of drug concentrations in other tissues. 


Recently, attention has been focused on equations that 
describe the time course of drug effect and that relate ef- 
fect to plasma or peripheral compartment concentrations 
(1, 2). Pharmacokinetics must move in this direction to 
achieve the goal of enhancing effective and safe drug usage. 
This paper deals with such research on a well-known drug, 
acetazolamide. 


Acetazolamide was selected since it was reported to be 
excreted entirely by the kidney in unchanged form (3,4), 
its activity being uncomplicated by active metabolites. 
Furthermore, the mechanism of action is the inhibition of 
carbonic anhydrase (3,5).  The target organs of primary 
interest are the kidney, where the drug induces diuresis (3, 
6), and the eye, where it causes reduction in intraocular 
pressure (5,7-9). 
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Figure 1-Semilog plot of plasma acetazolamide copcentration versus 
time. 
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OPEN FORUM 


Benzoyl Peroxide Analysis 


In a recent paper’ in this Journal, “High-pressure Liquid 
Chromatographic Assay of Benzoyl Peroxide in Dermatological Gels 
and Lotions,” the authors questioned the validity of a TLC system 
described by our laboratories in a paper2 entitled “The Stability of a 
Benzoyl Peroxide Acne Cream Product.” The reliance on removing 
and measuring spectrophotometrically an extract from the solvent 
front of a chromatogram was recognized, and a subsequent paper3, 
“An Improved TLC Procedure for the Quantitative Determination of 
Benzoyl Peroxide in Acne Creams,” was published. This procedure 
utilized acetonitrile-water (1:l) in a reversed-phase system on an 
acetylated support, and complete resolution was achieved with 
benzoyl peroxide (Rf  0.42), benzoic acid (Rf 0.9-LO), and other 
isolable impurities. Excellent assay agreement was obtained between 
this method and an iodometric titration procedure in deliberately 
degraded cream formulations. The fact that the iodometric titration 
procedure was proven to be stability indicating suggests its use as an 
assay method in terms of economics and simplicity over 
chromatographic methods. 


D. L. Simmons 
Research and Development 
Frank W. Horner Ltd. 
Montreal, Canada H3C 2W6 


Received March 26,1979. 
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Drug Stability in Veterinary 
Dosage Forms 


The January 1979 issue of this Journal contained an editorial on 
“Consistency in Stability Testing”]. This timely editorial was of great 
interest to the Review Chemists in the Bureau of Veterinary Medicine 
of the Food and Drug Administration because they are deeply 
involved in the review and evaluation of stability testing of drug 
products. 


The Bureau of Veterinary Medicine is a counterpart to the Bureau 
of Drugs, though with a smaller contingent of Review Chemists. The 
public only hears about veterinary medicine on such issues as DES, 
nitrites, nitrofurazones, and low-level antibiotics. The Bureau, 
however, has a much larger responsibility in approving drugs for 
animal use. Such critical areas as animal safety and human safety 
must be considered in addition to the effectiveness of the drug. The 
process of approval is just as intense as that for human products. In 
many cases, the approval is more critical since food products are 
involved. 


(identical in many cases to the human dosage forms except for 
labeling), as medicated feed preparations (premixes, supplements, 
and complete feeds), and as other forms such as medicated blocks. 


Bureau Review Chemists are responsible for evaluating the 
manufacturing operations related to the production of the final 
products to ensure that they meet the standards they purport to 
possess. 


Stability is an important issue for veterinary products just as it is 
for human products. In fact, the issue is much more complex because 
of the variety of products and use patterns. Because of these 
complexities and often questionable areas of stability testing for 
veterinary products, the Bureau of Veterinary Medicine developed a 


Veterinary drug products are sold as pharmaceutical dosage forms 


set of guidelines for industry and reviewer use. The Bureau issued the 
Guidelines in July 1976 with a Federal Register2 notice of availability 
in November of the same year. The Guidelines were updated in 
February 1978. 


For veterinary products, stability is probably more critical and 
harder to focus on. Because of obvious reasons, human drug products 
enjoy a much higher plateau in the various fields of research and 
methods development. Human products are often used under 
controlled situations or conditions-stored in pharmacies and used 
in clinics, hospitals, and households. Probably the only controlled 
conditions for veterinary product usage, however, are in veterinary 
clinics, hospitals, or offices. Use by farmers of drugs purchased by 
them or dispensed to them leaves much to be desired as far as 
stability and shelflife are concerned. Many animal drugs are subjected 
to higher temperatures and abuse than human drug counterparts. 
However, as provided under our laws, a veterinary drug is a “drug” 
and must meet the requirements and individual standards of strength, 
quality, purity, and identity as proclaimed by the Act. The drug must 
also be manufactured under the cGMPs as published by the FDA. 


We, in the Bureau of Veterinary Medicine, feel the Guidelines we 
have issued are meaningful and provide the guidance needed by 
industry. Many companies concerned with human pharmaceuticals 
are currently using our Guidelines. The Guidelines represent our best 
scientific judgment on the topic and should be used as just that- 
“guidelines.” Our general position is that every product is unique and 
must “stand on its own” as far as stability is concerned. 


Copies of the drug Guidelines can be obtained by writing to the: 
Food and Drug Administration, Bureau of Veterinary Medicine, 
Industry Relations Branch, HFV-226,5600 Fishers Lane, Rockville, 
MD 20857. 


John R. Markus 
Scientific Evaluation 
Bureau of Veterinary Medicine 
Food and Drug Administration 
Rockville, MD 20852 


Received April 19,1979. 


E. C. Feldmann, J. Pharm. Sci.,  68 (l), I(1979). 
2 Fed. Regist., 44,48150 (Nov. 2,1976). 


Unified Theory of  Anesthesia 


The current diversity of theories of narcosis indicates a lack of 
understanding of the mechanism of anesthesia a t  the molecular level. 
Ecanow and have proposed a hypothesis that integrates 
the descriptive, clinical, and laboratory data concerning individuals 
in a state of anesthesia. 


This hypothesis is based on the concept that neuronal cells, like all 
cells, have membranes in the coacervate state; that is, the membrane 
exists as an aqueous phase that is in a different thermodynamic state 
than that of the surrounding aqueous plasma and interstitial fluids3. 
The addition of a small increment of drug to a coacervate phase 
produces a change in structuring, which results in a free energy 
change which is chiefly entropic. Accompanying the free energy 
change are pharmacological 


The colloid theory initially proposed by Claude Bernard in 1875 
and subsequently elaborated by others suggested that a reversible 
aggregation of cell colloids causes or accompanies anesthesia. This 
reversible aggregation is precisely what occurs upon the introduction 
of an anesthetic agent to the colloidal system known as the coacervate 
phase. The change in aggregation relationships is measured by 
changes in physicochemical properties3. These changes, in turn, 
correlate with the ranking of clinical potencies in a series of 
depressant drugs2. 


parallelism between the affinity for a lipid phase and its resultant 
central nervous system (CNS) depressant action. The affinity is 


The lipid theory advanced by Meyer and Overton proposes a direct 
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Table 11-Physical and Analytical Data  for Probe Molecules and 
New Compounds8 


Optical 
Com- Melting Rotationb, Analysis, 9h 
pound Point (a18 Formula Calc. Found 


I 112-114" +29' 


I1 116-118°' -30' 


111 166-168O +74O 


IV 164-168' -72' 


V 202-204' 0" 


V I  84-86' O0 


H 5.9 6.12 
I 22.1 21.90 
N 2.4 2.11 
C 58.4 58.20 
H 5.9 5.77 
I 22.1 22.46 
N 2.4 2.34 
C 52.0 51.78 .~ 


H -6.4 6.24 
I 23.9 24.19 
N 2.6 2.47 
c 52.0 51.83 
H 6.4 6.57 
I 23.9 23.73 
N 2.6 2.49 
C 58.2 58.21 
H 5.0 4.99 
I 22.8 22.66 
N 2.5 2.25 
C 74.8 74.57 
H 7.2 7.33 
N 3.2 3.03 


0 Reported only for new compounds and for VI because of a discrepancy in 
melting-point data for this compound. b All rotations determined as (c 0.5, ethanol). 


Obtained as amorphous solids. 


from light. The solvent was then removed under reduced pressure, and 
the racemic derivative was crystallized from either ethanol or water while 
enantiomeric derivatives yielded soft, tar-like materials. The enan- 
tiomeric tars were taken up in acetone, which was then evaporated to 
produce fine amorphous powders. Final yields were: racemic material, 
75%; I, 67%; and II,17%. Physical data for probe compounds are recorded 
in Table 11. 


Quaternization with Ethyl Iodide-Either ( S ) -  or (R)-laudanosine 
(3.57 g, 0.01 mole) was dissolved in ethanol (100 ml), ethyl iodide (1.6 ml, 
0.02 mole) was added, and the mixture was refluxed gently for 12 hr. The 
solution was evaporated, and the residue was recrystallized (six times) 
from ethanol until its NMR spectrum and TLC showed only the trans- 
product. Final yields were: 111,1416; and IV, 10%. 


Quaternization of VI-To a solution of VI (2.17 g, 0.005 mole) in 
methanol (50 ml) was added methyl iodide or methyl iodide-da (0.01 
mole). The mixtures were refluxed gently for 6 hr under nitrogen while 
protected from light. The solvent was removed by evaporation, and the 
initial reaction product mixture residues were used for NMR studies. 


cis-trans-Equilibration Reactions-A chloroformic solution of 
trans-(f)-N-benzyUaudanosinium iodide or of the residue obtained from 
quaternization of VI was subjected to the conditions specified previously 
(12,16), except that  reactions were carried out in a stainless steel bomb 
apparatus. Residues obtained after solvent evaporation were utilized for 
NMR studies. 
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Phenazines with Two 
Cationic Side Chains as Potential Antimalarials 
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Abstract  0 1,9-Phenazine-bis(dialkylaminocarboxamides) were pre- 
pared for screening as potential antimalarials. No significant activity 
against Plasmodium berghei was observed. The phenazine targets were 
prepared from 1,9-phenazinedicarboxylic acid by standard methods. The 
reaction between 1,9-phenazinedicarboxylic acid and thionyl chloride 
in the presence of dimethylformamide unexpectedly gave 4-chloro- 
1,9-phenazinedicarbonyl chloride. 


Keyphrases 0 Phenazines-with two cationic side chains, synthesized 
and screened as potential antimalarials o Antimalarials, potential- 
synthesis and screening of phenazines with two cationic side chains 


As part of a research program to develop new antima- 
larials (l), some selected phenazine derivatives were syn- 
thesized because of indications of antimalarial activity for 


several phenazine types. Clofazimine, which has proven 
safe for human use against leprosy, has been reported to 
suppress parasitemia completely in mice infected with 
Plasmodium berghei (2). Modest activity against P. ber- 
ghei in mice has been observed for several simple phena- 
zines, including 7-chloro-2-phenazinenitrile, methylene 
violetrnernthsen, and diazine black'. 


While the mode of antimalarial action of these com- 
pounds is unknown, the fact that phenazine antibiotics 
such as myxin and iodimin (3), as well as other phenazines 
(4,5), related phenoxazines (6) (actinomycins), and related 
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COR COR 


I 
Table 1-1,9-Substituted Phenazines X 


Yield, Recrystallization Analysis, % 


Number R X Melting Point % Solvent Formula Calc. Found 
IX 


X 


XI 


XI1 


XI11 


XIV 


H 


H 


H 


H 


CI 


CI 


179- 180' 60 


149- 150' 84 


Benzene 


Benzene-n- hexane 


105-107' 


88-90' 87 


210-2110 65 


88-900 65 


Cyclohexane 


Benzene 


n -Hexane 


C 66.03 
H 7.29 
N 19.25 
C 68.26 
H 8.18 
N 17.06 


C 65.42 
H 8.42 
N 20.35 


C 68.10 
H 9.21 
N 17.65 
C 61.20 
H 6.65 
CI 7.53 
N 17.84 


C 64.60 
H 8.58 


65.88 
7.42 


19.17 
68.43 


8.25 
17.08 


65.19 
8.49 


20.29 


68.00 
9.22 


17.64 
60.88 


7.05 
7.52 


17.69 


64.57 
8.61 


N 16.74 16.81 


thiaxantenones (61, intercalate with DNA permits the 
working hypothesis that DNA binding might be involved 
in their antimalarial action. Recent work (7) on other 
antimalarials, however, emphasized the need for caution 
in such speculations. Nevertheless, in the absence of nec- 
essary biochemical information, it was decided to make 
phenazines with cationic side chains a t  the 1- and 9-posi- 
tions for evaluation as possible antimalarials. This ap- 
proach appeared promising in view of the reports (8-10) 
of the enhancement of DNA binding brought about by 
attachment of cationic side chains to planar aromatic rings 
that intercalate with DNA. 


RESULTS AND DISCUSSION 


The synthesis of the phenazines (VI) was achieved by employing known 
approaches to the phenazine ring system, followed by side-chain at- 
tachment in a conventional manner (Scheme I). The first step was an 
Ullman-type condensation between 2-bromo-3-nitrobenzoic acid and 


COzH COzH 7 COzH 


Br 
NO? 


I n m 
NaBH, 
NaOEt 1 


CONHR CONHR COCl COCl C09H CO,H 


v1 Iv 


anthranilic acid to produce 2-nitrodiphenylamine-6,2'-dicarboxylic acid. 
The reductive cyclization of 2-nitrodiphenylamines by sodium borohy- 
dride is a well-established phenazine synthesis (11,12). Decarboxylation 
occurred during this reaction since, in addition to IV, l-phenazinecar- 
boxylic acid was isolated. 


The subsequent steps in the synthesis of VI involved classical amide 
preparation procedures. One aliphatic diamine employed to make the 
side chains was a new compound, but it was prepared by standard 
methods and the details are given under Experimental. 


In the conversion of 1,9-phenazinedicarboxylic acid into its diacid 
chloride, when dimethylformamide was added as a catalyst, aromatic ring 
chlorination unexpectedly occurred in addition to conversion into the 
dicarbonyl chloride. The product of the dimethylformamide-thionyl 
chloride reaction was 4-chloro-1,9-phenazinedicarbonyl chloride. This 
structural assignment was based on hydrolysis of the dicarbonyl chloride 
to 4-chloro-l,9-phenazinedicarboxylic acid. The latter structure was 
demonstrated by decarboxylation of the dicarboxylic acid to the known 
1-chlorophenazine (13). This heteroaromatic ring chlorination reaction 
by dimethylformamide-thionyl chloride appears to be unreported and 
is being investigated. Because of the availability of 4-chloro-1,9-phena- 
zinedicarboxylic acid, it was decided to make target compounds from it 
for evaluation as antimalarials as well. 


The targets (IX-XIV) shown in Table I were screened against P. ber- 
ghei by the method of Osdene et al. (14). These compounds exhibited 
only very limited activity. The maximum observed increase in mean 
survival time of test animals over controls was leas than 1 day. Preliminary 
viscosity studies with IX and XI11 indicate that these compounds bind 
very strongly to DNA, and these results will be reported elsewhere. 


EXPERIMENTAL* 


Melting points under 300' were taken using an oil bath melting-point 
apparatus; melting points above 300' were obtained using a solid block 
apparatus. All melting points are uncorrected. Satisfactory IR spectra 
were recorded on all new compounds. The expected carbon and PMR 
spectra were recorded on selected compounds in 2H-chloroform and 
2H-dimethyl sulfoxide using tetramethylsilane as the standard. 


The amines used in side-chain preparation were commercially available 
(N,N-dimethylpropanediamine and N,N-diethylpropanediamine), 
previously reported (N-(2-dimethylaminoethyl)-N-methyl-1,3-pro- 
panediamine] (15), or synthesized as described here. 


V 
Scheme I 


~ ~ ~~ ~~ 


* Elemental analyses were performed by Atlantic Microlab, Atlanta, Ga. 
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N - (2 - Diethylaminoethyl) - N - ethyl - 1,3 - propanediamine- 
N,N,N'-Triethylethylenediamine (36 g, 0.25 mole) was added gradually 
to acrylonitrile (26.5 g. 0.4 mole) with stirring at  room temperature. The 
mixture was left a t  room temperature for 1 hr and then heated under 
reflux on a steam bath for 22 hr. Acrylonitrile was distilled off a t  reduced 
pressure, and the residual liquid was fractionally distilled under vacuum. 
The fraction of bp 81-83'/0.2 mm was collected in a 45-g yield (90%). The 
picrate of N,N,N'-triethyl-N'-(2-~yanoethyl)-ethylenediamine was 
prepared in alcohol and crystallized from acetone, mp 188-189'. 


Anal.-Calc. for dipicrate C23H29N9014: C, 42.14; H, 4.46; N, 19.23. 
Found: C, 42.05; H, 4.44; N, 19.16. 


A solution of this cyanoamine (19.7 g, 0.1 mole) in dry ether (50 ml) was 
added slowly, with vigorous stirring, to a suspension of lithium aluminum 
hydride (4 g) in dry ether (200 ml) and was then cooled in an ice bath. The 
addition took about 30 min. Stirring was continued for 2 hr with cooling 
in ice. Water (5 ml), 20% NaOH (5 ml), and water (15 ml) were added 
successively. The ether layer was decanted, and the residual white solid 
was washed twice with ether by decantation. The combined ether extracts 
were dried over potassium hydroxide, and the ether was removed under 
reduced pressure. The residual liquid was distilled under vacuum, and 
the fraction of bp 76-77'/0.2 mm was collected in a 14.5-g yield (72%). 
The picrate was prepared in alcohol and crystallized from methyl ethyl 
ketone, mp 211-212'. 


Anal.-Calc. for tripicrate C2&&&1: C, 39.19; H, 4.08; N, 18.91. 
Found: C, 39.14; H, 4.12; N, 18.96. 
2-Nitrodiphenylamine-6,2'-dicarboxylic Acid (III)-2-Bromo- 


3-nitrobenzoic acid (I) (24.6 g,O.l mole), anthranilic acid (11) (15.1 g, 0.11 
mole), potassium carbonate (50 g), and copper powder (0.5 g) were mixed 
throughly and added to isoamyl alcohol (27.5 ml). The mixture was heated 
gradually with stirring until the bath temperature reached 150', when 
it melted and the alcohol began to reflux. Heating was continued for 1 
hr a t  160-170", and the alcohol was removed by steam distillation. The 
residue was dissolved in water and filtered. The filtrate was shaken with 
chloroform, and the aqueous layer was added gradually to stirred 1 N HCI 
(1 liter); stirring was continued for 0.5 hr. The yellow solid was filtered, 
washed with water, dried, and crystallized from acetic acid in a 16-g yield 
(53%), mp 283-285' [lit. (12) mp 285-290'1. 
1.9-Phenazinedicarboxylic Acid (1V)-The diphenylamine (111) 


(9.1 g, 0.03 mole) was added with stirring to absolute ethanol (250 mi) 
containing dissolved sodium (8.9 g) and sodium borohydride (6.3 g). The 
mixture was refluxed, with vigorous stirring, for 16 hr when a greenish- 
brown suspension resulted. Water (50 ml) was added, and the solid was 
filtered and washed with a small volume of water. The residue on the filter 
was dissolved in water (800 ml) by heating, cooled in ice, and acidified 
with concentrated hydrochloric acid. The precipitated acid was filtered, 
washed with water, dried, boiled with ethylene glycol monomethyl ether 
(50 ml), and filtered hot. The residual product was crystallized from di- 
methylformamide in a 3-g yield (38%), mp 362'. 


Anal.-Calc. for C14HeN204: C, 62.68; H, 3.00; N, 10.44. Found: C, 
62.52; H, 3.01; N, 10.42. 


After removal of the greenish-brown suspension, the alkaline filtrate 
was diluted with water. Ethanol was removed by distillation under re- 
duced pressure. On acidification, the aqueous soiution gave an acid which, 
after crystallization from ethylene glycol monomethyl ether, melted a t  
238-239'. Some of this material was also obtained from the ethylene 
glycol monomethyl ether filtrate during purification of IV. The total yield 
was 1.6 g. This compound was found to be 1-carboxyphenazine [lit. (16) 
mp 239'1. Its mixed melting point with an authentic sample remained 
undepressed, and the IR spectra of two samples were superimposable. 
Phenazine-1,s-dicarboxylic Acid Chloride (V)-Compound IV 


(3 g) was suspended in dry benzene (60 mi), and thionyl chloride (5 ml) 
was added. The mixture was refluxed for 1 hr. Thionyl chloride (1 ml) 
was added, and refluxing was continued for 1 hr more when a clear solu- 
tion resulted. On cooling, the acid chloride crystallized. I t  was filtered, 
washed with a small amount of dry ether, and crystallized from benzene 
in a 3-g yield (89%), mp 193-194'. 


Anal.-Calc. for C14H6C12N202: C, 55.10; H. 1.98; N, 9.18. Found: c, 
55.33; H, 2.02; N, 9.08. 


4-Chlorophenazine- 1,9-dicarboxylic Acid Chloride (VII1)-To 
IV (2 g) suspended in dry benzene (10 ml) were added thionyl chloride 
(2 ml) and dimethylformamide (0.4 g), and the mixture was refluxed 
gently for 3 hr. The solution was allowed to stand a t  room temperature, 
and the acid chloride crystallized. It wasfiltered, washed with cold ben- 
zene, and crystallized from benzene in a 1.3-g yield (50961, mp 188- 
1900. 


Anal.--Calc. for C14H&13N202: C, 49.51; H, 1.48; CI, 31.32; N, 8.25. 


Found: C, 49.65; H, 1.49; CI, 31.24; N, 8.23. 
4-Chlorophenazine-l,9-dicarboxylic Acid (VI1)-The acid chloride 


(VIII) (1 g) was boiled with water (20 ml) for 3 hr and then allowed to 
stand overnight. The solid was separated, dissolved in a 5% NaHC03 
solution by heating, and precipitated by acidification with hydrochloric 
acid. Then it was filtered, washed with water, and crystallized twice from 
acetic acid in a 0.5-g yield (57%), mp 298'. 


Anal.-Calc. for C14H7CIN204: C, 55.55; H, 2.32; N, 9.25. Found: C, 
55.70; H, 2.34; N, 9.22. 


Decarboxylation of VII-The acid (VII) (1.5 g), copper powder (0.4 
g), and dry redistilled quinoline (10 ml) were heated a t  175-185' under 
nitrogen for 2 hr. After cooling, the mixture was added to an excess of 1 
N HCI, and a dark-brown solid separated. I t  was filtered, washed with 
1 N HCI and water, and dried. This material was vacuum sublimed at 
125-130'13 mm. The sublimate was dissolved in chloroform and chro- 
matographed over alumina. Then it was eluted with benzene, and the 
yellow band that eluted first was collected. The solvent was removed, and 
the light-yellow residue was crystallized from methanol in a 0.3-g yield 
(30%), mp 119-120" [lit. (13) mp 122-123'1. 


Anal.-Calc. for C14H7CIN2: C, 67.14; H, 3.29; N, 13.05. Found: C, 
67.09; H, 3.30; N, 13.03. 


Target Compounds (IX-X1V)-The synthesis of XI is given as a 
typical example of the synthesis of all target amides. A solution of V (1.3 
g, 0.004 mole) in hot dry benzene (100 ml) was added gradually to a stirred 
solution of N-methyl-N-(2-dimethylaminoethyl)- 1,3-propanediamine 
(3 g, 0.019 mole) in benzene (30 ml), and the mixture was stirred a t  room 
temperature for 1 hr. The mixture was then refluxed on a steam bath for 
2 hr. 


After cooling, the benzene solution was washed with 10% NaZC03 so- 
lution (4 X 25 ml). The aqueous layer was then extracted with hot ben- 
zene. The combined benzene extracts were dried (calcium sulfate), the 
benzene was distilled off, the residual semisolid mass was triturated with 
hexane, and a greenish-yello~ solid was obtained. I t  was filtered, washed 
with a small amount of hexane, dried, and crystallized from cyclohexane 
in a 1.6-g yield (66%), mp 105-10'7'. 
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Abstract  14C-Phenformin hydrochloride was used for investigating 
the metabolism, plasma or  serum levels, and elimination of the drug 
following l.S-rng/kg po or iv doses to guinea pigs, rats, and dogs. The 
amounts of individual metabolites and unchanged drug were assessed 
in urine as well as in plasma or serum. The glucuronide of 1-(p-hydrox- 
yphenethy1)biguanide was a major metabolite in the blood and urine of 
all three species. Guinea pig serum and urine contained a sizable quantity 
of unchanged drug. Dog plasma and urine had significant amounts of 
nonconjugated 1-(p-hydroxyphenethy1)biguanide and of an unidentified 
major metabolite. In all three species following intravenous drug ad- 
ministration, unchanged drug contrihuted significantly to the radioac- 
tivity found in blood and urine. The apparent half-lives of phenformin 
elimination were 0.3-0.8 day for guinea pigs and rats and 1-1.5 days for 
dogs. Urinary excretion data indicate apparent half-lives of approxi- 
mately 1.3-1.5 days for the elimination of each of the three major me- 
tabolites in dogs. 


Keyphrases 0 Phenformin-metaholism, plasma or serum levels, and 
elimination in guinea pigs, rats, and dogs, TLC-autoradiographic analysis 


Metabolism-phenformin in guinea pigs, rats, and dogs, TLC-auto- 
radiographic analysis 0 Plasma or serum levels-phenformin in guinea 
pigs, rats, and dogs, TLC-autoradiographic analysis Elimination- 
phenformin in guinea pigs, rats, and dogs, TLC-autoradiographic analysis 


TLC-autoradiography-analysis, phenformin in biological fluids 
Autoradiography-TLC-analysis, phenformin in biological fluids 
Antidiabetic agents-phenformin, metabolism, plasma or serum levels, 
and elimination in guinea pigs, rats, and dogs, TLC-autoradiographic 
analysis 


The absorption, metabolism, and elimination of phen- 
formin (I) in several animal species and in humans were 
first investigated when specific and sensitive methods for 
analysis of this hypoglycemic drug were not available. By 
relying on the use of 3H-phenformin and various chro- 
matographic techniques, Beckmann (1 ,2)  demonstrated 
that 1-(p-hydroxyphenethy1)biguanide (11) and its 0- 
glucuronide conjugate (111) were the major drug metabo- 
lites. He reported that rats excreted I1 and I11 in urine; that 
mice, guinea pigs, and rabbits excreted I, 11, and 111; and 
that humans eliminated only I and 11. The identities of I1 
and I11 were confirmed by Murphy and Wick (3). 


Recent methodology that permits the determination of 
trace amounts of phenformin in biological fluids (4,5) was 
applied to investigate phenformin pharmacokinetics in 
humans (6). In the present work, TLC in conjunction with 
autoradiography was used for investigating the pharma- 


R-@CH,CH,NHFNHC~ 


NH2 NH, 
I : R = H  


11: R = OH 
COOH 
I 


Table I-Percent of Radioactivity Excreted Renally by Three 
Guinea Pigs during the 24 hr following 1.5 m g  of W-Phenfo rmin  
Hydrochloride/kg 


Guinea Pig Drug Percent of Dose Excreted Renally as 


ber g istration 1" I b  I In  I I I a  counted TotalC 


28 725 Intrave- 34.3 34.5 3.2 14.9 7.3 59.7 


31 745 Oral 17.1 17.0 5.3 8.7 4.8 35.8 
34 805 Oral 15.8 14.3 4.8 17.9 6.8 45.3 


0 Determined hy quantitative TLC. b Determined by GLC. 


Num- Weight, Admin- Unac- 


nous 


Determined by 
liquid srintillation counting of urine radioactivity. 


cokinetics, metabolism, and disposition of the drug in 
guinea pigs, rats, and dogs. 


EXPERIMENTAL 


Chemicals-The reagents and solvents were: 28% ammonium hy- 
droxide', reagent grade; I-butanoll, reagent grade; chloroform', reagent 
grade; I4C-I and 11 (as hydrochlorides)2; 2,2-dichloro-l,l-difluoroethyl 
methyl ether?; heparin4; liquid scintillation counting medium5; methane6, 
technical grade; phenformin hydrochloride7; and 2-propano11, reagent 
grade. 


Animal Experiments-Healthy, young, male animals were fasted 
overnight prior to dosing. Unless otherwise specified, the drug was ad- 
ministered as an aqueous solution. Throughout the experiments, the 
animals were housed in appropriate metabolism cages. Food and excess 
water were supplied once daily. Feces and urine were collected and kept 
frozen until needed. 


Guinea pig@, -800 g, were given oral doses by intubation and intra- 
venous doses in the jugular vein following sedation3. Blood specimens 
were withdrawn by heart puncture and stored overnight a t  4'. After re- 
moval of the clots, the resulting serum samples were frozen until further 
use. 


The ratsg, -275 g, were given oral doses by intubation and intravenous 
doses into the tail vein. Blood samples, obtained from the tail, were 
centrifuged, and the resulting serums were frozen for further use. The 
total amount of collected blood usually was kept below 2.5 ml/animal. 


Purebred beagle dogs, -12 kg, were given the drug orally in a gelatin 
capsule'" and intravenously into the cephalic vein. Blood specimens were 
withdrawn from the jugular vein with a heparinized syringe. They were 
centrifuged within 1 hr, and the separated plasma samples were kept 
frozen until needed. 


Quantitative TLC-Prescored 250-pn silica gel plates" were divided 
into 20 parallel bands of 1-cm width each with a scriber12. Alternate bands 
were spotted with samples, in amounts not exceeding 10 PI ,  using dis- 
posable microsampling pipetsIg. 


Two solvent systems proved suitable. System A contained ammonium 


I J. T. Raker Chemical Co., Phillipsburg, NJ 08865. 
The 14CC-radioactivity was associated with the d-carbon atom in the phenethyl 


moiety of I (18 rCi/mg) and with the two carbon atoms in the biguanide moiety of 
I 1  (24 aCi/mg). 


Metaphane, Pitman-Moore, Inc., Washington Crossing, NJ 07902. 
Liquaemin Sodium "10". Organon, Inc., West Orange, N.J. 
Scintisol Complete, Isolab, Inc., Akron, OH 44321. 
Matheson Gas Products, East Rutherford, NJ 07073. 
Ciba-Geigy Corp., Summit, N J  07901. 
Hartley variety, Elm Hill Farms, Chelmsford, MA 01824. 
Sprague-Dawley CD variety, Charles River Breeding Laboratories, Wilmingtnn, 


MA 01887. 
lo Eli Lilly and Co., Indianapolis, IN 46206. 
I I  Silica gel G F  Uniplates (20 X 20 cm). Analtech, Inc.. Newark, DE 19711. 
l2 TLC scriber, A 
13 Corning Glass Vorks, Corning. NY 14830. 


lied Science Laboratories, State College, PA 16801. 
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Table 11-Metabolic Profiles of Se rum Samples f rom Three  
Guinea Pigs af ter  I .5 mg of 14C-Phenformin Hydrochloride/kg 


Drug Blood 
Admin- With- 
istra- drawal Percent of Radioactivity Attributed to 


Guinea tion Time, Unac- 
Pig Route hr I o  I h  11" 111" counted 


28 Intrave- 0.27 68 84 <3' 17c 12 


28 Intrave- 1 31' 35 <3' 58 8 


31 Oral 1 2gC 43 7' 56c 8 
31 Oral 3 14' 12 5 3 c  73c 10 
34 Oral 2 1 1 c  14 <3c 79 7 
34 Oral 3 9' 11 <3c 79 8 


nous 


nous 


a Determined by quantitative TIX. Determined by GLC. C Sample radioac- 
tivity was less than three times the background level. 


hydroxide (10 ml), water (10 ml), 2-propanol(45 ml), 1-butanol(25 ml), 
and chloroform (20 ml). System B was similar, except that  the amounts 
of water and chloroform were 16 and 14 ml, respectively. At room tem- 
perature and in tanksI4 containing 100 ml of the chosen solvent system, 
the plates required approximately 4 hr for development. 


Autoradiograms were obtained in cassettes1s, modifiedto accept TLC 
plates, by exposing X-ray film16 to the radioactivity of the developed 
plates. The time of exposure ( 1  week to several months) depended on the 
amount of radioactivity of the spotted sample. Film development pro- 
ceeded as recommended by the manufacturer. 


Each TLC plate was separated into zones assigned to various metab- 
olites on the basis of the visual appearance of the corresponding auto- 
radiogram. The silica gel material of these zones was carefully scraped 
into glass vials, and the radioactivity was assessed by liquid scintillation 
counting. This procedure permitted determination of the relative pro- 
portion of different metabolites found on the TLC plate and, conse- 
quently, their quantification in the body fluid used for spotting the plate. 
Thus, quantitative metabolic profiles were obtained for selected serum 
or plasma samples. By correcting for the volumes of all urine fractions 
and by adding all individual results, cumulative renal excretion data were 
obtained both for unchanged drug and for various metabolites. 


Enzymatic Hydrolysis of Urine Samples-Selected urine samples 
were subjected to enzymatic hydro ly~ i s '~J~  in accordance with published 
procedures (7). 


GUINEA P I G S  500 4 
- 
E 
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z- z 
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. 
I- 


I- z 
w 
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0 
V 
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W 
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31 and 34 


I 
I I I I I I 
0 6 12 18 24 30 


HOURS 
Figure 1-Average concentration-time plots of pitenformin f0) and 
total radioactivity (e) in serum resulting from 1.5-mglkg P O  doses of 
14C-phenformin hydrochloride administered to two guinea pigs. 


I' Desaga TLC tanks, Rrinkmann Instruments, Westbury, NY 11590. 
l6 Wafer Rigidform cassettes, Halsey X-ray Products, Brooklyn, N.Y. 


Blue brand type BB54, Eastman Kodak Co.. Rochester, NY 14650. 
l7 Glusulase, Endo Laboratories, Garden City, NY 11530. 
la Ketodase, General Diagnostics Division, Warner-Chilcott. Morris Plains, 


N.J. 


GUINEA P I G  28 


0 6 12 18 24 30 
HOURS 


Figure 2-Concentration-time plots of phenformin (0 )  and total ra- 
dioactivity (8)  in serum resulting from a 1.5-mglkg iv dose of 14C- 
phenformin hydrochloride administered to a guinea pig. 


Fecal Samples-Representative samples were obtained by pre- 
treatment of collected fecal materials. 


Rat feces were dried in an oven a t  60'. The dry residues were weighed 
and then ground to a powder with a mortar and pestle. 


Preweighed dog feces were homogenized in a blender with a threefold 
amount of distilled water. Several 10-ml fractions were measured with 
a pipet and transferred into 20-ml glass vials for lyophi l i~at ion~~.  The 
residues were broken up to a powder. 


Radioactivity Measurements-A radioscannerZ0 was used for 
scanning developed TLC plates. Operating parameters included X 3  for 
high voltage, 50-mv sensitivity, 10-counts/sec range, 10-powerltime 
constant, 10-cmhr scanning speed, 25-ml/min methane quench gas flow, 
and 2 X 16-mm window slit. 


The radioactivity of feces was assessed by placing powdered fecal 


, O i  I 
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Figure 3-Average cumitlative excretion of fecal (e), renal (A), 
and total (8)  radioactivity resulting from 1.5-mglkg p o  doses of 14C- 
phenformin hydrochloride administered to three rats. 


l9 Model 10-145 MR-BA lyophilizer, Virtis Co., Gardiner, N.Y. 
2o Model LB 2722, Varlan Instrument Division, Palo Alto, CA 94303. 
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Figure 4-Atlc~ragt. cumulative' excretion O f  fecal (O) ,  renal (A), 
and total (m) radioactiuity resulting from 15-rngk.g iu doses of I4C- 
phenformin hydrochloride administered to  threc rats 


residue samples into size 0 gelatin capsules and burning them in an oxi- 
dizer". The resulting I4CO2, trapped in ethanolamine, was used for liquid 
scintillation countingzz. The latter was done with 10-ml amounts of 
counting medium5 for both liquid and silica gel radioactive samples. 


CLC Determination of Phenformin-The specific and sensitive 
method employed is based on the conversion of biguanides into suhsti- 
tuted s-triazines assayahle by GLC and electron-capture detection 
or selected ion monitoring (4,  5). The gas chromatograph had "Ni- 
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Figure 5-Concentration-time plots of phenformin (0.0) and total 
radioactivity (.,.I in  serum resulting from 1.5-mglkg doses of  I4C- 
phenformin hydrochtoride administered intrauenously to  Rat A and 
orally to Rat R. 


'hi-Carh model 305, Packard Instrument Co., Downers Grove, IL 60515. 
Intertechnique model SL-40, Teledyne-Intertechnique. Westwood. NJ 


07675. 


Table 111-Percent of Radioactivity Excreted Renally by Six 
Rats followinn 1.5 me of W-Phenformin Hvdrochloride/krc 


Drug 
Adminis- Percent of Dose Excreted Renally as 


tration Unac- 
Rat Route 1" I h  11" IIln counted Total' 


25 Oral 0.3 0.4 1.0 25.1 2.4 28.7 
26 Oral 0.6 0.5 1.9 24.8 2.0 29.2 
27 Oral 0.6 0.2 0.7 28.5 3.1 32.9 
28 Intrave- 18.6 18.3 9.1 26.6 5.0 59.3 


nous 


nous 


nous 


29 Intrave- 16.7 15.5 15.1 25.9 4.4 62.0 


30 Intrave- 16.9 12.6 15.2 28.0 4.7 64.8 


Mean Oral 0.5 0.4 1.2 26.1 2.5 30.3 
Mean Intrave- 17.3 15.5 13.2 26.8 4.7 62.1 


nous 


0 Determined by quantitative 7'I.C. * Determined by GLC. Determined by 
liquid scintillation counting of urine radioactivity. 


electron-capture detection capabilities23 and was equipped with a si- 
lanized glass column, 180 cm X 2 mm i.d., packed with 3% OV-17 on 
80-100-mesh Chromosorb W HPZ4. 


RESULTS AND DISCUSSION 


The sensitivity of quantitative T I X  was extended significantly by 
autoradicigraphy. This technique permitted the analysis of biological fluid 
samples with radioactivity levels undetectable by radioscanning. Its ac- 
curacy was estimated by comparison with independent GLC results. 
Renal phenformin data, representing the excretion of less than 6% of the 
administered radioactivity, and serum or plasma data, from samples 
whose phenformin radioactivity was less than three times the background 
level, were less accurate. They were associated with a relative standard 
deviationz5 of 26%. The accuracy of all other phenformin data was con- 


h 10,000 


- 
1. 


DOG 591  


I I l l 8  , , I  I ,  


0 1 2  3 4 5 6 7 8 9 10 
DAYS 


Figure O-"Sigma minus" plots for phenformin (O) ,  11 (O) ,  111 (A), 
IV ( 6 ) .  and total radioactivity (0) based on renal data resulting from 
a 1.fj-mglkg P O  dose of 14C-phenformin hydrochloride administered to  
a beagle dog. 


23 Model 2100 gas chromatograph, Varian, Palo Alto, Calif. 
24 Ohio Valley Specialty Chemicals, Inc.. Marietta, OH 45750. 
2s The relative standard deviation was calculated from: 


100 


where d is the difference between duplicates, m is the arithmetic mean of each 
duplicate determination, and n is the number of determinations. 
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Table IV-Metabolic Profiles of Se rum Samples Obtained from 
a Rat a f t e r  1.5 mp: of I4C-Phenformin Hydrochloride/kg iv 


Blood With- 
drawal Time, Percent of Radioactivity Attributed to 


min 10 Ib 110 1110 Unaccounted 


5 86 83 3 2 9 
15 83 73 3c 4' 13 
60 26' 23 15c 45' 14 


Determined hy quantitative TLC. Determined by GLC. c Sample radioac- 
tivity was less than three times the background level. 


siderahly better and was associated with a relative standard deviation 
of 7%. These values are based on analytical data abstracted from Tables 
I-VI. 


Half-lives were estimated by least-squares fitting of the last five or 
more data points on the terminal log-linear parts of the concentration- 
time curvesz6. 


Guinea Pigs-A single 1.5-mg/kg dose of 14C-phenformin hydro- 
chloride was administered orally to two guinea pigs and intravenously 
to a third animal. Excretion data were obtained from urine collected for 
24 hr (Table I). Phenformin and Metabolites I1 and I11 were assessed by 
quantitative TLC. The amounts of phenformin also were confirmed by 
GLC determinations. 


The identity of phenolic Metabolite I1 is indicated by the similarity 
in TLC behavior of an authentic sample. Metabolite 111 exhibited 
properties similar to a metabolite in the rat and dog, which, as will be 
shown, was identified as the glucuronide conjugate of 11. 


Metabolic profiles were obtained for selected serum samples by use 
of quantitative TLC (Table 11). Glucuronide 111 was the major radioactive 
component in all serum samples taken a t  1 or more hr after oral or in- 
travenous drug administration. 


Serum concentration-time data for phenformin and for total radio- 
activity are presented graphically in Figs. 1 and 2. The apparent half-lives 
of elimination were comparable and averaged 11 hrz6. 


Rats-Single 1.5-mg/kg doses of 14C-phenformin hydrochloride were 
given to five rats orally and to five rats intravenously. The resulting five 
pairs of rats were used as follows. 


The rats from one pair were placed individually in metabolism cagesz7. 
For 24 hr, exhaled carbon dioxide was trapped without detection of any 
radioactivity. 


Excretion data were obtained from three pairs of rats, whose urine and 
feces were collected for 23 days. About 90% of the administered radio- 


roooj  


I I I 1 1 I I I I I I 


0 6 12 18 24 30 36 42 48 54 
HOURS 


Figure 7-Concentration-time plots of phenformin ( 0 , O )  and total 
radioactivity (0.m) in plasma resulting from 1.5-mglkg PO doses of 
14C-phenformin hydrochloride administered to two beagle dogs. 


26 Apparent half-lives for the radioactivity elimination data presented in Figs. 


n Roth. 
1 and 5 (Rat A) were based on the last four data points. 


Table V-Percent of Radioactivity Excreted Renally by Two 
Dogs during the  Indicated Collection Periods following 1.5 mg of 
1 4C-Phenformin H ydrochloride/kg 


Drug 
Admin- Col- Percent of Dose Excreted Renally as 
istration lection Unac- 


Dog Route Hours In I* IIo IIIR IVa countedTotalc 
~ 


591 Intravenous 150 26.8 23.0 15.8 13.7 13.9 6.7 77.0 
762 Intravenous 270 25.7 23.9 17.4 14.6 12.3 6.6 76.5 
591 Oral 270 4.9 2.3 27.5 17.0 14.5 8.1 72.0 
762 Oral 150 5.4 2.5 22.3 15.3 14.2 5.9 63.1 


Mean Intravenous 26.3 23.5 16.6 14.2 13.1 6.6 76.7 
MeanOral 5.2 2.4 24.9 16.1 14.3 7.0 67.5 
~~ 


4 Determined by quantitative TLC. b Determined by GLC. c Determined by 
liquid scintillation counting of urine radioactivity. 


activity was excreted within 2 days. After the 4th day, the elimination 
of radioactivity was negligible and amounted to less than 0.05% of the 
dose. Cumulative radioactivity excretion data for orally and intravenously 
treated rats are plotted in Figs. 3 and 4, respectively. About 31% of the 
radioactivity was found in the feces even after intravenous drug admin- 
istration. Consequently, the biliary route of excretion appears to be sig- 
nificant for rats. Fecal radioactivity amounted to about 61% of the oral 
dose. This value agrees with data obtained by Beckmann ( l ) ,  who re- 
ported that 512% of oral doses were eliminated by the biliary route and 
concluded that oral absorption was incomplete. 


Phenformin, 11, and 111 were found in urine and assessed by quanti- 
tative TLC. Due to rapidly decreasing radioactivity levels, only samples 
collected for 2 days after the oral dose and for 3 days after the intravenous 
dose were analyzed. Phenformin analyses were performed also by GLC 
(Table 111). Independently of the drug administration route, 111 proved 
to be the major radioactive component in rat urine. Its identity was es- 
tablished by enzymatic hydrolysis. 


Prior to and after hydrolysis, the samples were analyzed by GLC and 
by quantitative TLC. Only trace amounts of phenformin were found 
before and after hydrolysis. The radioactivity associated with 111 was 
essentially lost during hydrolysis and was replaced by radioactivity as- 
sociated with 11. Considering the experimental conditions, the choice of 
enzymes"J8, and the analytical results, it may be concluded that 111 is 
a glucuronide conjugate of 1-(p-hydroxyphenethyl) biguanide. 


A serum metabolic profile was obtained with samples from an intra- 
venously treated rat. Quantitative TLC results (Table I V )  indicate that 
111 was the major radioactive component not only in urine but also in 
blood. The serum concentration-time curve for this animal and the one 
obtained for an orally dosed rat are plotted in Fig. 5. The intravenous data 
indicate half-lives for phenformin and for total radioactivity that were 
comparable and averaged about 17 hr. Oral dose concentrations were too 
low for estimation of apparent half-lives with a reasonable degree of 
confidence. 


Dogs--Two dogs were given single oral and intravenous W-phen- 
formin hydrochloride doses of 1.5 mg/kg. They were treated in a crossover 
fashion with a 5-week washout period between drug administrations. 
Unlike rats, the fecal radioactivity excretion of dogs was not very sig- 
nificant, averaging 7% of the intravenous dose and 11% of the oral dose. 
Most radioactivity was excreted renally. 


In analogy with both guinea pigs and rats, dog urine contained signif- 
icant amounts of phenformin, 11, and 111. In addition, a radioactive uri- 
nary component (Metabolite IV) was also present. In Solvent System B, 
the R, values of I, 11,111, and IV were 0.39,0.34,0.10, and 0.48, respec- 
tively. The identities of I and I1 were confirmed by TLC and radio- 


Table  VI-Metabolic Profiles of Plasma Samples from Two Dogs 
following 1.5 rag of W-Phenfo rmin  Hydrochloride/kg 


Drug Admin- Blood Percent of Radioactivity Attributed 
istration Withdrawal to 


Dog Route Time,hr Io I b  11" 111" I V O  Unaccounted 


591 Oral 3 6c  5 2aC 10' 30' 26 
591 Oral 4 11' 4 24' 16c 27' 22 
591 Oral 6 6c 3 15c 23c 8c 48 
762 Intravenous 0.08 77 92 4' 2' 2' 15 
762 Intravenous 0.25 48 51 2OC 3' 17c 12 
762 Intravenous 2 3OC 20 8c 14' 17c 32 


a Determined by quantitative TLC. b Determined by GLC. c Sample radioac- 
tivity was less than three times the background level. 
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Figure 8-Concentration-time plots of phenformin (0,O) and total 
radioacticity (.,.I in plasma resulting from 1.5-mglkg iu doses of 
14C-phenformin hydrochloride administered t o  two beagle dogs. 


scanning comparisons, and the identity of I11 was determined by enzy- 
matic hydrolysis experiments similar to those described for rats. Me- 
tabolite IV remains to be identified. 


The amounts of renally excreted I-IV, as percentages of total admin- 
istered radioactivity, are presented in Table V. The relatively high urinary 
radioactivity levels and the lengthy time of collection permitted the 


preparation of “sigma minus” plots for phenformin, for each metabolite, 
and for total radioactivity (as apparent drug). These plots allowed the 
estimation of apparent disposition half-lives for I-IV and total radioac- 
tivity. The values averaged 35-37 hr. Figure 6 illustrates the results ob- 
tained from one dog after oral drug administration. Similar data were 
obtained from the second dog after intravenous drug administration. The 
theoretical considerations and an appraisal of this method were discussed 
by Martin (8). 


Plasma metabolic profiles were obtained after oral and intravenous 
drug administrations. Quantitative TLC results (Table VI) indicate the 
presence in plasma of significant amounts of unchanged drug and of each 
of the three metabolites. Plasma concentration-time curves resulting 
from single oral and intravenous doses were obtained for both animals 
(Figs. 7 and 8). The terminal log-linear parts of the curves indicate 
comparable elimination half-lives for phenformin and for total radioac- 
tivity. They averaged about 26 hr. 
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Abstract 0 Anesthetized mongrel dogs were exposed to various con- 
centrations of trichloromonofluoromethane. Before, during, and after 
the inhalation, arterial and venous blood samples were obtained for 
fluorocarbon analysis. After the cessation of fluorocarbon inhalation, a 
multiexponential decline from the blood was observed. This finding was 
similar to that of a previous study in which the fluorocarbon was ad- 
ministered intravenously to unanesthetized dogs. The half-life calculated 
from the terminal phase was about 280 min, and the pseudodistribution 
equilibrium was reached about 100 min after dosing. Study of the rela- 
tionship between blood fluorocarbon levels and effects on the respiration 
rate and arterial blood pressure indicates that  the sites of these phar- 
macological activities are located in the blood or central compartment 
rather than in the peripheral compartment. The effect on the heart rate 


appears to be quite instantaneous after inhalation. These results might 
shed some light on the fast effect of the fluorocarbon propellants. which 
caused sudden deaths after inhalation of a large quantity. 


Keyphrases 0 Trichloromonofluoromethane-blood levels correlated 
to cardiovascular and respiratory responses in dogs Cardiovascular 
responses-trichloromonofluoromethane, correlated to blood levels in 
dogs Respiratory responses-trichloromonofluoromethane, correlated 
to blood levels in dogs Aerosol propellants-trichloromonofluo- 
romethane, blood levels correlated to cardiovascular and respiratory 
responses in dogs 0 Fluorocarbon aerosol propellants-trichloromo- 
nofluoromethane, blood levels correlated to cardiovascular and respi- 
ratory responses in dogs 


Because of the wide use of fluorocarbon aerosol pro- 
pellants in various household, cosmetic, and pharmaceu- 
tical pressurized packages, the possible adverse effects or 


toxicities of these compounds have been studied exten- 
sively. These studies concerned the effects on the cardio- 
vascular system ( 1 4 ,  enzyme activities (5,9-ll) ,  muta- 
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Thyroid and thyroid tablets ranging in strength from 16 to 325 mg were 
analyzed for total iodine, liothyronine, and thyroxine by the proposed 
method. In addition, total iodine was determined by the USP XIX pro- 
cedure. The results are given in Tables I1 and 111. The iodine results agree 
with the USP analysis, and the values of liothyronine and thyroxine found 
in thyroid agree with literature results (1). 


The procedures described in this work are relatively straightforward 
and are specific for the analysis of thyroid since intact liothyronine and 
thyroxine are determined. 
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Abstract  Intravenous bolus injections of 14C-laheled acetazolamide 
were made in rabbits. Plasma, urine, and washed red blood cell concen- 
trations were measured, the latter indicating bound drug. AUTOAN and 
NONIJN were used to f i t  the plasma data to a linear two-compartment 
model. However, utilization of the urine and red blood cell data suggested 
that a nonlinear model was more appropriate. The developed nonlinear 
system uses a one-compartment model with two tissue-binding param- 
eters. The system simultaneously fits three equations describing drug 
in the plasma, in the body, and bound to  red blood cells. Six parameters 
were estimated. The initial plasma concentration and the maximum 
amount bound to tissue protein (minus red blood cell protein) correlated 
with dose. The dissociation constant from this protein fraction suggested 
that it is composed mainly of the enzyme, carbonic anhydrase. The dis- 
sociation constant for the red blood cell fraction suggested that the drug 
binds to other protein in addition to carbonic anhydrase. The elimination 
constants were quite similar, indicating little variation from one animal 
to another. Utilization of the concepts of site and mechanism of action 
in this model should be of considerable help in relating drug concentration 
to pharmacological response. 


Keyphrases 0 Acetazolamide-nonlinear pharmacokinetic model, 
plasma, urine, and red blood cell data, intravenous bolus injection of 
14C-acetazolamide 0 Pharmacokinetics-nonlinear model proposed for 
acetazolamide Models-nonlinear pharmacokinetic model proposed 
for acetazolamide 


The efficacy and safety of drug therapy are commonly 
thought to be functions of the drug concentration at  the 
site of action, but measurement of the drug concentration 
in remote tissues is usually difficult or impossible. Mea- 
surement of drug in the plasma is convenient and relatively 
easy, however, and plasma drug levels, although recognized 
to be vaguely related to effect, are used to evaluate thera- 
PY. 


The common utilization of plasma levels to develop 
pharmacokinetic models and equations describing drug 
behavior in the body likewise depends largely on plasma 
measurements and thus yields equations that describe 
plasma levels quite accurately but that may not give useful 
estimates of drug concentrations in other tissues. 


Recently, attention has been focused on equations that 
describe the time course of drug effect and that relate ef- 
fect to plasma or peripheral compartment concentrations 
(1, 2). Pharmacokinetics must move in this direction to 
achieve the goal of enhancing effective and safe drug usage. 
This paper deals with such research on a well-known drug, 
acetazolamide. 


Acetazolamide was selected since it was reported to be 
excreted entirely by the kidney in unchanged form (3,4), 
its activity being uncomplicated by active metabolites. 
Furthermore, the mechanism of action is the inhibition of 
carbonic anhydrase (3,5).  The target organs of primary 
interest are the kidney, where the drug induces diuresis (3, 
6), and the eye, where it causes reduction in intraocular 
pressure (5,7-9). 
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Figure 1-Semilog plot of plasma acetazolamide copcentration versus 
time. 
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Acetazolamide kinetics have been studied only to de- 
scribe plasma levels; the plasma data were limited in 
number, and a one-compartment model was used. These 
reports (4,10,11) reflect the level of interest in kinetics at  
the time of their publication and are not comparable to a 
modern detailed pharmacokinetic study. 


This paper describes the use of 14C-acetazolamide in 
rabbits to evaluate its pharmacokinetics, using a model 
that may be correlated with drug activity. A pharmacoki- 
netic model for acetazolamide was devised using all 
available data from plasma, urine, and red blood cells. 
Parameters obtained from this model were later used to 
relate drug concentration to pharmacological response 
(12). This paper deals with the development of the non- 
linear model. 


EXPERIMENTAL 


1%-Acetazolamide was synthesized by the deacetylation of aceta- 
zolamide' and reacetylation with radioactive acetic anhydridezx3. TLC 
was used to test the purity of the radioactive compound. It was demon- 
strated that essentially all radioactive material was acetazolamide and 
that the deacetylated intermediate was present in trace amounts. Solu- 
tions for injection were prepared by adding appropriate amounts of ra- 
dioactive and nonradioactive acetazolamide, converting the drug to its 
sodium salt via addition of 0.1 N NaOH, and diluting with water to vol- 
ume. The final pH was 9.0-9.6. 


Intravenous bolus acetazolamide doses ranging from 2 to 20 mg/kg were 
injected into the marginal ear veins of New Zealand White rabbits 
anesthetized with a 25% urethan4 solution or sedated with 50 mg of 
chl~rprornazine~. Blood and urine samples were collected at intervals up 
to 6-10 hr after injection; plasma was immediately separated from 
erythrocytes via centrifugation. Plasma samples, 0.5 ml, were mixed with 
10 ml of a scintillation cocktail composed of 12 g of 2,5-diphenyloxazole6 
and 300 mg of 1,4-bis[2-(5-phenyloxazolyl)]benzenefi in a mixture of 1 
liter of surfactant7 and 2 liters of toluene. Samples were counted in a 
liquid scintillation counters and results were corrected for quenching 
using the channels ratio method (13). 


'0 4 8 12 16 20 
DOSE, mglkg 


Figure %-Area under the plasma curve fAUC) versus dose. 


1 Supplied by Lederle Lahoratories, Pearl River, N.Y. 
2 New England Nuclear, Fhston, Mass. 
3 R. Kudla, Lederle Laboratories, Pearl River, N.Y., personal communication. 


Nutritional Biochemical Co., Cleveland, Ohio. 
s Thorazine, Smith Kline and French Laboratories, Philadelphia, Pa. 
6 Packard Instruments Co., Downers Grove, 111. 


Triton-X100. Fisher Scientilic Co., Raleigh, N.C. * Model 33'20 liquid scintillation spectrometer, Packard Instruments Co., Downers 
Grove, 111. 


Mi NUTES 
Figure 3-Dose-normalized plasma data. 


Red blood cells were measured for bound drug by washing approxi- 
mately 0.5-ml samples with 3 ml of normal saline (4). Accurately pipetted 
aliquots of packed cells were placed in No. 0 gelatin capsules, dried in a 
desiccator, and burned in an oxygen flasks. A carbon dioxide-capturing 
cocktail, 10 ml, was used to trap the gas. The solution contained 50 mg 
of 1,4-bis[2-(5-phenyloxazolyl)] benzene and 2 g of 2,5-diphenyloxazole 
in a mixture of 135 ml of methanol, 135 ml of phenylethylamine, and 230 
ml of toluene. These samples were also measured in a scintillation 
counter. 


Although no metabolites have been reported (3,4), recoveries of 65- 
103% during the experiment prompted an examination of the urine for 
possible metabolites. TLC, involving development of urine samples in 
chloroform-methanol (8030), indicated that no metabolism had oc- 
curred. 


RESULTS AND DISCUSSION 


Thirteen animals were tested by the described procedure. In all ani- 
mals, plasma and red cell samples were collected a t  suitable intervals, 
but urine collections were not satisfactory in three animals. Curves of 
plasma, urine, and red cell concentrations were smooth and judged 
suitable for evaluation of possible kinetic models. 


Since previous workers used a simple one-compartment model for 
acetazolamide, the data were examined as to fit to a monoexponential 
equation. When plotted as log plasma concentration versus time, sys- 
tematic deviation from Iinearity was found invariably (Fig. 1). Obviously, 
a single-compartment model was not suitable. 


Possibly, the best means of deciding on the number of exponentials 
required to describe the data is use of the computer programs AUTOAN 
and NONLIN. Plasma data from each animal were tested by computer 
uia multiple correlation coefficients. The average coefficients obtained 
were 0.6425 f 0.0241 for the monoexponential, 0.9959 f 0.0026 for the 
biexponential, and 0.9985 f 0.0013 for the triexponential equations. From 
these results, it was decided that the biexponential equation was best. 
The improvement gained by use of a triexponential equation did not 
justify the increased complexity. 


The fit of the biexponential equation indicated that the plasma a- 
cetazolamide data fit a linear two-compartment model (Scheme I) where 
Compartment 1 is the circulating plasma plus other highly perfused 
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Figure 4-Cumulative urinary excretion. Predicted curve was obtained 
from linear two-compartment model. 


' Thomas-Ogg model 11, Sargent Instrument Co.. Chicago, 111. 
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Figure 5-Cumulative urinary excretion and tissue levels versus time. 
Key: -, predicted curves; A, observed tissue level; and m, observed 
cumulative urinary excretion. 


tissues, Compartment 2 is less highly perfused tissue, and excretion occurs 
from Compartment 1 by way of the urine. With NONLIN, the kinetic 
parameters for this model were obtained for all animals. All plasma curves 
were f i t  satisfactorily to the model. 


Since the mechanism of action of the drug involves tight binding in a 
widely distributed enzyme, the model was tested for linearity. Classically, 
a drug that follows linear kinetics will have a linear relationship between 
the area under the plasma curve ( A U C )  and dose (14) (Fig. 2). Dose- 
normalized plasma data obtained from plasma data a t  various doses 
should give a satisfactory fit to one superimposable curve if a drug follows 
linear kinetics. Figure 3 shows excellent agreement from data obtained 
following doses ranging from 1 to 20 mglkg. Furthermore, no trends were 
seen when the individual curves were plotted together. Derived rate 
constants were also independent of dose and indicated kinetic linearity. 
In addition to these criteria, acetazolamide excretion was found to follow 
linear kinetics as judged by the computer program AUTOAN. 


While these tests indicated that the linear model was appropriate, 
further examination utilizing urine and red blood cell data cast doubt 
on its suitability. Plots of observed and predicted drug elimination 
showed a consistent and marked overprediction (Fig. 4). Moreover, 
computed values for plasma concentrations a t  later time points were 
consistently below measured values. 


The suitability of the linear model was also judged by comparing 
predicted amounts in the tissue with observed values. These values were 
determined by: 


x:! = n - (CVI + X,) (Eq. 1) 


where X:! is the observed value, D is the dose, C is the plasma concen- 
tration, V1 is the calculated volume of the central compartment, and X, 
is the cumulative amount of acetazolamide measured in the urine. A t  later 
times, the value CVI  becomes very small and the equation effectively 
reduces to: 


x:! = u - x, (Eq. 2) 


Graphs of the observed and predicted tissue levels showed that the model 
consistently underpredicted the later points (Fig. 5). While the predicted 
curve decreased substantially with time, the observed values did not, 
indicating strong hinding to tissue protein. Additional insight was gained 
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MINUTES 
Figure 6-Acetazolamide concentrations. Key: m. plasma; and A, 
u:ashed red blood cells. 


PLASMA CONCENTRATION, pglml 
Figure 'I-Plasma curve obtained from nonlinear model with two tissue 
binding parameters. 


by obtaining the difference between the actual and predicted values of 
X p  a t  later times. A fairly consistent difference of approximately 2.2 mg 
was found, indicating a nearly constant fraction of drug not accounted 
for by the model. - 


Washed red blood cells were also examined for the drue. Followine 
bolus injection, prompt saturation of the cells was attained (Fig. 6L 
Plateau drug levels in the red cells were consistently above plasma con- 
centrations and were maintained for varying times, again indicating tight 
binding to protein. 


While several classical tests for linearity indicated that the model was 
satisfactory, utilization of the urine and red blood cell data showed that 
the linear model did not accurately describe all data. The strong binding 
suggested that a nonlinear model would be more appropriate than a more 
complicated linear model. 


A nonlinear model system presented by Wagner (15) incorporates the 
concept of tissue hinding. While a linear model gives a linear plot of AUC 
versus dose, a nonlinear model can also give this relationship. Wagner 
showed that data following the tissue-binding model can also be fitted 
to a biexponential equation (15). The simplest model in this system, a 
one-compartment model with one type of tissue binding, was tested first. 
The model makes two assumptions: that maximum binding occurs in- 
stantaneously on injection since the plasma concentration is highest a t  
this time (data from red blood cells indicated that uptake of the drug is 
sufficiently rapid to make this assumption) and that different types of 
protein-drug interactions are similar enough to be represented by one 
hinding equation. 


The data were fitted to the nonlinear model, and satisfactory fits to 
plasma and amount of drug in the body were obtained. The tissue curve, 
however, did not describe red blood cell concentrations well. Therefore, 
it was decided to expand the model to contain two tissue-binding pa- 
rameters, one a generalized tissue and the other the red blood cells. The 
equations for this model (Scheme 11) are: 


A1C ApC T 1 + T p = - + -  
B , + C  B * + C  (Eq. 5) 


where C is the plasma concentration with Co its initial value; t is time; 
K is the eliminalion constant; A1 is the maximum concentration of drug 
bound to the generalized binding tissue, 7 ' 1 ;  R1 is the dissociation constant 
for the drug-tissue complex; and A2 and R2 are corresponding values for 
red blood cells, 7'2. 


tissue tissue 
I binding 


I I 


Scheme II-Nonlinear one-compartment model with two types of 
binding sites. 
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Table I-Summary of Pharmacokinetic Parameters  fo r  Nonlinear Model with Two  Binding Parameters  


co, 
Rabbit pglml 


14 39.38 


15 8.33 


16 15.10 


22 9.23 


23 5.43 


25 13.58 


26 4.88 


27 5.66 


28 19.74 


29 29.16 


f 0.83 


f 0.37 


f 0.46 


f 0.19 


f 0.02 


f 1.04 


f 0.15 


f 0.09 


f 0.54 


f 0.32 


18 8.39 


19 121.11 


21 30.23 


f 1.42 


f 21.04 


f 2.09 


AI, 
rglml 


11.27 


3.22 


1.72 


1.50 


4.20 


6.07 


1.30 


1.49 


9.44 


16.29 


f 0.49 


f 0.43 


f 0.14 


f 0.09 


f 0.23 


f 0.83 


f 0.15 


f 0.10 


f 0.47 


f 0.29 
f 


31.69 


34.69 


7.28 


f 8.72 


f 15.79 


f 1.73 


R1, 
rglml 


0.0001 1 
f 0.00001 


0.0137 
f 0.0150 


0.0001 1 
f 0.00004 


0.00014 
f 0.00003 


0.0373 
f 0.0040 


0.0021 
f 0.0014 


0.0001 1 ' 


f 0.00003 
0.00033 
f 0.00013 


0.00063 
f 0.00008 


0.00016 
f 0.000004 


0.00547 
f 0.01 19 


0.0057 


0.0058 


0.0025 


f 0.001 1 


f 0.0026 


f 0.0007 


A 2, 
rg/ml 


4.00 


0.77 


2.45 


1.80 


2.94 


4.05 


1.10 


0.98 


4.84 


2.84 


2.58 


f 0.47 


f 0.25 


f 0.12 


f 0.0857 


f 0.11 


f 0.63 


f 0.07 


f 0.06 


f 0.28 


f 0.10 


f 1.42 


3.95 


6.29 


3.20 


f 0.76 


f 0.93 


f 0.25 


RP, 
pglml 


1.3777 


0.8331 


0.0708 


0.00014 


0.000 12 


0.3377 


0.00022 


0.1095 


0.2540 


0.0826 


0.3066 


f 0.4628 


f 0.6383 


f 0.00094 


f 0.00004 


f 0.00001 


f 0.1293 


f 0.00006 


f 0.0397 


f 0.0447 


f 0.0080 


f 0.4539 


0.2613 


0.3975 


0.0583 


f 0.051 7 


f 0.0924 


f 0.0250 


K ,  
wdml 


0.0165 


0.01 26 


0.0173 


0.0145 


0.0290 


0.0251 


0.01 13 


0.0153 


0.0222 


0.0155 


0.0179 


f 0.0156 


f 0.0062 


f 0.0088 


f 0.0091 


f 0.0126 


f 0.0089 


f 0.0058 


f 0.0073 


f 0.0056 


f 0.0446 


f 0.0057 


0.0151 


0.0156 


0.01 16 


f 0.0071 


f 0.0106 


f 0.0031 


Volume, 
ml/ke 


~ 


182.98 


405.84 


259.47 


399.04 


198.89 


168.78 


412.09 


492.00 


176.37 


207.08 


290.25 
f 123.01 


129.00 


123.39 


245.64 


R2 
RBC" xb Plasma Total 


0.980 0.997 0.963 0.997 


0.994 0.996 0.966 0.996 


0.994 0.995 0.977 0.995 


0.980 0.999 0.972 0.997 


0.981 0.998 0.983 0.994 


0.980 0.989 0.998 0.988 


0.993 0.998 0.934 0.997 


0.987 0.999 0.949 0.999 


0.995 0.999 0.997 0.999 


0.971 1.000 0.992 0.999 


Rabbits 18, 19, and 21 were f i t  
using estimates from above data. 
No urine was taken. 


0.979 0.998 


0.970 0.996 


0.926 0.999 


0.998 - 
0.996 - 


1.000 - 


Red blood cells 


The data were fitted by computer to three equations simultaneously. 
The first (Eq. 4) is the integrated plasma equation. The equation de- 
scribing the amount of drug in the body, xb, as a function of plasma 
concentration is: 


where dose/(Co t A1 t A2) is the volume of distribution. The equation 
for the quantity of drug bound to the red cells, r2, is: 


(Eq. 7) 


Data for the first equation were observed plasma concentrations, data 
for the second equation were calculated amounts remaining in the body 
(dose - Xe), and data for the third equation were observed amounts in 
the red cells. While good initial estimates of CO could be obtained from 
the biexponential fit, estimates of the other parameters proved hard to 
obtain. The value of A2 was obtained from a nonlinear fit of the bound 
red blood cell data, and A1 was assumed to be larger than A2. The value 
of B2 was also estimated from individual fitting of red blood cell data 
while the value of I31 was assumed to be much smaller than BP. An un- 
satisfactory estimate resulted in an improbable parameter value, and the 
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Figure 8-Amount in body, Xb, versus plasma Concentration 
from nonlinear model with two tissue-binding parameters. 


obtained 


fitting procedure was rerun with a new estimate. Excellent fits were ob- 
tained for all but one data set with regression coefficients of about 0.99. 
Figures 7-9 are examples of the types of curves obtained. Table I lists the 
estimated parameters, calculated volumes, and multiple regression 
coefficients for the data sets. 


The initial plasma concentration, CO, increased proportionally with 
dose, as might be expected. The maximum concentration of drug hound 
to red cells, AP, was not correlated with dose but was highly variable from 
one animal to another. The erythrocytes, being readily accessible to drug 
in plasma and limited in number, might be expected to be saturated 
readily, but individual variation appeared to mask this effect. 


The maximum concentration of drug bound to the undefined binding 
tissue, TI, was found to be a function of dose with no evidence of satu- 
ration. Since carbonic anhydrase, which is thought to be the major 
binding component of this tissue, is present in practically all body cells, 
saturation would not be expected except a t  extremely large doses. The 
effect of increasing dose in the normal range probably is the result of the 
penetration of the drug to less accessible regions. 


Insight into the nature of the hinding in TI is obtained from values of 
E l ;  R1 represents the dissociation constant of the complex in micrograms 
per milliliter. Conversion of the average value for R1,0.00547 pg/ml, into 
molar units yields 2.5 X M. If acetazolamide binding to plasma 
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PLASMA CONCENTRATION, pglml 
Figure 9-Red blood cell-bound acetatolamide obtained from nonlinear 
model with two tissue-binding parameters. 
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(Eq. 8 )  


while predicted values are the sums of T, + T z  for the same points in time. 
Figure 10 is a typical plot of predicted and observed values. Predicted 
and observed values for the red blood cell concentrations, T2, are also 
shown. Excellent agreement was seen with all data. 


As a result of this work, it is concluded that the nonlinear tissue model 
is superior to a linear model in describing acetazolamide kinetics. Since 
it describes the binding of the drug to particular tissues, it appears to be 
especially suitable for correlation of kinetics of distribution with physi- 
ological activity. Such a study is the suhject of a subsequent report 
(12). 
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OPEN FORUM 


Benzoyl Peroxide Analysis 


In a recent paper’ in this Journal, “High-pressure Liquid 
Chromatographic Assay of Benzoyl Peroxide in Dermatological Gels 
and Lotions,” the authors questioned the validity of a TLC system 
described by our laboratories in a paper2 entitled “The Stability of a 
Benzoyl Peroxide Acne Cream Product.” The reliance on removing 
and measuring spectrophotometrically an extract from the solvent 
front of a chromatogram was recognized, and a subsequent paper3, 
“An Improved TLC Procedure for the Quantitative Determination of 
Benzoyl Peroxide in Acne Creams,” was published. This procedure 
utilized acetonitrile-water (1:l) in a reversed-phase system on an 
acetylated support, and complete resolution was achieved with 
benzoyl peroxide (Rf  0.42), benzoic acid (Rf 0.9-LO), and other 
isolable impurities. Excellent assay agreement was obtained between 
this method and an iodometric titration procedure in deliberately 
degraded cream formulations. The fact that the iodometric titration 
procedure was proven to be stability indicating suggests its use as an 
assay method in terms of economics and simplicity over 
chromatographic methods. 


D. L. Simmons 
Research and Development 
Frank W. Horner Ltd. 
Montreal, Canada H3C 2W6 
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Drug Stability in Veterinary 
Dosage Forms 


The January 1979 issue of this Journal contained an editorial on 
“Consistency in Stability Testing”]. This timely editorial was of great 
interest to the Review Chemists in the Bureau of Veterinary Medicine 
of the Food and Drug Administration because they are deeply 
involved in the review and evaluation of stability testing of drug 
products. 


The Bureau of Veterinary Medicine is a counterpart to the Bureau 
of Drugs, though with a smaller contingent of Review Chemists. The 
public only hears about veterinary medicine on such issues as DES, 
nitrites, nitrofurazones, and low-level antibiotics. The Bureau, 
however, has a much larger responsibility in approving drugs for 
animal use. Such critical areas as animal safety and human safety 
must be considered in addition to the effectiveness of the drug. The 
process of approval is just as intense as that for human products. In 
many cases, the approval is more critical since food products are 
involved. 


(identical in many cases to the human dosage forms except for 
labeling), as medicated feed preparations (premixes, supplements, 
and complete feeds), and as other forms such as medicated blocks. 


Bureau Review Chemists are responsible for evaluating the 
manufacturing operations related to the production of the final 
products to ensure that they meet the standards they purport to 
possess. 


Stability is an important issue for veterinary products just as it is 
for human products. In fact, the issue is much more complex because 
of the variety of products and use patterns. Because of these 
complexities and often questionable areas of stability testing for 
veterinary products, the Bureau of Veterinary Medicine developed a 


Veterinary drug products are sold as pharmaceutical dosage forms 


set of guidelines for industry and reviewer use. The Bureau issued the 
Guidelines in July 1976 with a Federal Register2 notice of availability 
in November of the same year. The Guidelines were updated in 
February 1978. 


For veterinary products, stability is probably more critical and 
harder to focus on. Because of obvious reasons, human drug products 
enjoy a much higher plateau in the various fields of research and 
methods development. Human products are often used under 
controlled situations or conditions-stored in pharmacies and used 
in clinics, hospitals, and households. Probably the only controlled 
conditions for veterinary product usage, however, are in veterinary 
clinics, hospitals, or offices. Use by farmers of drugs purchased by 
them or dispensed to them leaves much to be desired as far as 
stability and shelflife are concerned. Many animal drugs are subjected 
to higher temperatures and abuse than human drug counterparts. 
However, as provided under our laws, a veterinary drug is a “drug” 
and must meet the requirements and individual standards of strength, 
quality, purity, and identity as proclaimed by the Act. The drug must 
also be manufactured under the cGMPs as published by the FDA. 


We, in the Bureau of Veterinary Medicine, feel the Guidelines we 
have issued are meaningful and provide the guidance needed by 
industry. Many companies concerned with human pharmaceuticals 
are currently using our Guidelines. The Guidelines represent our best 
scientific judgment on the topic and should be used as just that- 
“guidelines.” Our general position is that every product is unique and 
must “stand on its own” as far as stability is concerned. 


Copies of the drug Guidelines can be obtained by writing to the: 
Food and Drug Administration, Bureau of Veterinary Medicine, 
Industry Relations Branch, HFV-226,5600 Fishers Lane, Rockville, 
MD 20857. 


John R. Markus 
Scientific Evaluation 
Bureau of Veterinary Medicine 
Food and Drug Administration 
Rockville, MD 20852 
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Unified Theory of  Anesthesia 


The current diversity of theories of narcosis indicates a lack of 
understanding of the mechanism of anesthesia a t  the molecular level. 
Ecanow and have proposed a hypothesis that integrates 
the descriptive, clinical, and laboratory data concerning individuals 
in a state of anesthesia. 


This hypothesis is based on the concept that neuronal cells, like all 
cells, have membranes in the coacervate state; that is, the membrane 
exists as an aqueous phase that is in a different thermodynamic state 
than that of the surrounding aqueous plasma and interstitial fluids3. 
The addition of a small increment of drug to a coacervate phase 
produces a change in structuring, which results in a free energy 
change which is chiefly entropic. Accompanying the free energy 
change are pharmacological 


The colloid theory initially proposed by Claude Bernard in 1875 
and subsequently elaborated by others suggested that a reversible 
aggregation of cell colloids causes or accompanies anesthesia. This 
reversible aggregation is precisely what occurs upon the introduction 
of an anesthetic agent to the colloidal system known as the coacervate 
phase. The change in aggregation relationships is measured by 
changes in physicochemical properties3. These changes, in turn, 
correlate with the ranking of clinical potencies in a series of 
depressant drugs2. 


parallelism between the affinity for a lipid phase and its resultant 
central nervous system (CNS) depressant action. The affinity is 


The lipid theory advanced by Meyer and Overton proposes a direct 
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measured in a lipid phase, which is usually a vegetable or organic 
liquid. By contrast, coacervates can be prepared from true lipids as 
well as other surfactants. Use of a coacervate as the lipid phase is 
more realistic to test for affinity and confirms the above parallelism3. 
Further, coacervates with their ability to show a continuum of subtle 
responses to the addition of anesthetics parallel the subtle responses 
characteristic of biophase reactions. The coacervate with its 
composition of lipids, colloids, water, and electrolytes is of the same 
composition as the biophase. On the other hand, the oils used in oil- 
water partition studies are a t  best single-point approximations of the 
physical-chemical properties of the biophase3. 


The cell permeability theory advanced by Hoher and others states 
that anesthetics stabilize the cell membrane and thus decrease the ion 
exchanges that normally accompany depolarization. This stabilizing 
of the cell membrane has been shown to accompany the increasing 
matrix structuring that occurs on the addition of anesthetics to a 
coacervate phase. This result is reflected by the increased resistance 
to electrical conductivity of a coacervate phase when the depressant 
drugs are added to the coacervate. The conductivity, in turn, parallels 
the clinical potency of the anesthetics added to the coacervate 
p h a ~ e ~ . ~ .  


The increased red cell permeability to glucose normally produced 
by carbon dioxide can be seen by bubbling carbon dioxide through a 
coacervate phase and following the increasing glucose solubility 
(permeability). This increased permeability is inhibited upon the 
addition of an anesthetic agent to the coacervate phase. 


In current neurophysiologocd theory, there is no satisfactory 
explanation for the observation that decreased synaptic transmission 
can be caused by anesthetic agents while, a t  the same time, axonal 
conduction remains unimpaired. We explain this observation as 
follows. The aqueous matrix in a synaptic cleft is a structured aqueous 
medium, thermodynamically different from neuronal cytoplasm and 
adjacent aqueous plasma. In effect, it constitutes three different 
states of aqueous media. The addition of an anesthetic agent 
concentrates in and further increases the synaptic aqueous matrix 
structuring, thus impairing synaptic transmission while axonal 
transmission remains unimpaired” 


The Pauling and Miller concept of the structuring of water 
molecules around the anesthetic agent within the CNS focuses 
attention on the role of water. However, by focusing on water 
structuring as opposed to total matrix structuring, the theory suffers 
from the fact that the suggested stability is not likely to occur under 
conditions of normal body temperatures. The water-lipid equilibrium 


phase known as protoplasm is a coacervate and has no such limitation. 
The coacervate matrix a t  body temperature can readily become 
increasingly stable. The point to be emphasized is that the coacervate 
phase is both an aqueous phase and a lipoidal phase. As such, it 
integrates the attractive features of both the water structuring theory 
and the lipid theory of anesthetic mechanism. 


The concept that general anesthetics expand the lipid phase of a 
membrane4 correlates directly with the expansion of a coacervate 
phase as it becomes increasingly structured by the addition of clinical 
amounts of the anesthetic agent. High pressures that reverse 
anesthetic-induced expansion of the biomembrane also reduce 
expanded structures of coacervates. Many artificial phospholipid 
membranes used to confirm the expansion concept by means of 
electron-spin resonance are really phospholipid aqueous matrixes that 
are coacervate phases. 


undergoing subtle changes in structuring that correspond to different 
degrees of anesthesia supplies a fundamental predictive and 
experimentally verifiable basis for a unified theory to account for 
cellular changes produced by anesthetics as well as other drugs and 
metabolites. Finally, the membrane can undergo a continuum of free 
energy changes from polar to nonpolar properties. The anesthetic 
state occupies one range on this continuum. 
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Abstract 0 An electron-capture GLC method is described for oxycodone 
and its major metabolite, noroxycodone, in plasma and urine. The method 
involves extraction of the two substances into benzene-isopropanol a t  
pH 10.4, followed by back-extraction into 0.1 N HCI. The acid phase is 
washed with hexane and made alkaline prior to reextraction into ben- 
zene-isopropanol. The solvent is removed by evaporation, and the hep- 
tafluorobutyryl derivatives of the test substances are formed. After re- 
moval of excess reagent, oxycodone and noroxycodone are quantitated 
by CLC. The characteristics of both substances, with respect to plasma 
levels in dogs and analgesic activity in mice, are reported. Isolation of 
noroxycodone from human urine and i t s  identification by TLC, GLC, 
and mass spectrometry are described. 


Keyphrases 0 Oxycodone-analysis in plasma and urine, metabolites, 
electron-capture GLC method o GLC, electron capture-analysis, ox- 
ycodone and noroxycodone in plasma and urine 0 Noroxycodone- 
analysis in plasma and urine, electron-capture GLC method 


Oxycodone (4,5a-epoxy-14-hydroxy-3-methoxy-17- 
methylmorphinan-6-one) has pharmacological properties 
similar to those of codeine and is used in combination with 
aspirin, phenacetin, and caffeine' and with acetamino- 
phen2 in the treatment of moderate to moderately severe 
pain (1). Existing methods (2,3) for the determination of 
oxycodone in biological materials, while useful as screening 
procedures for forensic purposes, are not sufficiently 
sensitive to determine the drug in plasma after clinical 
doses. 


This report describes a specific, sensitive analytical 
method for plasma oxycodone and noroxycodone, its major 
metabolite. 


EXPERIMENTAL 


Extraction of Oxycodone and Noroxycodone from Plasma-A 
2-ml plasma sample containing oxycodone and noroxycodone was placed 
in a 25-ml screw-capped centrifuge tube3, and 25 ng of naltrexone hy- 
drochloride' (in 0.1 ml of aqueous solution), the internal standard, was 
added followed by 1 ml of distilled water. The pH was adjusted to 10 with 
1 N NaOH, and 1.5 ml of pH 10.4 phosphate buffer'j was added, followed 
by 1.5 g of sodium chloride. 
This mixture was extracted with 10 ml of benzene6 containing 1% (v/v) 


isopropanol by shaking on a wrist-action shaker for 30 min. After cen- 
trifugation for 15 min a t  2200Xg, 9 ml of the upper organic layer was 
transferred into a 15-ml glass-stoppered centrifuge tube containing 1 ml 
of 0.1 N HCI. The tube was agitated on a mixer' for I min and then cen- 
trifuged for 10 min a t  1240Xg. 


The upper organic phase was discarded, and the remaining aqueous 
layer was washed with 5 ml of hexane6. After the hexane was discarded, 
the aqueow phase was adjusted to pH 10 with 0.1 N NaOH, and 1.5 ml 
of pH 10.4 phosphate buffer was added. The alkaline aqueous phase was 
extracted into 6 ml of benzene containing 1% isopropanol by shaking for 


1 Percodan, Endo Laboratories. 
Percocet-5, Endo Laboratories. 


3 Corer tube with Teflon-lined cap. ' Naltrexone hydrochloride, oxycodone hydrochloride, and noroxycodone hy- 
drochloride were obtained from Endo Laboratories. 


Potneaium hw hate buffer is prepared by adding 5% aqueous K.qPOcH20 
to 3596 aqueoua &H€%, until pH 10.4 is attained. Both phosphate d t s  are "Baker 
analyzed" reagent grade. 


6 All organic solvents used are Burdick & Jackson, distilled in glass. 
1 vortex. 


30 rnin on a wrist-action shaker. After centrifugation a t  1240Xg for 10 
min, 5 ml of the upper benzene phase was transferred, 2.5 ml at a time, 
to a 5-ml glass-stoppered centrifuge tube and evaporated to drynews. 


Preparation of Plasma Standards-Aqueous solutions of oxycodone 
hydrochloride in the concentration range from 100 to 6.25 ng/ml were 
prepared by serial dilution. Aliquots of these solutions were added to 
control plasma samples such that the concentrations of oxycodone hy- 
drochloride in plasma ranged from 10.0 to 0.625 ng/ml. The internal 
standard was added, and extraction and quantitation were performed 
as already described. 


Expired human plasma obtained from blood banks and dog plasma 
were both used for oxycodone plasma standards. 


Derivatization and GLC-The heptafluorobutyryl derivatives of 
oxycodone, noroxycodone, and naltrexone (the internal standard) were 
prepared by treating the dried residue of the extract with heptafluo- 
robutyrylimidazole9 (I). Ten microliters each of benzene and I were added 
to the dried residue. The mixture was agitated on a mixer for 3 sec and 
incubated a t  85" for 45 min in a heating blocklo. After cooling, 50 fil of 
toluene was added to the reaction mixture. The toluene solution was 
washed once with 1 ml of 2.5% aqueous NHdOH and then three times with 
distilled water. After each washing, the mixture was centrifuged and the 
lower aqueous phase was removed with a Pasteur pipet. 


A 2- o r  4-1.11 aliquot of the toluene solution was injected into the gas 
chromatographll, which was equipped with a 15-mCi 3H-electmn-capture 
detector. The 1.8-m glass column, packed with 3.8% methyl phenyl silicon 
gum rubber12, had been previously conditioned for 48 hr a t  250" with a 
helium flow rate of 12 ml/min. The oven, detector, and injection port 
temperatures were 215,220, and 220°, respectively. The pulse interval 
setting was 15. The carrier was helium, 75 mllmin; 10% methane in argon, 
100 ml/min, was the purge gas. 


The peak height ratios of oxycodone and naltrexone heptafluoro- 
butyrates and of noroxycodone and naltrexone heptduorobutyrates were 
determined and were proportional to the amounts of oxycodone and 
noroxycodone injected. 


Extraction of Oxycodone and  Noroxycodone from Urine-Urine 
samples were extracted for oxycodone or noroxycodone analysis by di- 
luting 0.1 ml of urine with 2.9 ml of distilled water. The pH of the diluted 
urine was adjusted to 1.0 with 5 N HzS04. The diluted, acidified urine 
was washed with 10 ml of benzene on a mixer for 1-2 min. Then the 
benzene wash was discarded, and the aqueous phase pH was adjusted to 
10 with 5 N NaOH. The extraction was then performed as already de- 
scribed for plasma. 


After formation of the heptafluorobutyryl derivatives, the samples were 
reconstituted in 100 pl of toluene and washed as described for plasma 
extracts. Then I-pl aliquots were injected. The oxycodone or noroxyco- 
done concentration in urine was determined using an external standard 
consisting of control urine with known amounts of oxycodone added. 
Control urine samples with oxycodone hydrochloride added to yield 
concentrations between 100 and 2500 ng/ml were appropriate standards. 
The internal standard used in plasma was obscured by an interfering peak 
in urine extracts. 


Metabolite Isolation and Identification-For TLC and subsequent 
mass spectrometry, 10 ml of urine containing oxycodone and noroxyco- 
done (spiked control urine containing 10 Fg/ml of each was used as a 
standard) was adjusted to pH 1.0 with 5 N H2S04. The acidified urine 
was washed with benzene and readjusted to pH 10 with 5 N NaOH. After 
addition of 1.5 ml of pH 10.4 phosphate buffer and 2 g of sodium chloride, 
the urine sample was extracted with 6.0 ml of benzene. Then the benzene 
extract was evaporated to dryness. 


8 Evaporation was performed with a Buchler Evepo-Mix attached to a water 
aspirator. 


9 Pierce Chemicals, Rockford, 111. 
10 Temp-Blok, Lab Line Instruments, Melrose Park. 111. 


Hewlett-Packard model 7610A. 
12 OV-17 on 80-100-mesh Caa Chrom Q. 
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Table I-Plasma Concentrations (Nanograms per  Milliliter) of 
Oxycodone and Noroxycodone in Dogs 


Dog 1,0.5 mg/kg PO Dog 2.0.1 mg/kg po 
Minutes Oxycodone Noroxycodone" Oxycodone Noroxycodone" 


0 
5 
7 


15 
30 
45 
60 
90 .. 


120 
180 
240 
420 


24 hr 


NDh 
3.0 


6.5 
5.8 
5.3 
3.8 
2.7 
4.8 
2.1 
ND 
ND 
ND 


c - 


ND 
11.5 


c - 
34.5 
34.7 
38.3 
28.4 
31.5 
23.7 
17.5 
21.3 
14.7 
ND 


ND 


N ri 
1 . 1  
2.3 
4.4 
2.6 
1 .6 
1.5 
0.8 
ND 


ND 
c - 


ND 
1.7 
7.5 


d - 
4.2 
3.2 
7.4 
7.0 
4.9 


c 
1 


- 
- 


Calculated as oxycodone equivalents. * ND = not detectable. c No sample. * Quantitation impossible due to interfering peaks. 


Table 11-Effects of Oxycodone Hydrochloride and 
Noroxycodone Hydrochloride in Mouse Phenylquinone 
Writhing Test 


EDSO", mgikg 
Route Oxycodone Norox ycodone 


Oral 0.74 26 
Subcutaneous 0.16 22 


0 See text for  details 


The residue was reconstituted with 100 pl of methanol, and 20 pl was 
spotted on a 0.25-mm silica gel thin-layer pIatel3. The developing solvent 
was chloroform-ethanol (ahsolute)-concentrated ammonium hydroxide 
(5050:l v/v). Oxycodone and its metabolite were detected with Dra- 
gendorf spray reagent oversprayed with 596 aqueous NaN02 (4). 


The area of the thin-layer plate corresponding to the R, of standard 
noroxycodone was scraped from the plate, and the metabolite was eluted 
from the silica with 1 ml of methanol. Then the eluate was evaporated 
to dryness. 


The mass spectrum of the isolated metabolite in the dried residue was 
determined with a high-resolution mass spectrometer'4. The mass 
spectrum of noroxycodone was also determined for comparison. 


Animal Studies-One male beagle dog was given oxycodone hydro- 
chloride by gavage, 0.5 mghg  in 100 ml of water. Blood samples were 
collected from the jugular vein into heparinized tubes16 a t  0,5,15,30,45, 
60,90,120,180, and 240 min and 24 hr after dosing. 


To determine plasma concentrations a t  a dose approximating the 
clinical dose, another male beagle dog was given, by gavage, 0.1 mg of 
oxycodone hydrochloride/kg in 100 ml of water. Blood samples were 
collected as already described a t  0,7,15,30,45,60,90,120,180, and 240 
min. 


Plasma was extracted and derivatized. and oxycodone and noroxyco- 
done concentrations were determined as already described. Noroxyco- 
done is reported quantitatively as oxycodone equivalents. 


Oral and parenteral activities of the metabolite were compared with 
that of the parent compound in a modification of the mouse phenylqui- 
none writhing test described by Siegmund et al. (5) Twenty mice were 


'3 Brinkmann silica gel 60. 
14 Du Pont model 21-492. 
16 Vecutainer. 


used for oxycodone evaluations, and 10 were used for noroxycodone. 
Noroxycodone values were determined a t  the peak time observed for 
oxycodone by the oral (20 min) and subcutaneous (5 min) routes. 


Metabolite Identification-A urine sample obtained from a patient 
being treated with high doses of oxycodone by his personal physician ( i e . ,  
approximately 700 mg/day) was processed as already described for iso- 
lation and identification of the metabolite. The urine extract was 
subjected to analysis by GLC, TLC, and mass spectrometry. 


RESULTS 


GLC and Extractions-Under the described chromatographic con- 
ditions, the heptafluorobutyryl derivatives of oxycodone and naltrexone 
had retention times of 3.5 and 5.7 min, respectively. There were no in- 
terfering peaks from either human or dog plasma extracts; however, an 
interfering peak from urine prevented the use of naltrexone with urine 
samples. The recovery of oxycodone was 90% of an unextracted standard. 
There was a linear, reproducible relationship betwen the electron-capture 
GLC response and the plasma or urine oxycodone concentration. 


Reproducibility of peak height ratios for quadruplicate samples with 
oxycodone hydrochloride added to contain 10.0 and 1.0 ng/ml was 6.0 and 
17.0% (percent standard deviation), respectively. 


When urine and plasma samples were analyzed by this method, a peak 
with a retention time of 4.8 min was consistently observed. This peak did 
not appear in any zero-time, blank, or control samples, and evidence is 
presented here for its identity with noroxycodone. 


Metabolite Identification-The heptafluorobutyryl derivative of 
noroxycodone was prepared under the same conditions used for dog 
plasma and human urine analysis. The derivative of noroxycodone had 
a retention time of 4.8 min when subjected to the CLC conditions iden- 
tical to those used for the metabolite. 


TLC yielded R, values of 0.15 for both the metabolite isolated from 
human urine and standard noroxycodone and 0.73 for oxycodone. The 
concentrations, determined by GLC, of oxycodone and noroxycodone 
in the human urine sample were 12.9 and 18.3 pglml, respectively. 


Mass spectral data confirmed that the metabolite isolated by TLC from 
human urine was noroxycodone. The mass spectrum showed a strong 
molecular ion peak at m/e 301 and a characteristic fragment pattern that 
agreed well with the pattern obtained for the standard noroxycodone. 


Animal Studies-In dogs given 0.1 and 0.5 mg/kg of oxycodone PO, 
plasma noroxycodone levels were higher than those of the parent com- 
pound (Table I). In mice, results of the phenylquinone writhing test 
(Table 11) indicated that noroxycodone is considerably less active than 
oxycodone, both orally and parenterally. Moreover, in contrast to ob- 
servations of mice given oxycodone, the Straub tail response was not 
observed following noroxycodone administration. 
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Figure 8-Concentration-time plots of phenformin (0,O) and total 
radioacticity (.,.I in plasma resulting from 1.5-mglkg iu doses of 
14C-phenformin hydrochloride administered t o  two beagle dogs. 


scanning comparisons, and the identity of I11 was determined by enzy- 
matic hydrolysis experiments similar to those described for rats. Me- 
tabolite IV remains to be identified. 


The amounts of renally excreted I-IV, as percentages of total admin- 
istered radioactivity, are presented in Table V. The relatively high urinary 
radioactivity levels and the lengthy time of collection permitted the 


preparation of “sigma minus” plots for phenformin, for each metabolite, 
and for total radioactivity (as apparent drug). These plots allowed the 
estimation of apparent disposition half-lives for I-IV and total radioac- 
tivity. The values averaged 35-37 hr. Figure 6 illustrates the results ob- 
tained from one dog after oral drug administration. Similar data were 
obtained from the second dog after intravenous drug administration. The 
theoretical considerations and an appraisal of this method were discussed 
by Martin (8). 


Plasma metabolic profiles were obtained after oral and intravenous 
drug administrations. Quantitative TLC results (Table VI) indicate the 
presence in plasma of significant amounts of unchanged drug and of each 
of the three metabolites. Plasma concentration-time curves resulting 
from single oral and intravenous doses were obtained for both animals 
(Figs. 7 and 8). The terminal log-linear parts of the curves indicate 
comparable elimination half-lives for phenformin and for total radioac- 
tivity. They averaged about 26 hr. 
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Abstract 0 Anesthetized mongrel dogs were exposed to various con- 
centrations of trichloromonofluoromethane. Before, during, and after 
the inhalation, arterial and venous blood samples were obtained for 
fluorocarbon analysis. After the cessation of fluorocarbon inhalation, a 
multiexponential decline from the blood was observed. This finding was 
similar to that of a previous study in which the fluorocarbon was ad- 
ministered intravenously to unanesthetized dogs. The half-life calculated 
from the terminal phase was about 280 min, and the pseudodistribution 
equilibrium was reached about 100 min after dosing. Study of the rela- 
tionship between blood fluorocarbon levels and effects on the respiration 
rate and arterial blood pressure indicates that  the sites of these phar- 
macological activities are located in the blood or central compartment 
rather than in the peripheral compartment. The effect on the heart rate 


appears to be quite instantaneous after inhalation. These results might 
shed some light on the fast effect of the fluorocarbon propellants. which 
caused sudden deaths after inhalation of a large quantity. 


Keyphrases 0 Trichloromonofluoromethane-blood levels correlated 
to cardiovascular and respiratory responses in dogs Cardiovascular 
responses-trichloromonofluoromethane, correlated to blood levels in 
dogs Respiratory responses-trichloromonofluoromethane, correlated 
to blood levels in dogs Aerosol propellants-trichloromonofluo- 
romethane, blood levels correlated to cardiovascular and respiratory 
responses in dogs 0 Fluorocarbon aerosol propellants-trichloromo- 
nofluoromethane, blood levels correlated to cardiovascular and respi- 
ratory responses in dogs 


Because of the wide use of fluorocarbon aerosol pro- 
pellants in various household, cosmetic, and pharmaceu- 
tical pressurized packages, the possible adverse effects or 


toxicities of these compounds have been studied exten- 
sively. These studies concerned the effects on the cardio- 
vascular system ( 1 4 ,  enzyme activities (5,9-ll) ,  muta- 
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Figure I-Arterial (0) and venous (0) blood Concentrations of fluo- 
rocarbon in a dog inhaling 2% ( o h )  of the compound in pure oxygen for 
60 min. 


tion (121, and ozone concentrations in the stratosphere 
(13). 


Most investigations of cardiovascular effects predicated 
the observed cardiotoxicity on the basis of concentrations 
inhaled rather than blood concentrations of the fluoro- 
carbons. The disposition kinetics of trichloromonofluo- 
romethane, a widely used fluorocarbon, after intravenous 
administration to unanesthetized dogs are best described 
by a three-compartment open model (14). The accumu- 
lation of the fluorocarbon in the tissue or peripheral 
compartment following multiple or chronic exposures may 
have an important bearing on its potential toxicity (14). 


The major objective of the present study was to correlate 
pharmacokinetically blood levels of trichloromonofluo- 
romethane with some cardiovascular and respiratory re- 
sponses in dogs following brief inhalations of the fluoro- 
carbon. 


EXPERIMENTAL 
Materials-Trichloromonofluoromethanel (bp 23.7'1, heparin so- 


dium*, pentobarbital sodiumg, and normal saline3 were used. 
Method-Mongrel dogs, fasted overnight and weighing 20-25 kg, were 


anesthetized with 25 mg of pentobarbital sodiumkg iv. The trachea, 
carotid and femoral arteries, and femoral vein were cannulated. The 
carotid artery and femoral vein were used for obtaining arterial and ve- 
nous blood samples, respectively; the femoral artery was used for mea- 
suring arterial pressure with a pressure transducef' placed two-thirds 
of the transthoracic distance from the back. The heart rate derived from 
the ECG (lead II), arterial blood pressure, and respiration were recorded 
continuously a t  a paper speed af 25 mm/sec on a polygraphs. Some of the 
data obtained from these measurements were expressed as change or 
percent change from control values. 


The dogs breathed the room air except during exposure to the fluoro- 
carbon when they exhaled into a well-ventilated room but inhaled only 
the gaseous mixture of the fluorocarbon in air or oxygen contained in a 
30-liter plastic bag. The outlet of the bag was connected to the tracheal 
cannula by a nonrebreathing valve6. The fluorocarbon concentration of 
the content of the bag proximal to its orifice, sampled with a 100-pi sy- 
ringe', was confirmed by GLC (15). 


Preliminary studies, in which the dogs were exposed to a 2% (v/v) 
concentration of fluorocarbon in oxygen, showed that the blood con- 


1 E. I. du Pont de Nemours & Co.. Wilmington, Del. 
2 Fisher Scientific Co., Fair Lawn, N.J. 
3 Abbott Laboratories, North Chicago, Ill. 
4 Statham Laboratories, Hatorey, Puerto Rico. 
6 Model 79. Grass Instrument Co., Quincy, Mass. 
6 Rudolph valve, Warren E-Collins, Inc., Braintree, Mass. 


Hamilton Co., Reno, Nev. 
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MINUTES 
Figure %-Arterial blood concentrations of the fluorocarbon in Dog 111 
inhating2% (m), 5% (o), and 7.5% (0)  of the fluorocarbon in air for 
5 min. 


centration increased rapidly from the time of exposure and approached 
steady state in less than 5 min. Consequently, following 30-45 min of 
equilibration after the preparation of the dog, various fluorocarbon 
concentrations were administered by inhalation through the inlet of the 
plastic bag for 5 min. An interval of 45 min elapsed before the subsequent 
concentration of the fluorocarbon was administered. 


Dog I was exposed to 2,5, and 10% (v/v) concentrations of the fluoro- 
carbon in air; Dog 11 was exposed to 2,5,7.5, and 10% (v/v) concentrations 
in air; and Dog 111 was exposed to 2,5, and 7.5% (v/v) concentrations in 
air. The lower concentration of the fluorocarbon was always studied first. 
Arterial and venous blood samples (0.5-1.0 ml) were withdrawn at ap- 
propriate intervals immediately before, during, and after the end of 
fluorocarbon inhalation. Blood fluorocarbon concentrations were ana- 
lyzed by a headspace GLC method (15). 


In the early phase of study involving several dogs, mixtures of different 
concentrations of the fluorocarbon with pure oxygen were used. This 
approach was considered more unrealistic, and the study was repeated 
using the fluorocarbon-air mixture. The reported results are based pri- 
marily on the fluorocarbon-air mixture study. 


RESULTS AND DISCUSSION 


Blood Level Profiles following Trichloromonofluoromethane 
Inhalation-In preliminary studies in which several dogs were exposed 
to a low concentration mixture of the fluorocarbon in oxygen for 60 min, 
the fluorocarbon concentrations in the arterial blood increased rapidly 
after the inhalation and approached steady-state levels in about 3-4 min. 
The  arterial blood level then remained essentially constant throughout 
the inhalation period. After the cessation of fluorocarbon inhalation, both 
the arterial and venous blood levels decreased in an apparent triexpo- 
nential decay pattern. Typical results are shown in Figs. 1 and 2. 


In a previous study on four anesthetized dogs, the average terminal 
half-life of trichloromonofluoromethane after inhalation was 18.34 min 
(16). This value is in marked contrast with the much longer terminal 
half-life (average of 92.7 min from four dogs) reported earlier for un- 
anesthetized dogs (7, 14, 15). The difference was attributed to the in- 
travenous administration (7, 14, 15) as compared to the inhalation ad- 
ministration (16). Such reasoning appears to be pharmacokinetically 
unsound. 


The long terminal half-life was again found in the present inhalation 
study in which blood sampling was continued for about 4 hr following the 
cessation of inhalation (Fig. 2). The terminal half-life for the anesthetized 
dog shown in Fig. 2 was approximately 280 min, about 14 times longer 
than the average half-life reported previously for anesthetized dogs 
(16). 


The fluorocarbon levels in the venous blood always rose more slowly 
and were also always lower than the corresponding arterial blood levels 
during inhalation. A similar finding was reported earlier (17). Similar to 
the earlier intravenous study (14), approximately 100 min was required 
before a pseudodistribution equilibrium was reached for the fluorocarbon 
in dogs (Fig. 2). Such a slow equilibrium may be explained by the slow 
uptake of the fluorocarbon by fatty tissues. Its high solubility in fatty . 
tissues of dogs was reported previously (18). The blood level data shown 
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Table I-Effects of Inhalation of Various Concentrations of t he  Fluorocarbon on Cardiovascular and  Respiratory Parameters  at the  
End of 5 min of Inhalation * 


Percent of Heart Hate, Respiratorv Rate, Svstolic Pressure. Diastolic Pressure, 
Fluorocarbon bea t sh in  hreathsjmin ’ mm Hg mm Hg 


Dog (v/v) C R C R C R C R 


I 2 
5 


10 
I1 2 


5 
7.5 


111 
10 
2 
5 
7.5 


144 162 10 14 134 108 77 63 
150 150 11 25 129 67 75 38 
150 ND I 1  ND 129 ND 77 ND 
210 200 14 16 168 132 1 00 84 
212 192 16 21 187 124 115 79 
216 192 15 20 180 91 109 65 
208 198 17 26 153 68 90 43 
174 180 i n  16 136 I19 1 ns 94 . .. ~~ .. 


I62 156 9 17 117 
I65 162 11 21 122 


..- 


89 
79 


. .. .~ 


92 69 
96 60 


ND = not determined. C = control, and H = response. 


in Fig. 2 are typical of all dog studies using multiple inhalation of various 
concentrations 01 the fluorocarbon in air or oxygen. 


Cardiovascular and Respiratory Effects following Fluorocarbon 
Inhalation-In this study, the time-course effects after the fluorocarbon 
inhalation on the increase of the respiratory rate and the decrease of the 
systolic and diastolic pressure were evaluated using various concentra- 
tions of the fluorocarbon in air or pure oxygen. In more than a dozen dogs, 
the same general response profiles were observed with either the fluo- 
rocarbon-air or the fluorocarbon-oxygen mixture. Since the data from 
the fluorocarbon--air study were thought to be more relevant, only the 
results from the more extensive study on three dogs with the air mixture 
will be presented. Typical results using 5% (v/v) fluorocarbon-95% air 
are plotted in Fig. 3. The magnitudes of the pharmacological effects were 
calculated after the correction of their respective control values. 


The intensities of all three pharmacological effects evaluated increased 
with time during inhalation, reached their peaks a t  the end of inhalation, 
and dropped quickly afterwards. Such a time course effect is similar to 
the blood level profile in Fig. 3. Furthermore, the same general pattern 
was observed during the lower and higher fluorocarbon level studies 
carried out prior to and after the 5% concentration study on the same day. 
These results are consistent with the notion that the sites of actions for 
these pharmacological effects are located in the plasma or central com- 
partment in a multicompartmental open model system (14,19). However, 
if the sites of these actions are located in the “peripheral” compartment, 
the maximum responses should occur some time after the end of inha- 
lation since the concentration in that compartment would continue to 
rise for a while after inhalation (14). This behavior was postulated for the 
therapeutic effect of digoxin (20) and theophylline (21). 


The  composite data showing the relation between the depression of 
the systolic pressure and the logarithm of the blood fluorocarbon con- 
centrations for Dogs 1-111 are shown in Fig. 4 .  Although the data were 
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Figure 3-Time course of blood levels and pharmacological responses 
for Dog I11 during and after inhalation of 5% (u/v) fluorocarbon in air. 
Kpy: 0 ,  arterial blood concentration; 0, hypotensive effect (systolic 
pressure, mm Hg); m, hypotensive effect (diastolic pressure, mm Hg); 
0 ,  respiratory rate (breaths per minute); and A, change in response 
from control. 


obtained from three dogs using various fluorocarbon concentrations for 
each dog study, the same general pattern of correlation prevails. This 
finding further substantiates the contention that the site of action is lo- 
cated in the blood or central compartment. 


A similar plot showing the relation between the depression of the di- 
astolic pressure and the logarithm of the blood fluorocarbon concentra- 
tions is shown in Fig. 5. In both Figs. 4 and 5, the plateau effect seen in 
the conventional logarithm dose or concentration versus response plot 
is absent. Higher blood concentrations in these and other dogs after in- 
halation of much greater strengths of the fluorocarbon all quickly resulted 
in their deaths. 


The numerical data for the effect on the respiration rate and blood 
pressure a t  the end of the 5-min inhalation of various strengths of the 
fluorocarbon in three dogs are summarized in Table I. These data rep- 
resent the maximum effect for each inhalation study. A larger dose- 
response variation usually was seen in the respiratory effect than in the 
blood pressure effect. For example, after the 5% fluorocarbon inhalation, 
the percent changes in respiratory rates were +127, +31, and +89% for 
the three dogs while their corresponding changes were -48, -34, and 
-24% for systolic pressure, respectively, and -49, -31, and -25% for 
diastolic pressure, respectively. 


During the time course study, the area under the curve for each res- 
piratory cycle was also calculated and compared with the control value. 
Following inhalation of the fluorocarbon, these values decreased from 
the control whereas after cessation of the fluorocarbon inhalation, these 
values returned to the preexposure levels. The observed decrease in the 
area under the curve, representative of the approximate tidal volume, 
may have been due to an increase in respiratory rate. The decrease in the 
systemic arterial blood pressure could have been due to the depression 
of the myocardial contractile force and/or the relaxant action of the 
fluorocarbon on the systemic vasculature (22). 


The increase in the respiratory rate during inhalation could have been 
due to the hypoxic drive caused by the lack of oxygen or to the stimulating 
effect of the fluorocarbon on the chemoreceptors. The possibility of an 
increase in the respiratory rate due to the lack of oxygen is untenable 
based on the fact that the studies performed on dogs inhaling various 
concentrations of the fluorocarbon mixture prepared in pure oxygen also 
showed a similar increase in the respiratory rate as the concentration of 
the fluorocarbon in the blood increased. 


The effect on the heart rate in all dogs was less consistent and pro- 
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Figure 4-Composite plot of the percent change in systolic pressure 
versus the logarithm of blood concentrations of trichloromonofluo- 
romethane in three dogs following inhalation of various strengths of the 
fluorocarbon in air. 


162 1 Journal of Pharmaceutical Sciences 
Vol. 68, No. 2, February 7979 







(4) C. T. Dollery, W. M. Faith, G. H. Draffan, G. Wise, H. Sahgoun, 
J. W. Peterson, and S. R. Walker, Clin. Pharmacol. Ther., 15, 59 
(1974). 


(5) G. Marier, H. MacFarland, G. S. Wilberg, H. Buchwald, and P. 
Dussault, Can. Med. Assoc. J. ,  11 1,39 (1974). 


(6) E. B. Thompson and W. S. Harris, Toxicol. Appl. Pharmacol., 
29,242 (1974). 


(7) W. L. Chiou, J. Am. Med. Assoc., 227,658 (1974). 
(8) Ibid., 229,1722 (1974). 
(9) D. B. Lund, Arch. Biochem. Biophys., 129,181 (1969). 


(10) P. J. Cox, L. J. King, and D. V. Parke, Biochem. J., 130, 87p 


( 1  1) H. C. Warmkier, 0. Fennema. and E. H. Marth, J.  Food Sci., 37, 


( 1 2 )  V. C. Fohz and R. Fuerst, Environ. Res., 7,275 (1974). 
(13) R. J. Cicerone, R. S. Stolarski, and S. Walters, Science, 185,1165 


(14) S .  Niazi and W. L. Chiou, J. Pharm. Sci., 64,763 (1975). 
(15) W. L. Chiou and S. Niazi, Res. Commun. Chem. Pathol. Phar- 


(16) J. Adir, D. A. Blake, and G. M. Mergner, J. Clin. Pharmacol., 15, 


(17) A. Azar, H. J. Trochimowicz, J. B. Terrill, and L. S. Mullin, Am. 


(18) K. Chang and W. L. Chiou, J. Pharm. Sci., 65,53 (1976). 
(19) M. Gibaldi and D. Perrier, “Pharmacokinetics,” Dekker, New 


(20) R. H. Reuning, R. A. Sams, and R. E. Notari, J. Clin. Pharmacol., 


(21) G. Levy and R. Koysook, J .  Pediatr., 86,789 (1975). 
(22) J. A. Simaan and D. M. Avaido, Toxicology, 5,127 (1975). 


(1 972). 


702 (1972). 


(1974). 


macol., 6,481 (1973). 


760 (1975). 


Hyg. Assoc. J., 34,102 (1973). 


York, N.Y., 1975. 


13,127 (1973). 


1 40 


BLOOD CONCENTRATION, pg/ml 


Figure 5-Composite plot of the percent change in diastolic pressure 
versus the logarithm of blood concentrations of trichloromonofluo- 
romethane in three dogs following inhalation of various strengths of the 
fluorocarbon in air. 


nounced. Most dogs showed biphasic responses, with an increase in the 
heart rate a t  lower doses and a decrease a t  higher doses (Table I). The 
effect on the heart rate in some dogs appeared to be instantaneous and 
reached a maximum within the 1st min during the inhalation in spite of 
the fact that the blood level continued to rise in the next few minutes. 


The mechanism for such an effect is probably very complex and could 
not be rationalized by the multicompartmental model proposed for this 
fluorocarbon in dogs (14). The apparent “instantaneous” effect on the 
heart rate and the direct correlation between the blood level and the effect 
on the blood pressure and respiration rate could shed some light on the 
fast action of the fluorocarbon aerosol propellants, which have caused 
sudden death of individuals shortly after or during inhalation of large 
quantities of these propellants (2). 
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Abstract 0 A model system was developed in which the dissolution 
behavior of a single crystal of potassium ferricyanide was studied a t  a 
liquid paraffin-water interface. Since the equilibrium position of a crystal 
a t  the interface is independent of its size, the lifetime of a crystal dis- 
solving a t  the interface is determined entirely by its initial size and its 
dissolution rate in the water phase. The dimensions of every crystal were 
measured microscopically before dissolution. A continuous-flow recording 
dissolution apparatus was used to measure spectrophotometrically the 
mass flow of dissolved potassium ferricyanide. The dissolution cell in this 
system was mounted in an optical bench. making it possible to follow 
dissolving crybtals t~isuallv by projertinp them on a screen. The results 


show that the lifetime of a crystal is proportional to the shortest length 
o f  the crystal face in contact with the liquid paraffin and is rather inde- 
pendent of its form. Furthermore, crystal shape changes during disso- 
lution, which is explained partly by the nonisometric dissolution of po- 
tassium ferricyanide crystal faces and partly by the nonconstancy of film 
thickness. 


Keyphrases Dissolution-potassium ferricyanide crystals a t  fluid- 
fluid interface o Potassium ferricyanide-dissolution of crystals a t  
fluid-fluid interface o Cryst.al dissolution-potassium ferricyanide a t  
fluid-fluid interface 


The lifetime of a solid particle dissolving in a liquid is 
governed by its rate of change in surface area. Assuming 
a constant hydrodynamic boundary layer, Hixson and 
Crowell (1) derived the cube root law for the dissolution 
of sodium chloride crystals: 


w$3 - wt13 = Kt (Eq. 1) 


where w o  is the weight of the particle a t  t = 0, wt is the 


weight of the particle at time t ,  and K is a dissolution rate 
constant also composed of density and a shape factor. 
Many deviations from the cube root law were found, but 
it was difficult to explain the results because of the ex- 
perimental design (in which often a number of particles 
were employed in a stirred system). In the experiments of 
Niebergall et al. (2) and Hixson and Crowell (31, the rate 
constant increased as dissolution proceeded. A linear re- 
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I I I I 


Abstract Acetazolamide concentration values derived from a non- 
linear model system were related to two pharmacological responses in 
the rabbit. Kidney response was measured by monitoring urine flow and 
sodium elimination. Ocular response was followed using an applanation 
tonometer. Maximum urine flow and sodium elimination occurring im- 
mediately after injection correlated with log dose. Urine flow dropped 
below control values along with a rise in osmolality, suggesting the in- 
volvement of antidiuretic hormone. Sodium elimination was correlated 
with plasma levels. Urine pH is thought to be involved in reducing ac- 
cessibility of drug to carbonic anhydrase in the kidney. Maximum ocular 
response also was correlated with log dose. Ocular response was related 
to a protein fraction, which is believed to be mainly carbonic anhydrase. 
However, the duration of ocular response was related to the red blood 
cell protein fraction. Thus, drug activity could conceivably be regulated 
by monitoring a tissue that is not the site of action and can be sampled 
readily. 


Keyphrases Acetazolamide-relationship of pharmacokinetics to 
pharmacological response, kidney and ocular responses Pharmacoki- 
netics-acetazolamide, relationship to two pharmacological responses 


Carbonic anhydrase inhibitors-acetazolamide, relationship of 
pharmacokinetics to pharmacological responses 


Although pharmacokinetic research has been mainly 
concerned with the time course of a drug and its metabo- 
lites in a biological system, the relationship of pharmaco- 
kinetics to pharmacological response is now being em- 
phasized. An earlier report (1) described the pharmaco- 
kinetics of acetazolamide using a nonlinear model system. 
This model proposed a single compartment of distribution 
containing two drug-binding tissues, TI and T2, where Tz 
represents binding to red blood cells and 7'1 represents 
binding to other tissues. Binding in the tissues is believed 
to consist of attachment to carbonic anhydrase (2 ,3)  fol- 
lowing the general concepts of enzyme inhibition. Such a 
model, incorporating the known mechanism of action of 
acetazolamide, was thought to offer the most promise for 
correlation of drug distribution with physiological ef- 
fect. 


The purpose of this study was to determine whether the 
drug distribution proposed by the model can be related to 
the measured physiological response of acetazolamide. The 
drug elicits two major types of response involving well- 
separated organs, the kidney and the eye, via carbonic 
anhydrase inhibition. 


EXPERIMENTAL 


At the same time that samples were being collected for plasma, red 
blood cell, and urine drug level measurements as described previously 
(l) ,  physiological response was being measured. Additional animals were 
given acetazolamide, and only physiological response was measured. The 
New Zealand White rabbit was the experimental animal, and the drug 
was injected intravenously a t  several levels. 


To evaluate the effect of the drug on renal function, urine samples were 
examined for flow rate, osmolality, and sodium elimination. Following 
catheterization of the bladder, urine was collected at 5-15-min intervals 
a t  first and then at 1,hr intervals and flow rates were calculated. Osmo- 
lality was measured directly with an electronic freezing-point osmome- 


ter'. Sodium content in urine was measured with a specific ion electrode2. 
This procedure consisted of diluting 1 ml of urine to 100 ml, adding 2 ml 
of ionic strength adjuster solution (25% ammonium chloride and 4% 
ammonium hydroxide), mixing, and reading with the sodium electrode. 
The reading was referred to a curve prepared by reading a series of sodium 
chloride standards ranging from 10-I to 


To evaluate the effect of the drug on ocular function, intraocular 
pressure readings were taken a t  frequent intervals throughout the ex- 
periment using a recording applanation tonometera. Only readings that 
reflected accurate measurement of intraocular pressure as judged by the 
shape of the applanation curve were accepted. In most cases, the average 
of three readings was made. A drop of procaine solution was given a t  the 
beginning of the experiment and, if needed, during the experiment. 


For 1-2 hr before injection, measurements of urine flow and intraocular 
pressure were made to assure relatively constant control values. Two 
rabbits did not respond to acetazolamide and were not used. 


M. 


RESULTS AND DISCUSSION 


Kidney Response-Urine flow rate response was calculated as the 
flow rate, in milliliters per minute, minus the control rate. The urine 
excretion rate increased dramatically immediately after injection (Fig. 
1). This increase was followed by a sharp drop to levels below control 


0 


Figure 2-Urine osmolality following a bolus injection 01 acetazola- 
mide. 


DigiMatic, Advanced Instruments, Needham Heights, Mass. 


Applanation pneumatonograph, Alcon Laboratories, Fort Worth, Tex. 


*Orion 94-l lA sodium-ion electrode and 90-01-00 reference electrode, Orion 
Research, Cambridge, Mass. 
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Figure 3-Initial urine flow response versus log dose. 
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values. These subnormal rates were usually maintained for the duration 
of the experiment. 


Urine osmolality increased immediately after drug administration, 
probably due to the increased sodium and bicarbonate elimination. 
However, a dramatic rise in osmolality occurred a short time afterward 
(Fig. 2). High osmolality was maintained for several hours but usually 
returned to normal during the experimental period. This dramatic in- 
crease in osmolality was not correlated with sodium elimination and thus 
appeared to be due entirely to increased water resorption and concen- 
tration of the urine. This effect would most likely result from release of 
antidiuretic hormone (ADH). 


Thus, the drug effect on urine flow seems to be confounded by com- 
pensatory mechanisms, and attempts at correlation of flow to acetazo- 
lamide concentrations in body compartments are not justified. The earlier 
responses (points 1 and 2) show a sharp decrease following drug admin- 
istration and appear to reflect minimum compensatory activity (Fig. 2). 
This response suggests that urine flow increase is correlated with plasma 
Concentration and not with red cell or general tissue levels since the latter 
decreased quite slowly. Initial flow increases did show the common log 
dose relationship (Fig. 3). 


Sodium response was calculated as the sodium elimination rate, in 
microequivalents per minute, minus the control rate. Sodium elimination 
increased sharply following the bolus injection of acetazolamide (Fig. 4). 
Maximum sodium elimination occurred within 20 min of injection in 
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Figure 5-Plasma concentration ( 0 )  and sodium response (A) fol- 
lowing a bolus injection of acetazolamide. 
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PLASMA CONCENTRATION, pg/ml 
Figure 6-Sodium response versus plasma concentration following a 
bolus injection of acetazolamide. The points are the observed response. 
The fitted curve was obtained from the equation: sodium response = 
5.98(C)/(5.60 + C). 


DOSE, mg/kg 
Figure 7-Maximum sodium response versus log dose. 


virtually all experiments. A sharp fall followed, with the level dropping 
to less than 10% of maximum and remaining a t  approximately this level 
for the duration of the experiment. Since the effect of acetazolamide 
depends on its blocking carbonic anhydrase in the kidney, one might 
expect this drug action to he related to tissue concentration; but tissue 
concentrations peak immediately after injection and decrease quite slowly 
( l ) ,  obviously not correlating with kidney response. However, a definite 
relationship between sodium response and plasma level was seen (Fig. 
5).  


When response is plotted versus plasma concentration, a Langmuir- 
type curve results (Fig. 6); the response appears to be a linear function 
of plasma level at low concentrations, to be nonlinear in the intermediate 
range, and to approach a maximum response a t  high levels. Eight data 
sets could be plotted in this manner. Other sets were not suitable since 
sodium excretion dropped helow control levels a t  later points. Of the 
eight, seven yielded Lanpuir- type curves; the eighth, involving a small 
dose of 4 mg/kg, was linear throughout. This result was thought to be due 
to not having achieved high enough plasma levels to demonstrate non- 
linearity. A linear relationship was seen between log dose and sodium 
elimination (Fig. 7). 


Closer consideration of the environment in which kidney carbonic 
anhydrase operates reveals some interesting concepts. Although carbonic 
anhydrase appears in both the proximal and distal renal tubules, reah- 


INJECTION 


MINUTES 
Figure 8-Intraocular pressure readings before and after acetazolamide 
injection. 
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Figure 9-Maximum outflow pressure response as a function of log 
dose. 


sorption of sodium uia the action of carbonic anhydrase occurs primarily 
in the luminal membrane of the tubule cell (4). The unique location of 
enzyme adjacent to a fluid prone to considerable variations in pH may 
expose these cells to substantial variations in drug transfer not encoun- 
tered in other regions. Control readings of urine pH in the animals studied 
ranged from 6.16 to 8.86 with an average value of 7.89. At this pH, 
acetazolamide, with a pKa of 7.4, would be 24% undissociated. Within 
30 min after dosing, urine pH rose to 7.76-8.82 with an average of 8.24, 
a t  which pH the drug would be 13% undissociated. 


If i t  is assumed that only the undissociated form of the drug may diffuse 
across the cell wall, the effective drug concentration within the region 
of the enzyme may be greatly reduced by the change in urine pH. The 
effective drug concentration drops to about one-fourth. Thus, the action 
of the drug to increase the pH of the tubular fluid probably increases i ts  
own removal from the site of action, hence decreasing its duration of 
activity. These assumptions also suggest that the dynamics of drug ac- 
tivity in the kidney will differ from those in other regions. 


Ocular Response-Shortly after an intravenous dose of acetazola- 
mide, the intraocular pressure began to drop. I t  reached a minimum in 
15-20 min, cycled up to nearly normal and back down to the minimum, 
and eventually returned to normal where it remained. The wave-like 
variation in intraocular pressure, which was more pronounced during drug 
activity, may reflect a muscular resistance to outflow of intraocular 
fluid. 


The variation in pressure (Fig. 8) makes assignment of a single value 
to drug response difficult. I t  was decided to characterize effect as the 
average drop, U l P , ,  where AP is the change in outflow pressure and P, 
is the normal outflow pressure. Outflow pressure was taken in the usual 
manner'as the intraocular pressure minus 9 mm Hg (5-7). As well as can 
be determined by experimental measurement, each dose of acetazolamide 
gave an  early minimum pressure (maximum response), which did not 
change significantly until it returned to normal. 


Obviously, the ocular response shows no correlation with plasma level. 
Data from all animals studied, however, indicated that the ocular re- 
sponse terminates before the tissue-bound concentration, Ti, approaches 
99% of maximum. This finding agrees with the theoretical concept that  
more than 99% of the carbonic anhydrase in the ciliary body must be 
inhibited for physiological response to occur. When the enzyme of the 
ciliary body is considered to be a part of a large mass of tissue called 7'1, 
a drop to 99% of the maximum bound value would be expected to result 
in loss of activity. Thus, the pharmacokinetic model apparently does 
predict the effective drug concentration, 7'1, with reasonable accuracy 
whereas a predicted plasma level, except for the peak concentration, 
would be of no use in assessing drug effect. 


Correlation of the results of this study with those of the kinetic report 
(1) indicated that the acetazolamide is rapidly taken up by the binding 
tissue, TI, at which time maximum intraocular pressure response occurs. 
Beyond this point, the tissue concentration is practically independent 
of plasma level, being primarily dependent upon drug-tissue dissocia- 
tion. 


The magnitude of intraocular response was a function of TI and cor- 
related with log dose (Fig. 9). However, no correlation was found between 
the duration of response and dose (Fig. 10). This finding suggests that  
duration of activity is dependent on the dissociation rate of the drug from 
its tissue attachment. Response terminated when the red cell concen- 
tration fell to 6-9 rglml. In four animals, intraocular pressure did not 
return to normal during the experiment; in three of these animals, the 
red cell drug level did not fall below 6 pg/ml. 


I t  has been reported that metabolic and respiratory acidosis lowers 
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Figure 10-Duration of intraocular pressure response as a function 
of log dose. 


intraocular pressure (8,9). Therefore, acetazolamide might offset, to some 
degree, intraocular pressure via action on erythrocyte enzymes in this 
manner. This concept suggests that  red cell drug concentrations may be 
used as a means of selecting intervals for drug administration. 


The common concepts of maximum drug action uia enzyme inhibition 
are that the enzyme is present in limited quantity and that the drug is 
given in quantities sufficient to saturate all enzyme. Thus, a maximum 
effect is obtained and then decreases as drug slowly dissociates from the 
enzyme-drug complex. In this case, the enzyme is present throughout 
the body, and the amount of drug is not sufficient to saturate all enzyme. 
Yet, the enzyme in a given organ, such as the eye, may be nearly saturated, 
causing a drug response. Moreover, because of the large amount of enzyme 
present in the body, a substantially larger dose would be distributed to 
a variety of organs and the eye would only receive a small fraction of the 
additional drug, thus giving a higher response but not yet its maximum 
response. This concept explains how each dose above 1 mglkg gave an 
ocular response, yet a maximum response was not elicited a t  20 mg/kg. 
From literature reports (3, lo), 10-20 mg/kg is expected to be near the 
level yielding maximum effect. 


The results of this study and the previous report (1) demonstrate the 
need to use an unusual model system to describe the kinetics of a drug 
in a manner suitable for correlation with pharmacological response. Since 
acetazolamide acts by enzyme inhibition, it is representative of a rather 
large class of therapeutic agents, so a much wider application of this tis- 
sue-binding model is anticipated. Advantages of this model are that it 
takes into account the mechanism of drug action and simultaneously 
describes the concentrations in different tissues. Ultimately, as the 
technique is refined, one of these tissues may be the site of action. 
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Abstract 0 The low ocular bioavailability of topically applied pilocarpine 
is attributed to extensive precorneal drug loss in conjunction with the 
resistance to corneal penetration. Several elements of precorneal loss were 
reported earlier, but a complete mechanistic understanding has not been 
available. The present study was designed to gain a better understanding 
of the mechanisms governing pilocarpine disposition in the precorneal 
areas as well as the relative influence of these parameters on ocular drug 
bioavailability. Radioactive pilocarpine and glycerin solutions were in- 
stilled into the precorneal area of the albino rabbit eye under various 
experimental conditions, and the drug concentration in the lacrimal lake 
was monitored as a function of time. The results demonstrated that 
nonconjunctival loss of pilocarpine, vasodilation due to the drug, and 
lacrimation due to vehicle formulation are additional aspects of precor- 
neal drug disposition. The individual influence of all precorneal loss 
parameters on drug bioavailability was then assessed using a mathe- 
matical model formulated from experimental findings on both precorneal 
and intraocular drug disposition. Drainage and vasodilation, as well as 
nonconjunctival pilocarpine loss, exerted major influences on drug loss 
at the absorption site. 


Keyphrases 0 Pilocarpine-precorneal disposition, mechanistic and 
quantitative evaluation 0 Precorneal area-pilocarpine disposition, 
mechanistic and quantitative evaluation o Distribution, ocular-pilo- 
carpine, mechanistic and quantitative evaluation 0 Dosage forms, top- 
ical-pilocarpine, precorneal disposition, mechanistic and quantitative 
evaluation 0 Cholinergics, ophthalmic-pilocarpine, precorneal dispo- 
sition, mechanistic and quantitative evaluation 


The mechanisms by which a topically applied dose of 
drug disappears from the precorneal area of the eye are 
important from the standpoint of improving ocular drug 
delivery systems. Pilocarpine, an important agent in 
glaucoma management, was selected as the probe drug for 
investigating this aspect of drug action. 


Previous studies with pilocarpine established that so- 
lution drainage (1, 2), drug protein binding (3-5), tear 
turnover (1,6),  and conjunctival absorption (7) compete 
with corneal absorption for the drug from the precorneal 
area. Only 1-2% or less of an instilled pilocarpine dose 
gains access to the internal eye structures (8, 9). While 


drainage removes a substantial portion of a dose within 
minutes of instillation, this parameter alone cannot explain 
the low pilocarpine bioavailability, nor can a combination 
of the other parameters. 


In a similar manner, the large first-order rate constant, 
-0.6 min-', associated with the decline of the pilocarpine 
concentration in the tear film] for the critical first 5 min 
postinstillation is inconsistent with the values reported for 
the rate constants governing corneal absorption, tear 
turnover, and conjunctival absorption. Even though 
drainage has an associated rate constant whose value is 
-0.5 min-l, it cannot be responsible for the large rate 
constant associated with precorneal drug loss because 
drainage is not expected to influence directly tear film drug 
concentration. In essence, this description for precorneal 
pilocarpine disposition implies that some as yet uniden- 
tified factors, with sizable rate constants, are present. 


The purpose of the present study was to gain a better 
understanding of the mechanisms governing pilocarpine 
disposition in the precorneal area as well as of the relative 
influence of these parameters on ocular drug bioavail- 
ability. 


MODEL 


The evolution of mathematical models to describe pilocarpine dispo- 
sition in the eye reflects the state of knowledge concerning the mecha- 
nisms governing its precorneal and intraocular disposition. Scheme I is 
an example of a commonly used model to describe the fate of pilocarpine 


precorneal area - aqueous  humor  - elimination 


Scheme 1 


The term tear film or pool is used interchangeably with lacrimal lake I t  isan- 
sumed that instilled drugs are uniformly mixed wlth tear fluid. 
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precorneal area --t cornea - aqueous h u m o r  la reservoir 


1 EYe' 
elimination 


Scheme I1 


following topical instillation. Two deficiencies of such a model are that 
it considers the cornea as a single membrane with no apparent role in the 
disposition process and that it lumps all precorneal drug disposition 
constants into one large rate constant. 


A more recent model (10) (Scheme 11) corrects for the first deficiency 
by including the cornea as a component. However, it does not distinguish 
the specific roles exercised by the corneal epithelium and corneal stroma 
in the movement of pilocarpine through the cornea (11). 


Both models suffer from the additional drawback of not considering 
the effects of instilled drop size explicitly. This important precorneal 
factor forms a component of a recently proposed model (12) which, for 
simplicity, treats the cornea as a single membrane, as in Scheme I. In 
summary, all of these models are incomplete descriptions of the fate of 
pilocarpine in the precorneal area and in the various ocular tissues. 


The present study began with construction of a model that was cog- 
nizant of the deficiencies mentioned (Scheme 111). The model partitions 
the precorneal loss rate constant into its component parts for a mecha- 
nistic understanding of the processes involved. In addition, it incorporates 
the findings of Sieg and Robinson (11) on pilocarpine disposition: (a) the 
corneal epithelium serves as both a barrier and a depot, and ( b )  the cor- 
neal stroma and endothelium are kinetically indistinguishable from the 
aqueous humor. Table 1 details the model parameters. The major as- 
sumptions introduced while constructing the model were: 


1. Instantaneous and complete mixing of instilled drug solution and 
tears occurs. 


2. Pilocarpine metabolism in the tear fluid is negligible. 
3. The tissues comprising the compartments are homogeneous. 
4. The iris, ciliary body, lens, and vitreous humor constitute the res- 


ervoir. 
Moreover, the present model will not explicitly consider either pilo- 


carpine protein binding in tear fluid or ocular tissues or the resistance 
offered by diffusional boundary layers to membrane drug transport. 


Proceeding from these assumptions, appropriate differential equations 
can be written to account for the rate of change in the mass of drug in the 
compartments shown i n  Scheme 111. The volume element of disposition 
kinetics in the precorneal area is treated in a manner akin to that de- 
scribed previously (12), which is based on the concept of mass balance 
in open systems advanced earlier (13). Drug transfer, on the other hand, 
is considered to be a series of simple diffusion steps taking place simul- 
taneously and in succession, with each step governed by Fick's first law 
of diffusion, in much the same manner as Teorell (14) derived formulas 
to describe the amount of drug in the body as a function of time. Ac- 
cordingly, the amount of drug transferred per unit time, M, can be written 
(15): 


M = k,S AC 0%. 1) 


where k,  is the permeability coefficient in centimeters per second, S is 
the effective surface area in square centimeters, and AC is the concen- 
tration difference in grams per cubic centimeters. Since k, and S have 
not been determined, they are treated in the present model as a single 
coefficient denoted as p and given by p = k,S with units of cubic centi- 
meters per second. 


Equation 2 describes the rate of change in amount of pilocarpine in 
the precorneal area: 


t Pn 


Table I-Parameters of the  Model Described in Scheme I11 
Param- 


eter Coefficient Associated With" 


PP Transfer of pilocarpine between precorneal 


Nonproductive loss f: Drainage 
Q T ( ~ )  Tear flow 
Pa Transfer of pilocarpine between epithelium and 


corneal stroma-endothelium-aqueous cham her 
P m  Drug loss oia metabolism in or lateral diffusion 


from epithelium 
Pa0 Drug elimination from aqueous humor 
P r  Transfer of pilocarpine between corneal stroma- 


endothelium-aqueous chamber and reservoir 
D,O Pilocarpine elimination from reservoir 


area and corneal epithelium 


With the exception of k d .  the coefficients have dimensions of microliters per 
minute. See text for details. 


where [ A ]  denotes the drug concentration in the precorneal area (or tear 
chamber), [ B ]  is the drug concentration in the corneal epithelium, V A  ( t )  
is the volume of fluid in the tear chamber at  a given time, Vo is the normal 
resident tear volume, and all other symbols are as previously described. 
Sink conditions are assumed to be maintained in the blood supplying the 
conjunctiva and related structures. 


Thus, from Eq. 2, the change in amount of pilocarpine in the precorneal 
area is due to corneal absorption, solution drainage, tear flow, and non- 
productive loss. As will be evident in the Discussion section, nonpro- 
ductive loss is composed of conjunctival absorption, nonconjunctival loss, 
and the influence of pilocarpine vasodilation on several of these processes. 
Likewise, tear flow is composed of normal tear turnover and induced 
lacrimation. 


Induced lacrimation is interpreted here as increased tear flow rate; 
consequently, it will not change the resident precorneal volume appre- 
ciably since a corresponding volume will leave the area. This appears to 
be the case, as there was no visually apparent fluid accumulation in the 
precorneal area following dosing. In essence, this treatment views induced 
lacrimation and instilled volume-dependent drainage as noninteracting 
entities. This simplification is justifiable based on an earlier study ( 1 )  
in which the influence of pH on lacrimation could be estimated. The 
technetium sulfur colloid preparation pH was not reported in that study 
but was -6.5, which was close to the pH of most pilocarpine solutions 
employed in the present study. Therefore, in terms of a change in pre- 
corneal fluid volume, the kd values thus determined account not only for 
the contribution of instilled volume but also for that o f  induced lacri- 
mation, Interestingly, the kd value determined (1) for an instilled volume 
of 25 p1 is consistent with that determined recently (16) by microscin- 
tigraphy for a pH 6.24 sodium pertechnetate solution. Combining this 
observation with the vehicle-induced lacrimation demonstrated in the 
present study suggests that Eq. 3 is appropriate for describing the rate 
of change in precorneal fluid volume: 


(Eq. 3 )  


Upon integration, Eq. 3 yields: 
v ~ ( t )  = v o  + v, eXp(-kdt) (Eq. 4) 


where V, is the instilled volume. Equation 3 can be comhined with Eq. 
2: 


In Eq. 5, Qj-(t), like V , ( t ) ,  is a time-dependent quantity, as shown in the 
empirical expression: 


~ ~ ~ ~ ~ y / P - ~ ]  aqueous chamber 


Qdt) P o 0  P r o  


Scheme Ill 
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Table 11-Apparent Rate Constants for  Routes of Precorneal 
Lose Established for  Pilocarpine pr ior  to the Present Study 


Associated 
Loss Route Rate Constant Reference 


~ 


Corneal absorption 0.004 min-' 1 0 , l l  
Drainage, 25 pl 0.54 min-' 1 
Tear flow 0.66 pllmin 1 
Nonproductive loss" 0.0217 min-' 7 


This reported value was attributed to conjunctival absorption. 


which is analogous in form to Eq. 3. Upon integration, Eq. 6 yields: 


Q d t )  = BO + Q; exp(-klt) (Eq. 7)  


According to this equation, the tear flow rate immediately following 
dosing (i.e., t = 0) is the sum of the normal tear flow rate, 80, and that 
due to the instillation of a dose, Q,. Eventually, the contribution of in- 
duced lacrimation to tear flow disappears, and the rate at which this oc- 
curs is governed by the rate constant kr. 


The essential feature of Eq. 5 concerns the dimension of the quan- 
tity: 


which is that of a first-order rate constant. Nevertheless, it should not 
be considered as a constant since V,( t )  and Q&) are functions of time. 
Thus, the quantity derived from the slope of a semilogarithmic plot of 
tear film drug concentration uersus time is time averaged. The implica- 
tion is that to convert the experimental first-order rate constant to the 
parameters pp and pn. knowledge of a time-averaged volume is needed. 
Of course, if a nonsampling technique that continuously monitors tear 
film drug concentration is available, d(Aj/dt will be known accurately 
as a function of time and a time-averaged volume is not needed. In this 
report, the first approach will be adopted, but V A ( ~ )  cannot be construed 
as a constant in subsequent computer simulations. The procedure for 
finding the time-averaged volume will be presented under Discussion. 


For the case in which: 


and kl  = kd, Eq. 5 can be combined with Eqs. 4 and 7 to give an expression 
which, upon integration, yields a final expression describing the time 
dependence of drug concentration in the precorneal area following topical 
instillation: 


where [AI I  is the instilled drug concentration, V, is the instilled volume, 
and: 


,, - P  + ~ n  + Q o  k - P  .. 
y o  


VA(0) = v, + VO 


Several features of Eq. 8 are of interest. First, the parameters governing 
nonproductive loss, pn, and pilocarpine transfer between the precorneal 
area and the corneal epithelium, pp, contribute, along with the parameter 
governing normal tear flow, Qo, to the exponent 6 .  This result will not 
be obtained when one neglects the effect of volume on apparent first- 
order rate constants (17), in which case only Qo contributes. Second, the 
initial dilution of an instilled dose is accounted for by the term VI /VA(0 ) .  
Third, the equation accounts for the peculiar influence of drainage on 
drug concentration decline, which is one of deceleration. The key to the 
preceding statement lies in the terms [ v ~ ( O ) l V , ( t ) ] *  and exp(-k"t) in 
Eq. 8. Whereas the term exp(-k"t) decreases continuously with time, 
the term [VA(O)/VA(t)]*  increases with time [until VA(t )  = normal res- 
ident tear volume], thereby counteracting the diminishing effect of the 
former. Fourth, the term [ V A ( O ) / V A ( ~ ) ] ~  yields the expected curvature 
observed in a semilogarithmic plot of tear film drug concentration uersus 
time. 


Equation 8 will be employed, as shown in the Appendix, to establish 
an expression relating the coefficient p and the apparent first-order rate 
constant k, for a given parameter associated with the decline of the pi- 
locarpine concentration in the precorneal area. Whether it is a good ap- 
proximate equation to use depends largely on the relative magnitude of 


b and k"; the approximation improves as b exceeds k" by a factor of a t  
least 5. For the range of parameter values encountered in this study, the 
error due to the approximation does not exceed 7%, a tolerable error for 
these purposes*. 


Finally, mass balance equations similar to Eq. 5 can be written for the 
other compartments in Scheme 111. They are: 


UL 


(Eq. 11) 


In Eqs. 9-11, A represents the precorneal area, B represents the corneal 
epithelium, C is the corneal stroma+ndothelium-aqueous chamber, and 
D is the reservoir; the V's refer to the volumes of the compartments in- 
dicated by the subscripb. Analytical expressions that might be obtained 
from these equations are too complicated to have practical value. For- 
tunately, much can be learned about the behavior of pilocarpine in the 
eye by solving the system of first-order linear differential equations, i.e., 
Eqs. 3,5,6, and 9-11, using numerical methods. This approach was used 
in the simulation studies. 


Simulation studies with the precorneal drug loss parameter values 
listed in Table I1 failed to duplicate tear film drug loss, suggesting the 
need for additional loss routes to complete the profile. Establishing these 
loss routes and quantifying the influence of all precorneal factors on oc- 
ular drug bioavailability are the purposes of this report. 


EXPERIMENTAL 


Materials-Tritiated pilocarpine alkaloid (specific activity of 4.2 
Ci/mmole) in ethanol was obtained commercially3 and purified by vac- 
uum evaporation immediately prior to each run, as previously described 
(8). [14C]-Clycero13 sterile aqueous solution (specific activity of 96.0 
pCi/mg) was used as received. All other chemicals were either reagent 
or analytical grade and were used as received. 


Male albino rabbits4, 1.8-2.4 kg, were used throughout the studies. 
They were fed a regular diet with no restrictions on food or water con- 
sumed. Lighting and auditory stimuli were maintained on a 24-hr basis 
in the caging facility. 


Solution P r e p a r a t i o n 4 . 0 1  M Pilocarpine Alkaloid Solution-A 
0.01 M pilocarpine alkaloid solution, prepared in Sorensen phosphate 
buffer a t  the appropriate pH (6.24 or 7.38). was added to the labeled 
material prior to each experiment. Solutions were made isoosmotic with 
tears using sodium chloride. Each microliter of the resulting solution had 
an activity of -75,000 cpm. 


0.14 M Glycerin Solution-An aqueous aliquot of the isotopic species 
was added, prior to each experiment, to a 0.14 M glycerin solution pre- 
pared in pH 6.24 Sorensen phosphate buffer. The resulting solution was 
isoosmotic with tear fluid, and each microliter of solution had an activity 
of -10,000 cpm. 


0.14 M Glycerin Sofution Containing 0.01 M Pilocarpine Alka- 
loid-Equal portions of a 0.28 M glycerin solution and a 0.02 M pilo- 
carpine alkaloid solution, both in pH 6.24 Sorensen phosphate buffer, 
were mixed immediately prior to each experiment. An aqueous aliquot 
of [14C]-glycerin was added to the mixture, and the resulting solution was 
made isoosmotic with tears using sodium chloride. Each microliter of the 
final solution had an activity of -10,000 cpm. 


The small amount of labeled substances added to these three solutions 
did not appreciably alter the molarity of the final solutions. The final 
counts per minute for each solution was selected to achieve optimal 
counting efficiency. 


0.15'; Epinephrine Bitartrate and  0.25:; Histamine Dihydrochloride 
Solutions-A 0.1% epinephrine bitartrate solution was prepared by di- 
luting a commercial solution5 with isoosmotic pH 7.38 Sorensen phos- 
phate buffer. A 0.25% histamine dihydrochloride solution was prepared 
by dissolving the salt6 with the same buffer. T o  minimize any direct ir- 
ritating effect from these solutions on precorneal pilocarpine disposition, 
pilocarpine solutions were not instilled onto the eyes of experimental 


* Unpublished calculations. 
New England Nuclear, Boston, Mass. 
Klubertanz. Edgerton. Wis. 
Epitrate (2%). Ayerst Laboratories, New York, N.Y. 
Sigma Chemical Co., St. Louis, Mo. 
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animals until 15 min had elapsed following application of the histamine 
or epinephrine solutions. 


Epinephrine bitartrate was employed for its vasoconstrictive effect 
on blotd vessels perfusing the nictitating membrane and the conjunctiva, 
whereas histamine dihydrochloride was employed for its vaeodilating 
effect. The concentration of each agent was selected based on conven- 
tional usage and appeared, by visual inspection, t~ exert the desired effect 
over the experiments. 


Anesthesia-When necessary, anesthesia was induced and maintained 
by phenobarbital sodium (50 mg/ml iv) administered uia the marginal 
ear vein. The rabbits were anesthetized -15 min prior to instillation of 
the pilocarpine solution. 


Tear Film Pilocarpine Conccntration-Time Profile-Disap- 
pearance of pilocarpine from the tear film was monitored under the fol- 
lowing experimental conditions: ( a )  normal unanesthetized rabbits, ( b )  
normal anesthetized rabbits, (c) unanesthetized rabbits whose ocular 
surfaces were treated with 25 pl of a 0.1% epinephrine bitartrate solution 
15 min prior to instillation of the pilocarpine solution, ( d )  anesthetized 
rabbits whose ocular surfaces were treated as in (c), ( e )  unanesthetized 
rabbits whose ocular surfaces were dosed with 25 pl of a 0.01 M nonra- 
dioactive pilocarpine solution 15 min prior to instillation of the dosing 
solution, ( f )  unanesthetized rabbits whose ocular surfaces were dosed 
with 25 pI of a 0.25% histamine dihydrochloride solution 15 min prior to 
instillation of the pilocarpine solution, and ( h )  unanesthetized rabbits 
receiving 25-~1  doses of a 0.01 M pilocarpine solution a t  pH 7.38. 


During the experiments, all test animals were kept in restraining boxes 
in a normal upright posture. Both eyes of the rabbit were employed. Pi- 
locarpine solution, 25 pl, was instilled directly onto the cornea of the test 
animal, collecting in the cul-de-sac. During instillation, the upper lid was 
slightly raised and the lower lid was pulled slightly away from the globe. 
The lids were immediately returned to their normal position after in- 
stillation. 


One-microliter tear samples were removed at  0.25,1,2,3,4,  and 5 min 
postinstillation using 1 -pl disposable glass capillary pipets7. The earliest 
sample was taken 15 sec after instillation to allow for mixing of the in- 
stilled solution with the tear fluid. During the early time period following 
drug instillation, sample removal has a small influence on the overall rate 
constant governing the decline in pilocarpine concentration since the 
precorneal tear volume is substantial and the number of samples taken 
is small. Moreover, removal of a small volume of fluid from the tear 
film-drug pool has only an indirect influence on drug concentration in 
subsequent samples. 


During sampling, extreme care was exercised to avoid eye irritation. 
Thus, the capillary pipet tip was placed into the tear pool in contact with 
the cornea along the lower lid margin without touching any eye tissue. 
For consistency, all samples were withdrawn from the center of the 
marginal tear strip. On those rare occasions when the entire pipet was 
not filled with tear fluid, the volume of sample withdrawn was estimated 
from the depth to which the capillary pipet was filled. Pipets containing 
tear samples were transferred to vials8 containing 5 ml of prerefrigerated 
scintillation cocktail9 and counted in a liquid scintillation spectrotnetdo 
after 24 hr of' storage in the dark. The presence of glass capillaries in the 
scintillation cocktail did not alter the counting efficiency or affect the 
results in any way, in agreement with earlier findings (18). 


After suitable corrections, the data in number of counts per minute 
per microliter of tear fluid were plotted semilogarithmically as a function 
of' time and suhjected to linear regression analysis. First-order rate con- 
stants were obtained lor the decline of  the pilocarpine concentration in 
the precorneal area of  each rathit. 


Tear Film Glycerin Concentration-Time Profile-Only anes- 
thetized rabbits were employed in this portion of'the study. The dosing 
solutions were: ( a )  glycerin solution containing no pilocarpine and ( b )  
glycerin solution with 0.01 M pilocarpine. Positioning of the test animals, 
dosing and sampling procedures, and data analysis were as described in 
the preceding sections. 


Influence of Instilled Dose Volume on Pilocarpine Disappearance 
from Tear Film-Ten microliters of a 0.01 M pilocarpine alkaloid so- 
lution was instilled onto the cornea of anesthetized rabbits as described. 
Sampling procedure and data analysis were as described. 


Computer Simulation Studies-The computer program to simulate 
pilocarpine disposition in the albino rabbit eye consists of two major 
subroutines, DEHIVS and INTGRT. The system of differential equations 


Curtis Mathesun Scientific. Houston, Tex. 
Mini L'ial. Research Products Internatiunal Carp., Elk Grove Village, Ill. 
Aquasol, New Kngland Nurlear. Routon, Mass. 


l o  Model 20W, Packard Instrument Corp., Downers Grove, 111. 


Table 111-Compilation of First-Order Rate Constants 
Governing Initial Decline in D r u g  (Pilocarpine and  Glycerin) 
Concentration under  Various Experimental  Conditions 


Experimental Condition k,, min-' 


Pilocarpine (pH 6.24,25-pl dose) 


Pretreated with epinephrine 
Pretreated with pilocarpine 
Pretreated with histamine 


Pretreated with epine hrine 
Pilocarpine (pH 6.24, l0-pf)dose) 


Pilocarpine (pH 7.38,25-@1 dose) 


Glycerin (pH 6.24,25-p1 dose) 


Unanesthetized 


Anesthetized 


Anesthetized 0.46 (0.009) [7] 


Unanesthetized 0.43 (0.042) [6] 


Anesthetized 0.13 (0.014) 8 


0.072 (0.012) [6] 


Dosing solution incorporated with 0.39 (0.043) 151 
pilocarpine 


Number in parentheses represents standard error of the mean. b Number in 
brackets represents number of determinations. 


is presented in the subroutine DERIVS, which is introduced into the main 
program uia the differential equation routine DEPCI'. DEPC employs 
the predictor-corrector method outlined previously (19) to solve nu- 
merically initial value problems of ordinary first-order differential 
equations. 


The subroutine INTGRT performs integration by Simpson's rule on 
the results produced by the differential equation routine. In addition to 
simulating single-dose situations, the program is capable of treating: ( a )  
multiple-dose problems with variable dose size and volume given at in- 
tervals that need not be equal and ( b )  situations where the dose is re- 
moved before absorption is complete. 


All computer calculations were performed on a digital computer12, and 
the specific simulations carried out are indicated under Results and 
Discussion. 


RESULTS 


Disposition of Pilocarpine and Glycerin in  Precorneal Area- 
With the possible exception of histamine dihydrochloride, the compounds 
instilled into the cul-de-sac of the rabbits a t  the concentrations employed 
do not damage the corneal epithelium (20,21). Consequently, alteration 
in apparent rate constants could not be due to enhanced absorption of 
pilocarpine as a result of corneal damage from these compounds. 


In fitting the data to first-order decline by linear regression analysis, 
no attempt was made to force the hest fit line through the theoretical 
counts per minute per microliter of tear fluid a t  time zero, due mainly 
to uncertainties in the mixing efficiency of instilled dose with the resident 
tear fluid. On the average, the deviations of the time zero values given 
by these best fit lines from the corresponding values calculated by as- 
suming instantaneous mixing were less than 5%. In most cases, the 
coefficient, of determination for the regression exceeded 0.95. 


Following topical instillation of a given volume of pilocarpine solution 
in the eye, the tear film drug concentration declined rapidly. Figure 1 is 
an example of a semilogarithmic plot of counts per minute per microliter 
of tear fluid against time. Table 111 summarizes the apparent first-order 
rate constants governing tear film drug concentration decline under 
various experimental conditions. In normal unanesthetized rabbits, the 
decline in pilocarpine concentration had an associated rate constant of 
0.63 min-l. Changing the instilled solution pH from 6.24 to 7.38 produced 
a 1.5-fold reduction in the associated rate constant. In contrast, in the 
presence of anesthesia, the rate constant was reduced by -50%. Predosing 
the eye with vasoactive agents also modified the first-order rate constant. 
Specifically, histamine dihydrochloride, a vasodilator, increased the rate 
constant by a factor of 1.5; epinephrine bitartrate, a vasoconstrictor, re- 
duced it by the same factor. The reduction in the rate constant due to 
epinephrine was more prominent when anesthesia was present (Tahle 
111). 


Tahle 111 also shows that, in the presence of anesthesia, glycerin dis- 
appeared from the precorneal area with an associated rate constant -50% 
less than that for pilocarpine. However, when administered in combi- 
nation with pilocarpine, the associated rate constant increased and was 


I' Differential Equations Reference Manual for the 1108, Mndison Academic 
Computing Center, Madison, Wis. 


UNIVAC 1 1  10, Madisun Academic Computing Center, Madison. Wis. 
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Table IV-Significance Testing a for  Selected Cases Listed in 
Table I11 


Experimental Condition D 


Unanesthetizedb uersus (unanesthetized + pilocarpine) 
Unanesthetized uersus (unanesthetized + epinephrine) 
Unanesthetized uersus (unanesthetized + histamine) 


Anesthetized (25 pl) uersus anesthetized (10 pl) 
Anesthetized (glycerin) uersus anesthetized (pilocarpine) 
[Anesthetized (glycerin ) + pilocarpine] uersus 


Unanesthetized uersus anesthetized (10 pl) 
Unanesthetized (pH 6.24) uersus unanesthetized (pH 7.38) 
Anesthetized (pH 6.24) uersus unanesthetized (pH 7.38) 


Unless otherwise indicated, these cases referred to those in 
which pilocarpine was the drug employed. 


. 


statistically indistinguishable from that obtained for pilocarpine a t  the 
95% confidence level (Table IV). 


Finally, the first-order rate constant of decline increased by a factor 
of 1.5 when the instilled volume was reduced from 25 to 10 pl. At the 95% 
confidence level, this difference was statistically significant (Table 
IV). 


Computer Simulation of Precorneal and Intraocular Pilocarpine 
Disposition-Table V lists the literature-adapted parameter values used 
in the initial simulation (1,7, 11,17,22). Each  parameter,^, associated 
with drug transfer between compartments, eg. ,  aqueous humor - res- 
ervoir, was obtained by multiplying the corresponding first-order rate 
constant by the donor compartment volume. Since the corneal epithelium 
and stroma volumes were not determined, only their estimates are in- 
cluded. In regard to precorneal factors, the associated first-order rate 
constants (Table 11) were employed. The exception was nonproductive 
loss, for which a value of 0.258 min-' was shown (17) to yield better 
agreement with the tear film pilocarpine concentration-time profile es- 
tablished in the present study. For estimating p ,  and pn. a time-averaged 
precorneal fluid volume was employed; its rationale was discwed earlier. 
The final version of the precorneal parameter values is presented in Table 
VI. The initial estimates shown in Table V were modified only 
slightly. 


<0.3366 
<0.0036 
<0.0106 
<O.o009 
<0.0056 
<0.0041 
<0.1004 


<0.0047 
<0.0065 
<0.0366 


Anesthetizedb uersus (anesthetized + epinephrine) 


lanesthetized (pilocarpine) 


Student t-test. 


I I I I I 
1 2 3 4 5 


7 1  


MINUTES 


Figure I-Decline in the pilocarpine concentration (expressed as 
counts per minute per microliter of tear / h i d )  in the tear /ilm following 
instillation of 10 p l  of a 0.01 M pilocarpine solution in an anesthetized 
rabbit. 


Table V-Initial Estimates of the Parameter  Values Associated 
with Ocular  Distribution of Pilocarpine in  the Albino Rabbit  


Parameter Value 


P P  0.13 pllmin 
k d  0.54 min-' 
Pn 8.38 pllmin 
80 0.66 pl/min 
Qi 2.48 pllmin 
ki 0.54 min-' 


Po 0.6 pllmin 
Pa0 4.04 pllmin 
Pr 2.02 Ilmin 
Pra o p&in 


vo 7.5 pl 


V D  325 plb 


Precorneal factors 


Intraocular factors 


Volumes 


VB 6 
VC 250plo*b 


Volume of stroma is assumed to be 32 MI. Vc and VD add up to the volume 


Figure 2 displays the simulated tear film drug concentration profile 
in unanesthetized rabbits for the first 5 min postinstillation. The slight 
curvature evident was due to drainage. Unless the experimental data are 
extremely precise, this curvature usually will not be detected. Conse- 
quently, the initial decline in drug concentration can often be approxi- 
mated by a first-order process. The  slope of the best-fit line yielded a 
first-order rate constant of 0.68 min-I, which resided within the 95% 
confidence interval of the experimental value. This observation, in con- 
junction with the values reported for previously identified precorneal 
disposition factors, supported the notion that additional factors are 
critical to precorneal loss of pilocarpine. 


The corresponding plot for the amount of drug in the tear film is de- 
picted in Fig. 3. Here, the slope was approximately 1.5 times larger than 
that governing the decline in drug concentration. The important point 
is that  the apparent first-order rate constant controlling the decline in 
drug concentration is not necessarily that controlling the decline in the 
amount of drug. 


of distribution value of 575 p1 reported by Conrad and Robinson (22). 


t 
w 0.2 u z 
8 
W I  \ 


a 
U 


" I  


\ 


0.041 I I I I L 
1 2 3 4 5 


MINUTES 


Figure %--Simulated tear film pilocarpine concentration profile /or 
the first 5 min postinstillation. The solid circles represent the concen- 
tration o/drug in the tear film calculated /or a given time from the pa- 
rameter values listed in Table V.  The solid line represents the best-/it 
line, with R2 = 0.98 and slope = -0.68 min-l. 
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Table VI-Relationship between the Volume-Independent Value 
and  First-Order Ra te  Constant of Precorneal D r u g  LOSS 
Parameters  


P O .  k b ,  min-' 
Parameter Associated with ullmin hanesthetized Anesthetized 


Corneal absorption 0.13 0.006 0.005 
Conjunctival absorption 0.71 0.033 0.025 
Nonconjunctival loss 2.80 0.13 0.10 
Vasodilation due to pilocarpine 4.76 0.22 0.17 
Normal tear flow 0.66 0.031 0 
Induced lacrimation 4.75 0.22 0 
Decline in induced lacrimation - 2 0 
Drainage - 0.54 0.18 
Equation relating p and k k = 0 . 0 4 7 ~  k = 0 . 0 3 6 ~  


Volume-independent value. Apparent first-order rate constant. 


Figure 4 is a simulated aqueous humor drug concentration profile, and 
the fit to experimental data is good. Based on the profiles displayed in 
Figs. 2 and 4, the proposed model is excellent in describing precorneal 
disposition of pilocarpine. A deficiency of the model concerns accounting 
for pilocarpine disposition within the cornea beyond 20-min postinstil- 
lation. In particular, the amount of pilocarpine in the cornea for this time 
interval, calculated according to the model, is approximately twice that 
obtained experimentally. As a result of systematically varying the mag- 
nitude of relevant parameter values, i t  becomes clear that  a model that  
satisfactorily describes both precorneal and corneal disposition of pilo- 
carpine must await additional studies on drug movement within the 
cornea. 


DISCUSSION 
Mechanisms Governing Precorneal Pilocarpine Disposition- 


The existence of efficient parallel loss processes acting in concert to re- 
move drug from the precorneal area of the eye is unequivocal. This is 
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Figure 3-Simulated profile /or amount of pilocarpine in tear fi lm /or 
the first 5 min postinstillation. The solid circles represent the amount 
of drug in the tear fi lm calculated for a given time from the parameter 
values listed in Table V. The solid line represents the best-fit line, with 
R2 = 0.99 and slope = -0.93 rnin-'. 
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Figure 4-Concentration of pilocarpine in aqueous humor of albino 
rabbits following topical instillation of a 0.01 Msolution. Key: A, data 
from Ref. 1 I; and -, simulated profile generated with parameter values 
listed in Table V. 


attested to  by theearly peak time established in the corneal epithelium 
and aqueous humor following instillation of a pilocarpine solution (10, 
11) and by the small fraction of an instilled dose that successfully gains 
access to the internal eye structures (8 ,9 ) .  The large rate constant, 0.63 
mine', associated with the decline in pilocarpine concentration in the 
tear film of unanesthetized rabbits provides a quantitative measure of 
the overall parallel loss effect. Obviously, from the standpoint of im- 
proving ocular drug bioavailability by formulating maximally efficacious 
ocular drug delivery systems, i t  would be helpful to identify all compo- 
nents of precorneal drug loss as well as the associated rate constants. 
As mentioned earlier, the reported loss parameters of solution drainage 


(1,2), drug protein binding (3-5), tear turnover (1,6),  and conjunctival 
absorption (7). by themselves, cannot account for the large first-order 
rate constant governing precorneal pilocarpine loss. To reconcile this 
discrepancy, several possibilities can be proposed, and each will be ex- 
amined here in turn. 


Incorrect Reported Rate Constants 
1. Underestimation of Reported Rate Constants-The two reported 


loss routes of interest are corneal and conjunctival absorption. Although 
the rate constant for corneal pilocarpine absorption has not been deter- 
mined, good estimates place it a t  least one or two orders of magnitude 
less than the rate constant governing conjunctival absorption and overall 
tear film drug loss. As a result, it is of minor consequence to the overall 
tear film drug loss rate constant. 


The 0.0217 min-' rate constant reported for nonproductive loss due 
to conjunctival pilocarpine absorption is in line with reported values for 
other substances, including the rate constant (23)  for passive diffusion 
of sodium and chloride ions across the conjunctiva. Additional support 
comes from a consideration of the difference in surface area of the cornea 
and conjunctiva available for drug absorption (24) and of the data of a 
recent study (25) on conjunctival absorption. Therefore, it can be con- 
cluded that the reported conjunctival absorption rate constant for pilo- 
carpine (7) is probably accurate. 


2. Volume Effect on Apparent First-Order Rate Constants-It is of 
interest to evaluate the extent to which the discrepancy between 0.30 
min-', observed in the anesthesia e~pe r imen t '~ ,  and 0.0217 min-', re- 
ported for nonproductive loss, can be attributed to a volume effect on 
apparent rate constants. In the study by Patton and Robinson (7), the 
experiment that  yielded the nonproductive loss rate constant of 0.0217 
min-' was conducted in rabbits whose drainage apparatus were me- 
chanically blocked. Under such circumstances, the precorneal fluid vol- 
ume a t  all times would be approximately 32.5 PI, essentially the sum of 
instilled volume (25 pl) and resident tear fluid volume (7.5 gl). In contrast, 
the present study was performed with rabbits possessing functional 
drainage apparatus, meaning that the fluid volume in the precorneal area 


13 Ignoring the additional routes of precorneal drug loss for the moment leaves 
nonproductive loss as the only loss route available in the presence of anesthesia. 
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underwent an approximate fourfold change, from 32.5 fil at the moment 
of drop instillation to 7.5 pl shortly thereafter. 


Teorell(14) showed that the first-order rate constant associated with 
drug movement from one compartment to the next is inversely related 
to the fluid volume in the donor compartment. In the present study, the 
effect of instilled volume on k, was established in the experiment in which 
a 10-pl rather than a 25-pl dose was instilled into the cul-de-sacs of 
anesthetized rabbits. Table 111 shows that k, underwent a 1.5-fold in- 
crease for a 2.5-fold reduction in instilled volume. On this basis, this 
volume effect by itself can a t  most contribute a factor of approximately 
4.5, in which case a rate constant of 0.094 min-l is obtained for nonpro- 
ductive loss. Clearly, while volume influences the magnitude of the rate 
constant, it is not the principal explanation for the large rate constant 
associated with precorneal pilocarpine loss. 


Different Mechanism for Corneal Pilocarpine Uptake-Some years 
ago, Kakemi et al. (26-29) reported that the amount of drug absorbed 
in the GI tract correlated well with its extent of binding to mucin lining 
the mucosa; they suggested that drug binding to m u c h  constituted the 
first step in absorption. Conceivably, the same phenomenon can occur 
in the mucin layer that  coats the corneal surface (30). The anesthesia 
experiment in the present study, however, minimized the possibility of 
rapid uptake of pilocarpine by some component(s), including mucin, on 
the corneal surface as being primarily responsible for the large rate 
constant, k,, associated with a decline in precorneal pilocarpine con- 
centration. For this mechanism to be operative, k, should register no 
appreciable change in its value under anesthesia. 


Additional Loss Routes 
1. Induced Lacrimation-If an increase in tear flow rate due to in- 


stilling a pilocarpine solution is a parallel loss route, the apparent rate 
constant, k., governing drug loss from the precorneal area must show a 
reduction in its value in the presence of anesthesia since lacrimation as 
well as normal tear flow is inhibited under this condition (1). The ex- 
perimental value of0.30 min-] obtained in anesthetized rabbits, an ap- 
preciablereduction when compared with the value of 0.63 min-I, indi- 
cates that induced lacrimation is indeed a pathway of drug loss. I t  is not 
the only route, however, because k, does not converge to the value of 
0.0217 rnin-l determined (7) for nonproductive loss of pilocarpine to 
tissues surrounding the tear chamber. 


The results of the experiment using a pH 7.38 instead of a pH 6.24 
solution demonstrate that much of the lacrimation effect is due to vehicle 
formulation. Although this observation is consistent with other findings 
(16) on vehicle influence on drug bioavailability, it is inconsistent with 
those of Patton and Robinson (7). In particular, Patton and Robinson 
(7) can account fully for the difference in k, between anesthetized and 
unanesthetized rabbits, both with blocked drainage apparatus, by merely 
including normal tear turnover. This apparent inhibition of lacrimation 
upon blocking the drainage apparatus has also been observed in humans 
(31). Aside from invoking a compensatory mechanism that resists an 
increase in tear volume beyond the large volume already present, no ex- 
planation is forthcoming a t  the present time. There is little doubt, how- 
ever, that in normal unanesthetized rabbits, induced lacrimation is a 
component of the precorneal pilocarpine loss mechanism. 


2. Nonconjunctival Loss of Pilocarpine (Uptake of Drug by Nictitating 
Membrane)-Examination of theanatomy of the rabbit’s tear chamber 
reveals the nictitating membrane to be a structure that potentially can 
act in conjunction with the conjunctiva and the cornea to remove drug 
from the precorneal area. This discussion of nonconjunctival pilncarpine 
loss will focus on uptake by the nicitating membrane, even though ad- 
ditional components of nonconjunctival loss are possible. 


Like the conjunctiva, the nictitating membrane is a vascularized tissue 
(32). It is not clear what gives it an apparent advantage over the con- 
junctiva in removing drug from the precorneal area. A direct determi- 
nation of drug levels in the nictitating membrane as a function of time 
may not establish if it is the dominant factor in causing drug loss. So long 
as it is in contact with the fluid bathing the precorneal area, its concen- 
tration-time profile will probably show an early peak time of 5 min just 
like that for the corneal epithelium. On the other hand, surgical removal 
of the nictitating membrane may change the tear chamber volume and 
possibly the drainage process, just to name a few. Therefore, a simple 
approach of manipulating the vascularization of this tissue was 
adopted. 


The role of blood flow on drug absorption was studied in the GI tract 
(33, 34) and was recently reviewed (35). In the eye, if the nictitating 
membrane contributes substantially more to precorneal drug loss than 
does the conjunctiva, in the presence of a vasoconstrictor the apparent 
rate constant of decline should register a corresponding reduction in 
value. Indeed, in the anesthetized rabbit, it is reduced by a factor of 4 


upon the application of a 0.1% epinephrine bitartrate solution. The 
change is less dramatic in the unanesthetized rabbit because induced 
lacrimation due to  vehicle formulation, which is not expected to be af- 
fected by this procedure, is still present. The difference in the magnitude 
of the rate constant obtained in unanesthetized and anesthetized rabbits 
was the same regardless of epinephrine pretreatment (Table 111). This 
difference amounted to 0.33 min-1 and may be ascribed to tear flow, of 
which induced lacrimation is a part. 


Just  as vasoconstriction is accompanied by a substantial reduction in 
the apparent rate constant of parallel loss, it is reasonable to expect op- 
posite changes in the aforementioned rate constant when vasodilation 
or inflammation is present. Indeed, histamine dihydrochloride, a potent 
vasodilator (36), a t  an instilled concentration of 0.25% caused an upward 
shift of the rate constant from 0.63 to 1.03 min-I. This result may not be 
a pure vasodilation effect, however, because histamine a t  a concentration 
as low as 5 X 10-6 M loosened the superficial epithelial cells of excised 
beef corneas after several hours of incubation (371, an effect that  could 
enhance corneal pilocarpine absorption. However, the contact time in 
the present experiment was short enough to preclude a surface effect. 


3. Vasodilation due to Pilocarpine-Since pilocarpine itself is a va- 
sodilator (361, this pharmacological effect is expected to manifest itself 
in the rate constant governing disappearance of the drug from the pre- 
corneal area. The vasodilation effect appears to be immediate since 
predosing the eye with an equivalent amount of pilocarpine yielded a rate 
constant that was statistically indistinguishable from that obtained under 
normal circumstances (Table IV). In contrast, when glycerin, which is 
devoid of vasodilation properties, was administered in combination with 
pilocarpine, the rate constant associated with the glycerin concentration 
decline increased by a factor of 3. Moreover, glycerin then disappeared 
from the precdrneal area with a rate constant similar to that governing 
pilocarpine decline. Induced lacrimation was not a concern here since 
anesthetized rabbits were employed. 


By taking the difference in rate constants obtained for pilocarpine and 
glycerin, both in anesthetized rabbits, a value of 0.17 min-1 was obtained. 
This value may be denoted as the rate constant due to vasodilation in- 
duced by pilocarpine in anesthetized rabbits. Suitable corrections for 
the influence of anesthesia on the drainage rate constant (1) must be 
applied in calculating the corresponding value for unanesthetized ani- 
mals. 


An implication associated with vasodilation induced by pilocarpine 
is its expected variation with instilled concentration. This, if operative, 
will be reflected in the pilocarpine levels obtained in a given tissue, e.g., 
aqueous humor, and, obviously, the magnitude of the rate constant 
governing precorneal drug loss. The linearity of the dose-aqueous humor 
Concentration (at  20 min postinstillation) profile over six orders of 
magnitude in dose (10-6-10-’ M )  (8) suggests that  either the rate con- 
stant due to pilocarpine-induced vasodilation is a weak function of in- 
stilled concentration or, less likely, maximum vasodilation is attained 
at  the lowest instilled concentration of M. The dose-aqueous humor 
concentration plot is a log-log plot so that small differences will not be 
discerned. 


Not only does induced lacrimation appear to be suppressed when the 
drainage apparatus is blocked, but the same is true for pilocarpine-in- 
duced vasodilation. This effect can he seen by comparing the magnitude 
of  the rate constants involved: 0.17 min-’ for the vasodilation determined 
in this study ilcrsus 0.0217 min-1 for nonproductive loss reported else- 
where (7). Undoubtedly, a volume effect is making a contribution. Thus, 
in anesthetized rabbits with blocked drainage apparatus, the rate con- 
stant ascribed to vasodilation assumes a theoretical value of 0.1 1 min-’, 
which is five times larger than the reported 0.0217-min-’ value. The 
difference can be reconciled, in part, by attributing the preponderance 
of vasodilator effect to the nictitating membrane, a consideration con- 
sistent with the view that the nictitating membrane, in some unknown 
fashion, does not participate in precorneal drug disposition as soon as 
the drainage apparatus is blocked. Whether this phenomenon is peculiar 
to pilocarpine can possibly be disclosed in an experiment involving other 
drugs such as glycerin. 


Thus far, the volume effect on apparent first-order rate constants has 
been identified. the notion of rapid pilocarpine uptake by some compo- 
nents on the corneal surface has been mentioned, and induced lacrimation 
due to vehicle formulation, nonconjunctival pilocarpine loss, and vaso- 
dilation due to the drug have been established as additional aspects of 
precorneal pilocarpine disposition. It is still unclear why these additional, 
and yet critical, parameters controlling precorneal disposition are absent 
when the drainage apparatus is blocked. Similarly, there is the observa- 
tion by DeSantis and Schoenwald (38) that disputes the importance of 
the nictitating membrane as a pathway contributing to pilocarpine loss 
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Table VII-Influence of Individual Parallel Loss Factors on 
Bioavailability 


Parallel Loss Factor Present Ratio A a  Ratio Bb 


Draina e 0.24 30.4 


Induced lacrimation 0.13 16.4 
Conjunctival absorption 0.16 20.9 


Normaftear flow 0.18 22.1 


Vasodilation due to pilocarpine 0.03 3.5 
Nonconjunctival loss 0.05 5.9 
All factors present 0.007 1 .o 


0 Ratio A is referenced to the case when no parallel loss factors are present (AUC 
in aqueous humor is 9716 pg/ml m i d .  Ratio B is referenced to the case when all 
parallel loss factors are present (AUC in aqueous humor is 77.0 pg/ml min). 


from the precorneal area. They monitored changes in pupil diameters 
as a result of surgical removal of the nictitating membrane. However, 
pupillary diameter measurements, as compared with aqueous humor drug 
level determinations (S) ,  are not a sensitive indicator for pilocarpine 
bioavailabili ty. 


What remains to be done is to integrate these additional pathways 
responsible for precorneal pilocarpine loss with the previously identified 
pathways by assessing the relative importance of each to ocular drug 
bioavailability. Rut first it is necessary to derive from the experimental 
data the coefficients, p ,  associated with each pathway of loss shown in 
Scheme 111 because the experimental results, presented as first-order rate 
constants, were ohtained in both anesthetized and unanesthetized rabbits 
and the rate of change in precorneal fluid volume differs under these 
conditions. In other words, the presence of drainage conceals the actual 
contribution of each pathway to total drug loss. With this background, 
one can proceed, as outlined in the Appendix, to calculate the volume- 
independent coefficients, p ,  associated with various routes of precorneal 
drug loss. 


Table VI summarizes the values computed for various parameters 
associated with precorneal pilocarpine disposition. The corresponding 
k values for anesthetized and unanesthetized rahhits are ohtained by 
applying Eqs. A1 and A3, respectively (see Appcndix). From the vol- 
ume-independent values, one can see that, in terms of effectiveness of 
removing drug from the precorneal area, the rank order of  various pre- 
corneal disposition factors appears to be: vasodilation due to pilocarpine 
> nonconjunctival loss > conjunctival absorption > normal tear turnover 
> corneal absorption. How induced lacrimation fits into this sequence 
is not as straightforward because of i t s  time dependence. The same is true 
of drainage, due to lack of knowledge of an effective volume to properly 
weight this parameter. Computer simulations will be employed to ex- 
amine the relative importance of these precorneal factors in effecting drug 
loss. 


Relative Importance of Precorneal Drug Disposition Factors on 
Extent of Drug Absorption-Tables VII and VIII list the various cases 
to he considered in an effort to understand the relative importance of 
precorneal drug disposition factors, alone or in comhination, in in- 
fluencing the extent to which pilocarpine is ahsorbed across the corneal 
epithelium. The area under the curve (ALIC) from 0 to 120 min in the 
aqueous humor will serve as an indicator for the amount of drug absorbed. 
Ideally, the entire, rather than the truncated, ALJC should be used. 
However, since only relative values are of interest, the AUC from 0 to 120 
min is used. 


Each case listed in Tables VII and VIlI is referenced to two special 
cases. Ratio A is referenced to the ideal case in which no parallel loss 
factors are present and is, therefore, roughly equivalent to the fraction 
of dose absorbed in the presence of certain loss factors. Ratio B is ref- 
erenced to the case corresponding to normal physiological conditions 
when all parallel loss factors are present and, therefore, reflects the im- 
provement in hioavailahility when one or more parallel loss factors are 
suppressed. As an illustration, Table VII shows that when all parallel loss 
factors except normal tear flow are suppressed: ( a )  the apparent fraction 
of dose absorbed (Ratio A) is 0.18, and ( b )  relative to normal physiological 
conditions, there should he a 22-fold increase in the amount of pilocarpine 
recovered in aqueous humor (Hatio B). 


Consider Ratio A in greater detail. According to Table VII, when only 
a single parallel loss factor is present, the amount of dose absorbed is 
reduced by a t  least 75%. IJnder the usual circumstances of more than one 
parallel loss factor being operative, it is reduced by an additional 80% 
(Table VIII). From these two tables, one can establish, in principle, a 
single sequence ranking the various parallel loss factors in terms of their 
effectiveness in removing pilocarpine from the precorneal area. To this 
end, the most efficient parallel loss factor can be identified as the one 
possessing a Ratio A that  has the smallest value in Table VII but the 


Tab le  VIII-Influence ef Combinations of Parallel  Loss Factors 
on Bioavailability 


Parallel Loss Factor Absent Ratio A" Ratio Bb 


Drainage 0.014 1.78 
Induced lacrimation 0.0085 1.07 
Conjunctival absorption 0.0084 1.06 
Vasodilation due to DilocarDine 0.013 1.67 
Nonconjunctival 10s; 0.010 1.29 
All factors present 0.007 1.0 


n.b  See footnotes to Table VII for details. 


largest in Table VIII. Quite unexpectedly, two sequences differing only 
in the ranking of drainage are obtained. Whereas Table VII indicates that 
drainage is the least efficient parallel loss factor, Table VIII indicates 
that it is the most efficient one. 


These conflicting results can be explained by noting that the proposed 
model allows drug diffusion from the epithelium into the tear film, a re- 
alistic situation. Within this framework, the portion of drug that has 
diffused into the tear film is completely available for reabsorption as soon 
as normal resident tear volume is attained, so long as drainage is the only 
loss factor present. When factors in addition to drainage are present, the 
same portion of drug is subjected to continuous removal by routes in 
addition to corneal absorption. Of relevance here is the first case listed 
in Table VIII. I t  can be seen that eliminating drainage brings about the 
most improvement in bioavailability, equivalent to saying that drainage 
is the most efficient parallel loss factor. 


Simply stated, when parallel loss factors are evaluated in the manner 
prescribed by Table VII, the conclusion of drainage being the least effi- 
cient parallel loss lactor is an artifact of the system. Thus, the relative 
effectiveness of precorneal disposition factors in removing drug should 
be: drainage - vasodilation > nonconjunctival loss > induced lacrimation 


conjunctival absorption > normal tear turnover. 
Implications of Precorneal Drug  Loss in  Ocular  Drug Delivery 


System Design-Having established the contributions of various pre- 
corneal drug disposition factors to precorneal loss of pilocarpine, their 
implications in designing ocular drug delivery systems that optimize 
ocular pilocarpine bioavailability can he examined. The aforementioned 
precorneal disposition factors can first be grouped into vehicle- and 
drug-related categories. Drainage and induced lacrimation belong to the 
category of vehicle-related factors, whereas conjunctival absorption, 
nonconjunctival loss, vasodilation, and corneal absorption are drug-re- 
lated factors. Based on the magnitude associated with each parameter, 
impairing a single route of loss will not bring about more than a twofold 
improvement, on the average, in the fraction of dose absorbed (Ratio B, 
Table VIII). 


By far, the route that has received the most attention is drainage. 
Previous studies (39-41) showed that delaying drainage by a factor of 10 
through use of polymer solutions as vehicles results in only a factor of 2 
improvement in bioavailability. As an alternative to polymer solutions, 
one can employ solid or semisolid dosage forms such as ointment (42). 
soft contact lenses (43-46), and controlled-release devices including the 
Ocusert (47,48). With the possible exception of the Ocusert, this approach 
has thus far not met with satisfactory results. 


Induced lacrimation, another vehicle-related loss factor, can be sup- 
pressed by formulating the solution a t  physiological pH and tonicity so 
long as they are compatible with drug stability. According to the proposed 
model, this approach alone causes no dramatic improvement in the 
amount of drug absorbed either. There is a 1.6-fold improvement in 
aqueous humor pilocarpine levels as the pH is varied (42). 


The remaining factors, vasodilation, nonconjunctival loss (of which 
drug uptake by the nictitating membrane is a component), and con- 
junctival absorption, are more drug than vehicle related. Unfortunately, 
they include those factors that play dominant roles in causing drug loss. 
This finding suggests prodrug derivative formation to minimize vasodi- 
lation, thereby improving bioavailability for pilocarpine. Alternatively, 
administration of vasoconstrictors prior to instillation of pilocarpine 
solution shows promise for improving its bioavailability. The proposed 
model, in conjunction with the experimental data obtained in the present 
study, predicts a 2.5-fold improvement when a 0.1% epinephrine bitar- 
trate solution is administered 15 min prior to instilling the dose. Chrai 
~t al. (2) reported only a 1.16-fold increase, but these investigators ad- 
ministered both drugs in combination. 


Since the nictitating membrane is absent in humans, drug uptake by 
this structure is not a concern in designing ocular drug delivery systems 
for humans. 


From this discussion, it is clear that  a combination of physical and 
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Figure 5-Effect on aqueous humor drug levels upon varying instilled 
concentration and volume while holding amount of drug administered 
constant. Tear flow is present. Key: Vi, instilled volume; [AJo, initial 
concentration of drug in tear film; and kd, drainage rate constant: These 
profiles were generated for an  instilled concentration of 13.56 pglpl 
contained in a volume of 5 pl and for 2.71 pglpl in 25 pl ,  


chemical approaches is needed to achieve maximum improvement in 
bioavailability of topically applied pilocarpine. Assuming that the en- 
zymes necessary for bioconversion are available, one can design a prodrug 
derivative possessing the desirable attributes of favorable uptake by the 
corneal epithelium (a highly lipophilic structure), minimal vasodilating 
properties, and, ideally, minimal uptake by the conjunctiva. Such a de- 
rivative can then be placed into a suitable controlled-release device, which 
must satisfy the anatomical and physiological constraints imposed by 
the precorneal area of the eye. One may argue that administering larger 
amounts of drug would give the desired drug levels in ocular tissues, but 
there exists the concern of systemic toxicity since most of the applied drug 
is then available for systemic absorption (49). 


Important Aspects Relating to Drainage-With the spectrum of 
of precorneal pilocarpine disposition factors placed in some perspective, 
the remaining sections of this report are devoted to some important as- 
pects relating to drainage, the factor deemed to be crucial in precorneal 
drug loss. 


Role of Instilled Dose Parameters in Ocular Drug Bioavailability- 
Given the strategic role of drainage in the parallel loss process and its 
sensitivity to the volume of dose instilled, it is instructive to compare the 
concentration-time profiles in a given intraocular tissue when a fixed 
amount of drug is delivered in various combinations of volume and con- 
centration. Compartment pharmacokinetics will predict identical profiles 
under these conditions; this result can be seen in Eq. 12, which expresses 
the concentration, C, of drug in the central compartment as a function 
of time for a drug that obeys one-compartment model kinetics: 


(Eq. 12) 


where k .  is the absorption rate constant, k ,  is the elimination rate con- 
stant, D is the amount of drug administered, F is the fraction of dose 
absorbed, and v d  is the apparent volume of distribution. In contrast, our 
model, like a previous one (12), predicts characteristic intraocular tissue 
concentration-time profiles for each combination of instilled concen- 
tration and volume. Figure 5 illustrates this point. In this figure, two 
curves (1 and 2) are included for the 5-pl case. Curve 1 represents the case 
where the drainage rate constant, k d .  possesses a value characteristic of 
this volume, i.e., kd = 0.31 min-'; curve 2 represents the case where kd 
is the same as that for a 25-pl dose, i.e., kd = 0.54 min-'. In both cases, 
the concentration a t  any time is higher than that for a 25-pI dose (curve 
3). This finding indicates that the differences that arise from the dose 
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Figure 6-Effect on aqueous humor drug levels upon varying instilled 
Concentration and volume while holding amount of drug administered 
constant. Tear flow is absent. Key: Vi, instilled volume; [AJo, initial 
concentration of drug in tear film; and b, drainage rate constant. These 
profiles were generated for a n  instilled concentration of 13.56 pgglpl 
contained in a volume of 5 pl  and  for 2.71 pglpl i n  25 pl. 


volume instilled are not due to a volume-dependent drainage effect alone; 
the initial concentration established in the tear film also plays a role. 
Moreover, since the volume instilled indirectly influences the contribu- 
tion of tear flow, Qr( t  ), to parallel loss, it is necessary to see if the profiles 
would continue to be different even when QT(t) is set equal to zero. 


The answer is provided by the profiles displayed in Fig. 6. Again, the 
5+1 dose gives a higher concentration than the 25-p1 dose, indicating that 
the increase in extent of drug absorption from a smaller dose volume 
cannot be due largely to the indirect influence exerted by drainage on tear 
flow. Drainage is present in all these instances. Hence, when it ceases to 
be a parallel loss factor, the results given by the present model should 
coincide with those given by the pharmacokinetic treatment described 
earlier. In essence, the dose volume administered influences the tissue 
concentration-time profiles only if the fluid volume at the absorption 
site undergoes a time-dependent change in response to the volume ad- 
ministered. Therefore, this volume effect should be observed in regions 
of the body, e.g., precorneal area, rectum, and skeletal muscles (50--53), 
which have a limited capacity to accommodate volume andlor to possess 
a small resident volume of fluid to hegin with. The influence that fluid 
volumes may exert on the absorption of orally dosed drugs begins to be 
recognized. This influence is complex, as illustrated by studies on aspirin 
(54), amoxicillin and ampicillin ($51, and erythromycin stearate (56). 


For completeness, the role of the initial concentration as it relates to 
drug bioavailability from topical instillation should be explored. Ac- 
cording to Table IX. the AUC in aqueous humor, and hence the amount 
of drug absorbed, is greater for a 25-pl dose than for a 5-pl dose, despite 
the negative influence of drainage experienced by the larger volume of 
dose. The increase is due to a larger amount of drug administered with 
the larger volume of dose. Also of interest in the same table is the higher 
instilled concentration associated with the 5-pl dose, yet the extent of 
drug absorbed still favors the 25-pl dose. 


Thus, the relationship between instilled concentration and amount 
relative to drug bioavailability is an intricate one. On an absolute basis, 
for a given amount of drug, a small volume allows more drug to be ab- 
sorbed. For a given initial or instilled concentration, the opposite is the 
case. However, in terms of the fraction of dose absorbed, as reflected by 
the value obtained on dividing the A UC by the instilled amount, a small 
volume of dose is still more efficient than a large one (Table IX). Such 
a volume effect was implied by previous studies in this laboratory (1,2) 
and, more recently, was confirmed experimentally in rabbits (49,57) and 
humans (58). 
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Table IX-Effect of Initial Concentration in Tear Film on Area unde r  the Curve (AUC) in Aqueous Humor 
Volume Instilled Instilled Initial AUC in AUC + 
Instilled, Concentration, Amount, Concentration, Aqueous Humor", Instilled Amount, 
4 Pgld  CCg CCglcC~ pglml min pg/ml min/pg 


5 5.22 26.08 2.09 43.6 
25 2.71 67.82 2.09 77.0 


1.67 
1.14 


a From 0 to 120 min. 


Role of Drainage in Determining Early Peak Time in Corneal Epi- 
thelial Drug Concentration-Time Profile-Not only does drainage ex- 
ercise a definite role in controlling the fraction of instilled dose available 
for absorption, it also complicates the interpretation of the early peak 
time observed in the corneal epithelium. Despite the magnitude of the 
drainage rate constant, the peak time obtained when it is the only parallel 
loss factor is about threetimes longer than that obtained when it is the 
only one absent (Table X). This observation says that, by itself, drainage 
is less effective than the other parallel loss factors combined in causing 
an early peak time in the epithelium concentration-time profile. 


The picture changes when drainage is allowed to act in conjunction with 
a t  least one other parallel loss factor. As an example, in the presence of 
tear flow, drainage gives a peak time of 10 min, as compared with the 20 
min obtained otherwise. This example illustrates an additional important 
point; so long as drainage is an integral component of the precorneal drug 
loss mechanism, the peak time derived from a corneal epithelial drug 
concentration-time profile is an insensitive indicator for the existence 
of such equally efficient parallel loss pathways as vasodilation and uptake 
of drug into the nictitating membrane. The present study demonstrates 
that only by directly monitoring tear film drug levels, under a variety of 
experimental conditions, can a complete picture of precorneal drug dis- 
position emerge. 
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Figure 7-Plot of k,(t) uersus uolume, vA(t), of precorneal fluid a t  a 
given time. See text for meaning of k.(t). 


Role of Precorneal Fluid Volume in Influencing Magnitude of Ap- 
parent First-Order Rate Constants Associated with Decline in Tear Film 
Drug Leuels-Treatment of data according to compartment pharma- 
cokinetics carries with it the implicit assumption of a single rate constant 
being adequate to describe the change in both amount and concentration 
of drug with time. Table XI indicates that this assumption does not hold 
in the precorneal area of the eye since the volume of fluid there contin- 
uously changes with time in an effort to attain resident tear volume. As 
expected, the apparent rate constant is larger for amount than for con- 
centration, the difference being due to drainage, which exerts a direct 
influence on amount as opposed to an indirect one on concentration. 


Furthermore, this apparent rate constant is time dependent. This is 
evident in Eq. 13, which describes the change in tear film drug concen- 
tration for the first 5 min postinstillation when the drug contribution from 
the epithelium to tear film drug levels is negligible: 


(Eq. 13) 


where the term within parentheses can be identified with the apparent 
first-order rate constant, k, ( t) ,  governing the decline in drug concen- 
tration. Notice that QT(t) and VA ( t  ) are functions of time. Thus: 


(Eq. 13a) 


The first-order rate constant derived from the slope of a semilogarithmic 
pltit of drug concentration uersus time is, thzrefore, a time-averaged 
quantity, as indicated earlier. I t  is denoted ask. and, conforming to  ex- 
perimental conditions in the present study, is given by: 


where VA (0)  is the fluid volume in the precorneal area a t  time zero and 
VA(5) is that a t  5 min. Evaluation of the integral in Eq. 14 is simplified 
if QT(t) is constant or zero. The result of the integration by assuming 
QT(t) = 0 is: 


For a 25-1.11 dose: 
- PP+ Pn k. =- 


29.0 
whereas for a IO-pI dose: 


- P p + P n  k, =- 
18.9 


(Eq. 15) 


(Eq. 16) 


(Eq. 17) 


The conditions leading to Eqs. 16 and 17 are resident tear volume VO = 
12 pl and drainage rate constant kd = 0.177 min-l. Equation 16 is very 
similar to Eq. A1 obtained by the procedure detailed in the Appendix. 
The essence ot' Eqs. 16 and 17 is twofold. First, cogtrary to what one might 
anticipate, the effective volume contributing to k,is neither the instilled 
volume nor the total volume at  time zero. Second, k, is larger for a smaller 
instilled volume. Dividing Eq. 17 by Eq. 16 gives a ratio of 1.5, in excellent 
agreement with experimental findings on anesthetized rabbits, thus 
lending credence to the interpretation of apparent first-order rate con- 
stants offered by Eq. 14. 


When &(t )  is not equal to zero, the integral in Eq. 14 can be evaluated 
graphically. With the parameter values listed in Table VI, a plot of k,(t) 
uersus V A ( t )  can be generated (Fig. 7). From this plot, a k, of 0.41 min-l 
is derived, which is less than the value of 0.63 min-l obtained from the 
slope of a semilogarithmic plot of tear film drug concentration uersus 
time. The discrepancy can be partly ascribed to rounding-off errors in- 
curred in graphical integration. 


An expression analogous to Eq. 15 for the time-averaged rate constant, 
E ,  governing the decline in amount of drug in the tear film can now be 
obtained. Equation 2 is cast into its equivalent form: 
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Table X-Influence of Selected Parallel Loss Factors on Peak 
Time in Corneal Epithelial Drug Concentration-Time Profile 


Parameter Peak Time, min 


Tear flow 9 
Drainage 20 
Drainage and tear flow 10 
All but drainage 6 


where At is the amount of drug in the tear film. Equation 18 assumes that 
the contribution from the term p , [ B ]  is negligible. It follows that the 
apparent first-order rate constant, k’(t ), is given by: 


Then: 


where the symbols are as previously defined. Again, for Q-j-(t) = 0, Eq. 
20 becomes: 


Equation 21 differs from Eq. 15 by the additional term containing kd. For 
a 25-pl dose, k‘ = 0.036~ + 0.10 where p = p p  + pn. 


CONCLUSIONS 


A picture concerning the mechanisms that control precorneal pilo- 
carpine disposition following topical instillation (Scheme IV) has been 
presented. Through experimentation and computer simulation, it was 
found that competing with corneal pilocarpine absorption from the 
precorneal area are the processes of solution drainage, vasodilation due 
to the drug, nonconjunctival loss (of which uptake of drug by the nicti- 
tating membrane is a component), conjunctival absorption, induced la- 
crimation, and normal tear turnover, with some of these processes being 
more efficient than others. The enormous influence of drainage on ocular 
drug bioavailability was recognized. 


Equally as important, the analysis showed that the burden of removing 
drug from the precorneal area was shared almost equally by drainage, 
vasodilation due to pilocarpine, and nonconjunctival loss. Consequently, 
suppressing a single factor only results in a modest improvement in pi- 
locarpine bioavailability. The experience with manipulating drainage 
is an illuminating example. It follows that the strategy for optimizing 
ahsorption efficiency through controlled drug delivery should involve 
both physical and chemical approaches. This process should be enhanced 
since estimates on the magnitude of precorneal disposition parameters 
are now available. 


An additional aspect of this study centers on defining the effect of in- 
stilled volume on the magnitude of the apparent first-order rate constant 
governing the decline in concentration and amount of drug in the pre- 
corneal area. According to the proposed model, the rate constant con- 


Scheme IV-Precorneal dispositiun of pitocarpine in the nlbinn 
rabbit 


Table XI-Apparent First-Order Rate Constants Governing 
Decline in Amount a n d  Concentration of Pilocarpine in Tear 
Film following Instillation of 25 pl of 0.01 M Solution 


k,, min-l 
Condition Amountb Concentrationc 


Unanesthetized 0.90 
Anesthetized 0.40 


0.63 
0.30 


For the first 5 min postinstillation. -5 Calculated value. See text for details. 
Experimental value. 


trolling drug loss is a time-dependent quantity. Strictly speaking, it 
should be denoted as a coefficient rather than as a rate constant. The 
time-average first-order rate constant is shown to be a function of, among 
other parameters, the initial volume of fluid in the precorneal area. In 
contrast to the situation where the volume of fluid a t  the absorption site 
remains essentially constant with time, the first-order drug loss rate 
constant viewed in the context of the proposed model varies depending 
on whether concentration or amount is being considered. 


Additionally, as a result of analyzing instilled dose parameters such 
as volume and concentration in terms of influence on the rate and extent 
of absorption, the contention that the volume of dose instilled affects 
ocular drug bioavailability through a combined influence on initial con- 
centration established in the tear film and on the magnitude of drainage 
that results was put on a relatively definitive basis. 


The proposed model is satisfactory from the standpoints of physical 
meaning as well as a quantitative description concerning precorneal 
disposition, of accounting for the role of instilled volume in ocular drug 
bioavailability, and of exposing the hidden aspects of time dependence 
as it pertains to first-order rate “constants” commonly employed to de- 
scribe drug distribution. 


APPENDIX 


This section outlines the procedure for computing the values for various 
precorneal disposition parameters from experimental results listed in 
Table 111. Of central importance in these calculations is Eq. 8. According 
to this equation, [A ]  can be estimated if pn (the coefficient associated 
with nonproductive loss) and Qi (the coefficient associated with induced 
lacrimation) are known since values for the other parameters are avail- 
able. Only one unknown remains if the condition of anesthesia is selected, 
in which case QO = Qi = 0. Thus, one can calculate [ A  1 for a given value 
of pn for t = 0, 1, 2, 3, 4, and 5 min. These numbers are then plotted 
semilogarithmically against t .  From the slope of this plot, an apparent 
first-order rate constant is derived. The same procedure is then repeated 
for other pn values. On correlating the resulting slopes with the corre- 
sponding pn values, an equation relating the volume-independent value 
( p ,  in microliters per minute) and the apparent first-order rate constant 
( k ,  in minute-’) for a given parameter is obtained. 


Consider now the experiment in which a 25-pl dose of pilocarpine so- 
lution was instilled onto the cornea of anesthetized rabbits. Under this 
condition, the apparent first-order rate constant has a value of 0.30 min-l 
(Table 111). Chrai et al. (1) reported that in the presence of anesthesia, 
the normal resident volume of tear fluid is 12 pl, the drainage rate con- 
stant has a value of 0.177 min-’, and tear turnover is inhibited, i .e.,  Qi 
= QO = 0 pl min-I. With this information, the equation relating p and 
k takes the form: 


k = P =  0 . 0 3 6 ~  
28.0 (Eq. Al)  


Equation A 1  holds for anesthetized rabbits only. For k = 0.30 min-1, p 
= 8.40 pl/min. This, when applied to an instilled dose of 10 pl in anes- 
thetized rabbits, yields k = 0.46 rnin-l, in excellent agreement with the 
observed value (Table 111). 


The key elements involved in partitioning p = 8.40 pl/min just ob- 
tained into its components are as follows. Since p = p p  + pn and p p  has 
been estimated to be 0.13 pl/min (Table V), pn = 8.27 pl/min. The pa- 
rameter p n  is the sum of pne, prim, and pnd, where pne refers to conjunc- 
tival absorption, prim refers to nonconjunctival loss, and Pnd refers to 
vasodilation induced by pilocarpine. Among these values, an estimate 
for pnc is available. It is 0.71 pllmin, calculated from 0.0217 min-1, the 
first-order rate constant associated with conjunctival absorption, and 
32.5 pl, the volume of fluid under the prevailing experimental conditions 
(7). The first-order rate constant governing vasodilation is 0.17 min-1. 
According to Eq. Al, this value corresponds to a Pnd of 4.76 pl/min. Now 
pnc can be shown to take on a value of (8.27 - 0.71 - 4.76) or 2.80 pl/min. 
The only parameters remaining to be calculated are Qi and kl, which will 
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be discussed after the companion form of Eq. A1 for unanesthetized 
rabbits is obtained. 


In this instance, the procedure is essentially that outlined for anes- 
thetized rabbits, the exception being that the resident tear volume is 7.5 
pl. Since Qi is weighted with V, instead of Vo (Eq. 81, it is set equal to zero 
to simplify calculations. Accordingly, Eq. A2 is the appropriate form 
relating p and k in unanesthetized rabbits, provided that induced lacri- 
mation is not a loss factor: 


k = = 0.071~ 
14.1 


Applying Eq. A2 to the sum of p,,. pn, and 80, i.e., 9.06 pllmin, produces 
a value of 0.64 min-1, implying that induced lacrimation is not needed 
to explain the apparent first-order rate constant obtained in normal 
unanesthetized rabbits. On the one hand, this finding is consistent with 
the assumption made on induced lacrimation in deriving Eq. A2. On the 
other hand, it appears to contradict the data on the influence of instilled 
solution pH on the apparent first-order rate constant. In essence, Eq. A2 
is not obeyed by unanesthetized rabbits for whom pH-induced lacrima- 
tion constitutes a pathway of drug loss. 


To take this factor into account, two assumptions are appropriate: ( a )  
no induced lacrimation occurs with an instilled solution at pH 7.38 and 
( b )  alterations in solution pH cause no significant changes in the re- 
maining precorneal disposition parameters. By noting that the apparent 
first-order rate constant for the condition under which these assumptions 
hold is 0.43 min-l (Table III), Eq. A3 can be obtained: 


k = = 0.047~ (Eq. A3) 21.1 
With this background, the parameters associated with induced lacri- 


mation can be estimated. In the proposed model, they include the induced 
lacrimation rate constant, Qi, and the rate constant, kl, governing its 
decline. In the absence of additional information, the situation consists 
of solving one equation with two unknowns. Consequently, one has less 
confidence in these computed values as compared with others. In any 
event, from Eq. A3, one can obtain p = 13.29 bl/min for k = 0.63 min-1 
(Table 111). Subtracting p,, prim, pW.  and Pnd from p yields a value of 4.89 
pl/min, which presumably can be attributed to induced lacrimation. 
Computer-simulation results suggest a value of 4.75 pl/min for the in- 
duced lacrimation rate constant, whose decline appears to be controlled 
by a rate constant with a value in the order of 2 min-I. Applying these 
estimates to the case in which the ocular surfaces were pretreated with 
epinephrine (Table 111) generates an apparent first-order rate constant 
of 0.2 min-I, which is in only fair agreement with the observed value of 
0.4 min-I. 


Table VI summarizes the values computed for the various parameters 
associated with precorneal disposition of pilocarpine. 
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Abstract 0 Several newly synthesized boron betaine analogs had anti- 
tumor activity in Ehrlich ascites, Walker 256 ascites carcinosarcoma, and 
Lewis lung screens and marginal activity in the B-16 melanotic melanoma 
screen. In uiuo testing demonstrated that trimethylamine-cyanoborane 
inhibited Ehrlich ascites cell DNA and protein syntheses as well as gene 
modulation by chromatin protein phosphorylation and methylation. 
Trimethylamine-cyanoborane increased cyclic-AMP levels. I n  uitro 
testing showed that nuclear DNA polymerase, thymidylate synthetase, 
S-adenosylmethyltransferase, nonhistone chromatin methylation, de- 
oxyribonuclease, ribonuclease, and cathepsin were inhibited by the boron 
analogs. These compounds did not demonstrate high antitumor activity 
a t  the doses employed, but blockage of methyl transfer from S-adeno- 
sylmethionine was established as a feasible method for controlling cell 
proliferation. 


Keyphrases 0 Antineoplastic agents-betaine, boron analogs, metabolic 
effects, protein synthesis, nucleic acid synthesis, methyl transfer Be- 
taine analogs-boron, antineoplastic activity, metabolic effects, protein 
synthesis, nucleic acid synthesis, methyl transfer Protein synthe- 
sis-effect of boron betaine analogs Methylation-effect of boron 
betaine analogs 0 Nucleic acid synthesis-effect of boron betaine ana- 
logs 


Blockage of methyl group transfer from choline uia be- 
taine to L-homocysteine would ultimately inhibit L- 
methionine and protein syntheses. Since S-adenosyl-L- 
methionine requires L-methionine as a precursor, its 
synthesis would be reduced, as would be the availability 
of the methyl transfer from S-adenosyl-L-methionine to 
transfer or ribosomal RNAs and to ribosomal, regulating 
enzyme, and chromatin protein amino acid residues (1-4). 
S-Adenosyl-L-methionine may play a minor role as the 
methyl donor cofactor to the enzyme thymidylate syn- 
thetase (1, 2). Cancer cells have more methylated chro- 
matin protein and nucleotide bases, particularly transfer 
RNA, and higher methyl transferase activity than normal 
tissue. 


Numerous reports cite the utilization of folate cofactor 
antimetabolites to block the methyl transfer to uracil for 
thymine synthesis. Few studies have investigated the 
blockage of methyl transfer from S-adenosyl-L-methionine 
since an initial attempt produced ethionine, the ethyl 
analog of L-methionine, which is a liver carcinogen. A 
boron analog series of possible betaine or choline antime- 
tabolites was selected to test this premise. 


A previous note reported the synthesis of isoelectronic 
and isostructural boron a-amino acid analogs (5) .  Tri- 
methylamine-carboxyborane, the protonated boron analog 
of betaine [(CH&N+CH&OT], its N-ethylamide, and a 
series of related compouqds were prepared from tri- 
methylamine-cyanoborane. Because of their structural 
similarity to betaine, these compounds will be referred to 
as boron betaine analogs. These boron analogs were eval- 
uated for their antineoplastic activity in a number of tumor 
models. 


EXPERIMENTAL' 


Chemistry-Reagents-The following compounds were purchased: 
tert- butylamine borane2 [(CH~)SCNH~:BH~] (I), morpholine borane2 
[O(CHZCHZ)~NHBH~] (111, trimethylamine borane3 [(CH&N:BH3] (1111, 
and dimethyJamine borane3 [(CHa)zNH:BHs] (IV). 
Trimethylamine-cyanoborane [ (CHMVRHzCN] ( V)-Compound 


V was synthesized in high yields (83%) by reacting sodium cyanobo- 
rohydride with trimethylamine hydrochloride in dry tetrahydrofuran 
(7). The product was purified by sublimation, mp  62' [lit. (8) mp 63'1; 
'H-NMR (C6Hs): 6 2.25 (9, CH3) ppm; BH2 not observed. 
Dimethylamine-cyanoborane [(CH&NHBHzCN] (VO-Compound 


VI was synthesized similarly, except that dimethylamine hydrochloride 
was used and produced a 53% yield, mp 55-57' [lit. (9) mp 56-57']; 
'H-NMR (CD3CN): 6 2.0 (q, JBH = 100 Hz, BHz), 2.35 ( t , J H N C H  = 6 Hz, 
CHs),and 4.48 (s,NHz) ppm. 


Anal.-Calc. for C3HgBNz: C, 42.93; H, 10.81; B, 12.88, N, 33.38. Found: 
C, 43.11; H, 10.57; B, 12.66; N,33.17. 


Trimethylamine- N-ethylamidoborane [ (CH3)3NBH& (0)  N- 
(CH2CH3)H] (VI1)-A solution of V (11.9 g, 0.12 mole) and 
(CHsCH2)30BF4 (250 ml, 0.1 N in methylene chloride) was refluxed 
under nitrogen for 24 hr (Scheme I). The reaction mixture was cooled to 
Oo, and 1.0 N NaOH was added slowly with vigorous stirring until the 
solution was basic. After stirring for 1 hr a t  room temperature, the organic 
layer was separated and the aqueous layer was extracted three times with 
methylene chloride. The organic portions were combined and dried over 
magnesium sulfate, and the solvent was removed in uacuo. 


The remaining viscous liquid was distilled in uacuo with minimum 
heating to give VII (13.1 g, 75% yield, bp 80'/0.15 torr); IR4: 3430 (m), 
3350 (vs), 3010 (m), 2990 ( s ) ,  2950 (s), 2890 (m), 2420 (sh), 2370 ( s ,  br), 
2320 (m), 2290 (m), 2240 (w), 2200 (w), 1600 ( s ) ,  1480 ( s ) ,  1460 ( s ) ,  1435 
( s ) ,  1400 (m), 1375 (w), 1345 (w), 1295 (w), 1255 (s) ,  1140 (s) ,  1100 (s), 1050 
( s ) ,  1010 (w), 990 (s) ,  970 (m), 895 (w), 860 ( s ) ,  720 (w), and 670 (w) cm-l; 
'H-NMR (CDC13): 6 1.07 (t, J = 8 Hz, CHZCH~),  2.75 (8 ,  CHaN), 3.57 (m, 
CHZCH9), and 5.43 (broad s, NH) ppm; 13CC-NMR (CDCla): d 15.3 
(CHsCH2), 31.5 (CHzCHa), 51.8 (CH3N). and 182.8 (CO) ppm; IIB 
(CDC13, 50'): 6 7.4 (1:2:1 t, J = 90 Hz) ppm. 


Trimethylamine-carboxyborane [ (CHdaNBHzCOOH] ( VIKI )- 
Compound V (20.8 g, 0.214 mole) and triethyloxonium tetrafluoroborate 
(450 ml, 0.1 N in methylene chloride) were refluxed for 24 hr. The solvent 
and the reaction by-product, boron trifluoride etherate, were removed 
in UQCUO,  and water was added to  the solid residue. After stirring at  room 
temperature for 2-3 days, the solution was extracted with five 75-ml 
portions of methylene chloride. The organic extractions were combined 
and dried over magnesium sulfate, and the solvent was removed in 
uacuo. 


The solid residue was recrystallized from hot water and dried under 
vacuum to give VIII (13.8 g, 55.5% yield, mp 131' dec.); IR3: 3050 (vs, br), 
2950 ( s ) ,  2860 (s, sh), 2720 (m), 2620 (m), 2580 (m), 2380 ( s ) ,  2290 (w). 2210 


(CH~CHZ)~OBFI  I N  v (CH~)~NBH~CNCH~CH;BF;  -+ VII 
NaOH 


Scheme I 


1R spectra were measured on a Perkin-Elmer model 297 spectrometer. Liquid 
samples were run neat between sodium chloride disks, and solid sam les were run 
;s r i tass ium bromide pellets. Elemental analysis was performed gy 'Galhraith 
.a oratories, Knoxville, Tenn. Triethyloxonium tetrafluoroborate was obtained 


commercially as 0.1 N solutions in methylene chloride or wns prepared as described 
inJhe literature (6). 


Alfa Products. 
Aldrich Chemical. 


4 Legend: s = strong, m = medium, w = weak, sh = shoulder, br = broad. and v 
= very. 
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Table I-Boron Analog Toxicity and Antitumor Activity in Rodents 
Lewis Lung, 


Ehrlich Ascites, Walker 256, P-388 Leukemia, B-16 Melanoma, 20 mg/kg/day, 
20 mg/kg/day, 2.5 mg/kg/day, 20 mg/kg/day, 20 mg/kg/day, C57 BL/6 LD50, 


%inhibit on Rats, T/C T/C T/C T/C mBhg 
137 Toxic Toxic Toxic 16 I Toxic 


I1 37 162 117 108 139 475 
111 83 145 113 141 87 740 
IV 96 156 111 90 178 200 
V 98 202 109 143 144 70 


VI 81 103 86 I13 91 39 
VII 69 178 132 145 174 320 


VIII 82 174 98 134 144 1800 
IX 53 125 116 117 154 250 


Ice, Sprague-Dawley DBA/2 Mice, Cs7 BL/6 Mice, Mice, CFI Male Mice, 
Compound CF1 Y 


X 32 
Phenylalanine mustard 99 
Fluorouracil - 
C yclophosphamide - 
Control" 100 
Activity required for significant 80 


activitv 


105 
317 
- 
- 
100 
125 


113 


186 


100 
125 


- 


- 


92 Toxic 100 
- - - 


- - 164 
- 140 - 
I00 100 - 
140 140 - 


O 0.05% Tween 80-water. 


(w), 2165 (w), 2100 (w), 1650 (s, br), 1480 (sh), 1465 (s), 1405 (w), 1360 (w), 
1245 (s), 1125 (s), 1065 (s), 1020 (m), 980 (m), 975 (m), 915 (m), 865 (s), 
810 (m), 725 (w), and 665 (m) cm-1; 1H-NMR (D20): d 2.72 (9, CHsN) and 
4.65 (s, HD0)ppm. 


Anal.-Calc. for C4H12BN02: C, 41.08; H, 10.34; B, 9.24; N, 11.98. 
Found: C, 41.14; H, 10.45; B, 9.23; N, 11.85. 


Trimefhyhmine-iodoborane [(CH&iVBH21] (IX)-This compound 
was prepared using the literature method (10) and was sublimed before 
use, mp 73' [lit. (11, 12) mp 73'1; 'H-NMR (CD2Clz): d 2.82 (s, CHs) 
PPm. 
Hexakis(arnmonia-cyanoborane)sodium Iodide IINa(NH3RH2- 


CN)&I (X)-Compound X was synthesized from ammonia, sodium 
cyanide, and IX and was recrystallized from ether (13). 


Anal.-Calc. for C6H386IN12Na: c ,  14.86; H, 6.24; B, 13.38; N, 34.66. 
Found: C, 15.05; H, 6.37; B, 12.71; N, 34.91. 


Pharmacological Screens-Toxicity studies were carried out in CF1 
male mice (-30 g) using a literature method (14). 


Antitumor screening was carried out a t  doses that preliminary 
screening for V demonstrated to be nontoxic. In the Ehrlich ascites screen, 
lo6 tumor cells were implanted intraperitoneally into CFI male mice (-30 
g). Test compounds were suspended in 0.05% polysorbate 80-water and 
homogenized. Each compound was injected a t  20 mg/kg/day ip. On the 
8th day, the mice were sacrificed. The total ascites tumor volume and 
packed tumor cells (ascrit) volume were determined to calculate the 
percent inhibition (15). Mercaptopurine and melphalan were used as 
positive controls for the screen. 


In the Walker 256 carcinosarcoma screen, lo6 tumor cells were irn- 
planted intraperitoneally into Sprague-Dawley male rats (-80 9). Test 


Table  11-Trimethylamine-cyanoborane (V) Effects on In Vivo 
Ehrlich Ascites Tumor Metabolism 


Percent Control 
Treated. 


In Viuo (n = 6) 


14C-Thymidine incorporation into DNA 
"-Uridine incorporation into RNA 
I4C-Leucine incorporation into protein 
"CAcetic acid incorporation into 


(methyl-14C]-Choline incorporation into 


[methyl-14C]-Choline incorporation into 


[methylJ4C] Xholine incorporation into 


[methyl-14C]-Choline incorporation into 


:i2P-y-ATP incorporation into nonhistones 
.72P-y-ATP incorporation into histones 
Cyclic-AMP level 
Number of tumor cells per milliliter 


cholesterol 


RNA 


protein 


nonhistones 


histones 


100 f 19 33 f 14* 


0.25 mg on 
Days 7,8, and 


Control" 9 


100f 10 4 8 f 4 b  
1 0 0 f 2 4  1 0 0 f 2 9  
1 0 0 f 2 7  1 0 f 2 *  
1 0 0 f 4  7 5 f 6 *  


100 f 11 


100 f 15 


1 0 0 f 2  4 4 f 5 b  


100 f 16 132 f gC 


51 f 13* 


42 f lo* 


1 0 0 f 3  41 f 7 *  
1 0 0 f 8  5 3 f 4 *  
1 0 0 f 5  2 6 9 f 8 "  


0.05% Tween 80. b p = 0.001. c p = 0.005. 


compounds were administered a t  2.5 mg/kg/day ip, and the day of death 
was recorded. The TIC values were calculated according to the NIH 
protocol (16). Melphalan was used as a positive standard. 


Screening was carried out in DBA/2 male mice (-25 g) for the P-388 
lymphocytic leukemia model. On Day 0, lofi cells were implanted intra- 
peritoneally and test compounds were administered a t  20 mg/kg/day. 
The TIC values were calculated from the group survival times (16). 
Fluorouracil was used as a positive standard. 


In the rnelanotic melanoma B-16 screens, 1 g of tumor was homogenized 
in 10 ml of Hanke's balanced salt medium, and 0.5 ml of homogenate was 
implanted subcutaneously in the inguinal region of C57BL/6 male mice. 
Test compounds were administered a t  20 mg/kg/day ip. The T/C values 
were calculated (16). Cyclophospharnide was used as a positive con- 
trol. 


In the Lewis lung screen, 2 X 106 tumor cells were implanted intra- 
muscularly in the hindlegs of C,F,~BL/~ male mice. Test compounds were 
administered a t  20 mg/kg/day ip, and T/C values were calculated. Cy- 
clophosphamide was used as an internal standard. 


The glioma 26 and 261 and ependymoblastoma brain tumor screens 
were carried out in a manner analogous to the B-16 screen. Cyclophos- 
phamide and melphalan were the positive controls. 


Biochemical Assays-Male CFI mice (-30 g )  were implanted in- 
traperitoneally on Day 0 with 106 Ehrlich ascites tumor cells. For the in 
uiuo studies, animals were treated intraperitoneally with 0.25 mg of test 
compounds on Days 7,8, and 9. Animals were sacrificed on Day 10, and 
the ascites fluid was collected from the peritoneal cavity. The number 
of tumor cells per milliliter and the 0.4% trypan blue uptake were de- 
termined with a hemocytometer (17). 


I n  citro enzymatic and oxidative phosphorylation studies were per- 
formed on untreated 10-day Ehrlich ascites cells. 'I'hymidine incorpo- 
ration into DNA was determined (18). One hour prior to sacrifice, 10 pCi 
of (methyl-14C]-thyrnidine (54 rnCi/mmole) was injected intraperitone- 
ally. The DNA was isolated, and the I4C content was determined in 0.496 
2,5-diphenyloxazole and 0.01% 1,4-bis[2-(5-phenyloxazolyl)Jbenzene in 
a solvent of two parts of toluene and one part of octoxynol, corrected for 
quenching. DNA concentration was determined by UV spectropho- 
tometry a t  260 nm using a calf thymus DNA standard. 


Uridine incorporation into RNA was determined in an analogous 
manner utilizing 10 pCi of S-:'H-uridine (24.2 Ci/mmole). RNA was ex- 
tracted (19). Leucine incorporation into protein was determined (20) 
using 1 pCi of 1 -"T-leucine (56.9 mCi/mrnole). The boron analog effect 
on 1 -14C-acetic acid (57.8 mCi/mmole) incorporation into Ehrlich ascites 
cell cholesterol was measured also (21.22). Histone phosphorylation and 
methylation were determined by injecting intraperitoneally 10 pCi of 
(y-:j2P)-ATP (7.97 Ci/rnmole) or  [methylLL4C]-choline chloride (49 
mCi/mmole) 1 hr prior to sacrifice. The nuclei were isolated (23). and the 
histone chromatin protein was extracted (24). 


Nonhistone chromatin phosphorylation and methylation were deter- 
mined on isolated nuclei (25) utilizing 2 mmoles of y-:12P-ATP or 
[methyl-14C]-choline chloride. Chromatin protein was collected on ni- 
trocellulose membrane filters (26). Cyclic-AMP levels were determined 
by a radioimmunoassay (26) using :'H(C)-cyclic-AMP (39.8 Ci/ 
mmole). 
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Table 111-In Vitro Boron Analog Effects on 10-Day Ehrlich Ascites Tumor Enzymatic Activities 


S -  Adenosyl- 
1,-methionine 


DNA Thym idylate Methyl- Methylation of 
Compound Polymerase Synthetase transferase Nonhistone DNase RNase Cathepsin 


(6 PCP) Activity" Activity Activity' Proteind ActivityP Activity/ Activityg 


I 75 f 6 h  44 f 7h 81 f 4' 76 f 4h 7 f 3 h  72 f 14' 8 0 f  12 
I1 65 f 9h 85 f 2h 75 f 12' 53 f 6h 28 f 8h 51 f 16h 53 f 181 


I11 51 i ah 62 f Z h  68 i loh 77 f 8h 10 f 4b 6 8 f  12' 44 f 19h 
IV 71 f 68 f 5h  66 f 7h 78 f 101 19 f 6h 70 f 17' 33 i 15h 
V 


VII 
VIII 


._ - .. 
46 f 3h 48 i 15h 49 f 5h 44 * FJh 14 f 5h 47 i 12h (iu * I3i ~~ ~ 


40 f ah 
37 f fib 


~. ~ ~ 


75 f 9' 
39 f 19h 


95 I10 
47 f 5h 


.. - ~- 
4 7 I  l l h  9 8 f  17 
25 f gh 6 0 f g h  


_ _  - _ _  
19 f 8h 
64 f 20' - - - - - - 53 f 7h 


54 f 4h - - - - - - 
IX 
X - - _ .  - - - Iodoacetate 41 f 4  


Fluorouracil - 39 f 7h 99 f 13 - - 
Control k 100 f 15 100 f 3 100 f 15 100 f 5 1 0 0 5 8  100 f 19 100f 17 


- - 


Control values for 10-day Ehrlich ascites tumor cells were as follows: Q 7561 dpmlmg of protein. 103,328 dpm/mg of protein. 3268 dprn/mg of protein. d 8000 dprn/mg 
of chromatin protein. p 35 pg of DNA hydrolyzedhg of protein/30 min. 24 pg of RNA hydrolyzedhngof proteinl30 min. 8 0.90 mg of protein hydrolyzedlmgof protein/30 
min. p = 0.001. I p = 0.025.j p = 0.005. 0.05% Tween 80-water. 


In oitro DNA polymerase activity was determined on washed (three 
times) isolated nuclei (23). The incubation system was that of Sawada 
et al. (27), except that 2-'4C-deoxythymidylate triphosphate (45 mCi/ 
mmole) was used. The insoluble nucleic acids were collected on glass fiber 
GF/F by vacuum suction. Deoxythymidylate kinase and deoxythymi- 
dylate diphosphate kinase activities were determined by a method (28) 
based on the disappearance of reduced nicotinamide adenosine dinu- 
cleotide a t  340 nm for 20 min. In uitro thymidylate synthetase activity 
was assayed by a method (29) utilizing a postmitochondrial supernate 
(9OOOXg for 10 min) and 5 pCi of 5'-3H-deoxyuridine monophosphate 
(1 1 Ci/mmole). S-Adenosyl-l.-methionine methyltransferase activity was 
determined (30) using S-[methyl-*4C]-adenosyl-~-methionine (53 
mCi/mmole). 


The effects of the boron analogs on the tumor cell hydrolytic enzymes 
were also determined. Deoxyribonuclease activity, a t  pH 5.0, was mea- 
sured by a modification of the deDuve method (31). Ribonuclease and 
cathepsin activities, a t  pH 5.0, were determined by the method of Cho- 
Chung and Gullino (32). In uitro effects of boron analogs on Ehrlich as- 
cites tumor cell oxidative phosphorylation processes were measured (33) 
in the presence and absence of adenosine diphosphate, utilizing succinate 
or a-ketoglutarate as the substrate. Protein was determined by the Lowry 
method (34). 


All in uitro tests were carried out a t  6 pmoles of test compounds/ml 
of assay mixture. In uctro UV binding studies were conducted with test 
compounds (0.2 pg/ml) and DNA (38 pglml) or deoxyguanosine mono- 
phosphate (38 pg/ml) in 0.1 M phosphate buffer, pH 7.2, over a range of 
200-340 nm for 24 hr (22). Data in Tables I1 and I11 are the means of 
control and standard deviation percentages (Y f SD). The probable 
significance level ( p )  was determined by the Student t test (35). 


RESULTS 


Compounds 111-V and VI I l  significantly inhibited Ehrlich ascites 
tumor growth a t  I mglkglday. Compounds I-V, VII, and VIII were sig- 
nificantly active (T/C 2 125) in the Walker 256 carcinosarcoma survival 
screen a t  a relatively low dose, 2.5 mglkglday. In the P-388 lymphocytic 
leukemia screen at  20 mg/kg/day, only VII had significant activity. In the 
B-16 melanoma screen, 111, V, and VII demonstrated significant activity 
(T/C g 140). In the Lewis lung survival system, IV, V, VII, IX, and X 
demonstrated activity a t  20 mg/kg/day. Compound V was inactive in the 
hrain tumor screens, glioma 26 and 261 and ependymoblastoma (Table 
I).  


Boron analog effects on several biochemical events necessary for rapid 
cell proliferation were examined. I4C-Thymidine incorporation into DNA 
for 10-day Ehrlich ascites cells was 280,629 dpm/mg of DNA. DNA syn- 
thesis was inhibited 52% by V, 45% by VII, and 60% by VIII (Table 11). 
"-Uridine incorporation into Ehrlich ascites cell RNA was unaffected 
hy boron analogs. The U V  spectral studies with V, VII, and VIII and DNA 
or deoxyguanosine monophosphate demonstrated no binding between 
drugs and nucleotidei, indicating that the DNA template was intact for 
transcription. 


14C-Leucine incorporation into protein for the 10-day control Ehrlich 
ascites cells was 6238 dpm/mg of protein and was inhibited 90% after V 
administration. Cholesterol synthesis for newly synthesized cell mem- 
branes for the control 10-day tumor was 132,809 dpm/mg of protein. 


Cholesterol synthesis was inhibited 25% by V, 48% by VII, and 62% by 
VIII. The methyl transfer from choline to transfer and ribosomal RNA 
for the control animals was 1086 dpm/mg of RNA, which was inhibited 
49% by treatment with V. 


Protein methylation by the choline donor for the 10-day Ehrlich ascites 
cells was 1225 dpm/mg of protein. Compound V inhibited protein 
methylation 58%. Nonhistone chromatin protein methylation for the 
control was 81 18 dpm/mg of chromatin protein; treatment with V resulted 
in 56% inhibition. Histone methylation was 40,976 dpm/mg of chromatin 
protein for the control, whereas administration of V caused a 32% ele- 
vation. Phosphorylation of the regulatory proteins controlling gene ac- 
tivity was 9803 dpm/mg of nonhistone chromatin protein and 2954 
dpm/mg of histone chromatin protein. Treatment with V resulted in a 
59 and a 65% reduction, respectively, of chromatin protein phosphoryl- 
ation. 


The cyclic-AMP level for 10-day Ehrlich ascites cells was 3.65 
pmoles/l06 cells, which was elevated 169% by V administration. The 
number of tumor cells per milliliter on Day 10 was 223 X 106, which was 
suppressed 67% by treatment with V. The boron analogs were also tested 
for their in uitro effects on specific enzymes of 10-day Ehrlich ascites cells 
(Table 111). Nuclei DNA polymerase activities were suppressed by all 
compounds tested. Compounds V, VII, and VIII possessed the best in- 
hibitory activity: 54,60, and 63% inhibition, respectively. Thymidylate 
mono- and diphosphate kinabe activities were not affected by the boron 
analogs. Thymidylate synthetase activity was inhibited significantly by 
I and V and marginally by 111, IV, and VIII. S-Adenosyl-L-methionine 
transferase activity was inhibited 51% by V and 61% by VIII with mar- 
ginal inhibition by 11-IV and VII. Nonhistone methylation dependent 
on S-adenosyl-L-methionhe-methyltransferase activity was inhibited 
significantly by V (56%) and VIII (53%), with marginal inhibition by 
I-IV. 


Treatment with the boron analogs reduced the activity of deoxyribo- 
nuclease, ribonuclease and cathepsin. Deoxyribonuclease activity was 
affected the most drastically. Compound I reduced activity 93%, I1 7296, 
Ill go%, IV 81%, V 86%. and VIII 76%. Ribonuclease activity was inhibited 
significantly by V (53%) and I1 (4%) with marginal inhibition by I, 111, 
IV, and VIII. Cathepsin activity was reduced 47% by II,56% by III,67% 
by IV, 32% by V and VIII, and 81% by VII. Basal and adenosine diphos- 
phate-stimulated respiration of 10-day Ehrlich ascites cells was unaf- 
fected by V, VII, and VIII a t  6 pmoles. 


DISCUSSION 
The major boron analog effects were on Ehrlich ascites tumor cell 


protein and DNA syntheses. Protein synthesis inhibition may be the 
direct result of the a-amino boron analog on the translocation process 
or by blocking L-methionine synthesis. Enzymes required for DNA 
synthesis are synthesized in the early stages of cell proliferation (32). DNA 
polymerase activity was inhibited significantly whereas thymidylate 
kinases were unaffected by the boron analogs. Elevated cyclic-AMP levels 
resulting from boron analog administration are associated with cessation 
of cholesterol synthesis (361, reduced cellular proliferation, and reduction 
of H-1 hiatone phosphorylation, an event necessary for template activity 
(37). 


Other protein kinases that are modulated by cyclic nucleotide levels 
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are those that phosphorylate nonhistone chromatin proteins which reg- 
ulate transcription and differentiation. Compound V effectively blocks 
nonhistone and histone phosphorylation. The necessary phosphorus is 
derived from the y - P  of ATP, but Ehrlich ascites cell oxidative phos- 
phorylation was not inhibited by the boron analogs. Lysosomal enzymatic 
activity is high prior to  the mitotic apparatus formation, and membrane 
surface proteolytic activity is increased in cells undergoing rapid prolif- 
eration and metastasis (38). Elevated cyclic-AMP levels are associated 
with lysosomal membrane stabilization and blockage of the hydrolytic 
enzyme release (39). 


Deoxyrihonuclease activity was inhibited significantly by the boron 
analogs. Cathepsin proteolytic activity was inhibited moderately. S- 
Adenosyl-la-methionine transferase activity as well as the S-adenosyl- 
1.-methionine-dependent methyl group transfer from choline was in- 
hihited by the boron analogs. Protein and RNA methylation was sup- 
pressed significantly by boron analog treatment (1-4). Chromatin 
methylation is elevated in Novikoff hepatoma (40) and Hela cells (41). 
Cultured pancreatic anlase cells require S-adenosyl-1.-methionine for 
proliferation and differentiation. Conversely, histone methylation by 
protein methylase I11 is highest late in the S and G2 phases, indicating 
a cessation of replication (42). Boron analogs slightly increased histone 
methylation. Thymidylate synthetase activity also was inhibited by these 
agents, apparently producing cell death through thymine deprivation. 


Generally, the degree of methyltransferase inhibition followed the 
antineoplastic activity demonstrated by these boron analogs in the 
Ehrlich ascites screen, with V having the highest activity in both areas. 
Boron betaine analogs are potent inhibitors of the protein synthesis and 
methyl transfer necessary for rapidly proliferating cells. 
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Abstract 0 The effects of progesterone hydroxylation on silicone matrix 
drug release kinetics and thermodynamics were investigated. Hydrox- 
ylation a t  positions 11, 17, and/or 21 substantially reduced progesterone 
release. The magnitude of this reduction depended on the number and 
position of the hydroxy groups and could be attributed to decreased 
polymer matrix diffusivity (D,) and polymer solubility (C,). Thermo- 
dynamically, hydroxy group addition to positions 11 and/or 21 reduced 
the activation energy for matrix diffusion ( E d , , )  but increased the sol- 
vation energy for dissolution in silicone polymer (AHT,,) .  Adding an 
hydroxy group to position 17 increased the Ed.,,, but decreased the MT,,. 
The overall ( E d , ,  + MT,,) values were relatively constant and inde- 
pendent of hydroxylation. 


Keyphrases Dosage forms-controlled release, progesterone from 
silicone matrix, effect of hydroxylation, kinetics, thermodynamics 
Progesterone-controlled-release dosage forms, effect of hydroxylation 
on release from silicone matrix 0 Hydroxylation-progesterone, effect 
on release from silicone matrix Steroids-controlled-release dosage 
forms, progesterone, effect of hydroxylation on release from silicone 
matrix 


The idea of replacing daily drug administration with a 
polymeric controlled-release device has recently generated 
much interest (1). The high silicone polymer steroid per- 
meability has led to development of drug-filled and 
drug-dispersed silicone devices for long-term intrauterine, 
intravaginal, subcutaneous, and transdermal drug ad- 
ministration (2-15). 


An in uitro system for direct, rapid drug release char- 
acterization was recently developed (16). Two types of drug 
release mechanisms, matrix controlled and partition 
controlled, were observed when the drug release profiles 
from silicone devices were followed daily using this system 
(17-19). Controlled drug release kinetics and thermody- 
namics under these two processes were analyzed (18- 
20). 


Normalized steroid permeability coefficients appear to 
depend on the steroidal structure (21). For drugs with a 
high permeability coefficient (across the vaginal mem- 
brane) (Pm), like progesterone, intravaginal absorption is 
mainly controlled by the permeability of the vaginal sur- 
face aqueous hydrodynamic diffusion layer. For drugs with 
a low P m  value, such as hydrocortisone, intravaginal up- 
take is determined mainly by molecular transport across 
the vaginal membrane. This difference in absorption may 
be due to the hydroxy groups in the steroid. The trans- 
dermal permeability constants were also reported to be 
influenced by the presence of hydroxy groups on the pro- 
gesterone molecules (22). 


Effects of hydroxy groups on the controlled-release ki- 
netics and thermodynamics of progesterone and its de- 
rivatives were studied in this investigation as a step in the 
design of controlled-release drug delivery systems. 


EXPERIMENTAL 


Silicone devices were prepared by thoroughly mixing 0.5-2.0 parts of 
progesterone derivative crystals, 7.5 parts of dimethyl polysiloxane 
elastomer', and one part of silicone fluid2 with a rotator? a t  1000 rpm for 
7 min. One drop (0.02 ml) of stannous octoatel, as catalyst, was then in- 
corporated and thoroughly mixed for another minute. The mixture was 
deaerated under vacuum for 4 min and delivered by an extrusion pump4 
into Tygon tubing5 (0.63-cm i.d.). The silicone polymer was allowed to 
cure at 60" for 1 hr. After proper cross-linking, the resulting medicated 
silicone device was removed from the tubing mold and cut into the desired 
lengths for in uitro drug elution studies. 


The in uitro drug elution studies were conducted by immersing one 
medicated silicone device in each test tube containing 10 ml of 50% (v/v) 
polyethylene glycol 400-water. The test tubes were sealed with screw caps 
and shaken at a constant 40 oscillations/min in a water bath thermostated 
a t  37,45,50, or 55O. The medicated silicone devices were transferred to 
new elution solution every 24 hr for 7 days. The drug concentration in 
each test tube was analyzed spectrophotometricallf after appropriate 
dilution with spectral grade methanol. The drug released every 24 hr from 
each device and the drug released from a unit surface area of the device 
(8) were calculated. 


The techniques for determining drug solubility in silicone polymer and 
in 50% (v/v) polyethylene glycol 400-water were reported previously 
(16). 


RESULTS A N D  DISCUSSION 


In Vitro Progesterone Derivative Release-The chemical struc- 
tures and hydroxy group locations of progesterone derivatives are illus- 
trated in Table I. Their in uitro release profiles are shown in Fig. 1. 
Controlled release of progesterone and its hydroxy derivative from sili- 
cone devices a t  steady state followed the matrix-controlled process pre- 
viously seen for other progesterone derivatives (6,19). As expected from 
Eq. 1, the cumulative amount of progesterone derivative released (8) is 
linearly proportional to the square root of time ( t1 l2 )  (18): 


Q = [Dm(2A - C,)C,t]'/2 (Eq. 1) 


where D, is the effective drug diffusivity in the polymer matrix, A is the 
drug content in a unit volume of silicone device, and C, is the drug sol- 
ubility in the silicone polymer. The drug release flux is defined as: 


and can be estimated from the slope of the Q uersus t plots (Fig. 1 ) .  
Hydroxylation of progesterone reduced Q/t This reduction depended 
on the hydroxy group number and location (Table 11). An hydroxy group 
a t  either the 11- or 17-position had the most drastic effect on progesterone 
release from a silicone device, producing a more than fivefold decrease 
in Q/t  compared to a 1.5-fold reduction when the hydroxy group was 
at the 21-position. 


Hydroxy 
groups at the 11- and 21-positions yielded a 13.5-fold reduction in Q/t1/2 
and hydroxy groups at 17 and 21 resulted in a 28-fold decrease. The ad- 
dition of a second hydroxy group at the 17-position had a more significant 


The presence of two hydroxy groups further reduced Q/t 


~ 


1 Silastic 382 medical rode, Dow Corning Corp., Midland, MI 48640. 
Silicone medical flud 360, Dow Corning Corp., Midland, MI 48640. 
Cole-Parmer Instrument, Chicago, IL 60680. 


4 Searle Laboratories, Chicago, IL 60680. 
R5340-3, Norton, Inc., Akron, OH 44309. 
Coleman 124D spectrophotometer (double beam), Perkin-Elmer. 
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Table I-Melting Points of Progesterone Derivatives 0 


Compound R2 I RI I R17 Melting Point" 


I Progesterone 
I1 Desoxycorticosterone 


V Corticosterone 


VII Hydrocortisone 


111 1 la-Hydroxyprogesterone 
IV 17a-Hydroxyprogesterone 


VI 170-Hydroxydesoxycorticosterone 


H 
OH 
H 
H 
OH 
OH 
OH 


H 
H 
OH 
H 
OH 
H 
OH 


H 
H 
H 
OH 
H 
OH 
OH 


129.0' 
141.5' 
165.5' 
215.0' 
181.0' 
216.8' 
220.0" 


Median vulue of the literature melting-point range. 


influence on Q/t lrz than did a second hydroxy group a t  the 11-position 
(compare VI with V). With three hydroxy groups (VII), Q / t 1 l 2  was re- 
duced by 35 times, from 3.068 rng/cm2/day'/* for progesterone to 0.096 
mg/cm2/dayIp2 for hydrocortisone (Table 11). 


Mechanistic Analysis of Hydroxy Group Effects-Equation 2 
suggests that the reductions in Q / t  in response to the addition of hy- 
droxy groups could reflect changes in the progesterone matrix diffusivity 
(D, ) and/or the polymer solubility (C,). Theoretically, hydroxy groups 
should add hydrophilicity and change the progesterone stereochemical 
configuration. 


Equation 2 indicates that Q/t should he linearly dependent on (2A 
- C',)Ir2 (Fig. 2). The slope of Qlt versus (2A - C,)1/2 should be de- 
fined by (D,C,)1/2. I f  the value of C,, the progesterone derivative sol- 
uhility in silicone polymer, is known or experimentally determined, the 
magnitude of D,, the matrix diffusivity in a silicone device, can be cal- 
culated (Table 111). 


The addition of hydroxy groups to progesterone decreased D, and C, 
but increased C,, the solubility of progesterone derivatives in 50% (v/v) 
polyethylene glycol 400-water (Table Ill). The decrease in matrix dif- 
fusivity (I),) could he due to the alterations in the stereochemical con- 
figuration of the progesterone molecule. On the other hand, the increase 
in C., and the decrease in C,  could be related to increased progesterone 
hydrophilicity due to the addition of hydrophilic hydroxy groups. 


If hydroxy groups change progesterone hydrophilicity, they also should 
change the progesterone partitioning behavior from the silicone device 


7 .  


6. 


5. 


F I .  
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d 
E" 
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0.5 1.0 1.5 2.0 2.5 3.0 
DAYP 


Figure I-Linear relationship between the cumulative amount of 
progesterone derivatives released from a unit surface area of silicone 
device ( Q )  and t ime ( t )  in days at 45". 


toward the elution solution. As expected, the Koh. calculated from Cp/Cp 
varied with the number and position of hydroxy groups added (Table 111). 
The partition coefficient. K&, is theoretically related to the standard 
Gibbs free energy (AFd) of desorption, i .e.,  the energy gained by a mol- 
ecule on desorption from the polymer phase into the elution solution 
(23): 


AFd = -RT ln Kohp (Eq. 3) 


If it is assumed (24) that u d  can he expressed additively in terms of 
the individual contributions of the nonpolar progesterone skeleton (Up) 
and the polar hydroxy group (AFoH). then: 


. l F d  = AFp + n ( AFoH) (Eq. 4) 


It is also known that: 


AF, = -RT In K, (Eq. 5) 
where K, is the solution-polymer partition coefficients for progesterone 
itself. Combining Eqs. 3-5 yields: 


or: 


(Eq. 6a)  


(Eq. 66) 


As expected from Eq. 66, the Koba values were first order dependent 
on the number ( n )  of hydroxy groups on the progesterone molecule (Fig. 
3). From the slope (-AFo~/2.303RT) of the linear log K o b  versus n plots, 
the A F ~ H  values were computed (Tahle IV). Depending on the system 
temperature, the addition of hydroxy groups onto the progesterone 
molecule yielded a contribution of M'oH from -1.419 to -1.684 kcal/mole 
to the Cibbs free energy of desorption ( U d ) .  Without the hydroxy 
groups, the progesterone molecule partitioning from a silicone device 
toward an elution solution required a Gibbs free energy of desorption 
(Up) of 0.321-0.108 kcal/mole; with the hydroxy groups, the overall W d  
was improved to -1.098--1.550 kcal/mole (Table IV). In other words, 
the addition of hydroxy groups enhanced the interfacial partitioning of 
the progesterone molecule from a silicone device to an elution me- 
dium. 


As reported previously (24), Kobs for monosubstituted hydroxy pro- 
gesterone was also dependent on the substituent hydroxy group position 
(Table 111). From the following relationship: 


~ F O H  = -2.303RT(log Koha - log K,) (Eq. 7)  


Tab le  11-Hydroxy Group  Effect on Q/ t 
Derivatives through Silicone Device a 


of Progesterone 


Q/t  
Compound mg/cm2/dav1/2 


I 
I1 


111 
IV 
V 


VI 
VII 


3.368 
2.280 
0.663 
0.623 
0.249 
0.120 
0.096 


0 Determined from a silicone device ( A  = 117.4 mg/cm3) in 50% (v/v) polyethylene 
glycol 400-water at  4 5 O .  
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Table 111-Hydroxy Group Effect on the Polymer Matrix Diffusivity (0, l a ,  the Solubilities, and the Solution-Polymer Partition 
Coefficients ( Kobs) of Progesterone Derivatives 


I ) ,  x 102, Solubility, pg/ml f SD 
ComDound cm2/dav C.h C,' K..h,d 


I 
I1 


I11 
IV 
V 


6.34 
451 
2.96 
1.82 
5.82 


353.3 f 16.2 
1402.1 f 75.4' 
575.0 f 31.8 
442.0 f 37.4 
839.0 f 9.2 


594.7 * 32.3 0.59 
205.9 i 5.4 6.81 


9.1 k 0.3 63.2 
26.5 * 1.1 16.7 
1.23 & 0.06 682.1 


VI 4.16 994.1 f 57.5 1.48 * 0.18 671.7 
VII 0.76 3987.6 f 48.2 3.78 f 0.29 1054.9 


a Determined at 45'. * Aqueous solubility in 60% (v/vt polyethylene glycot 400 solution at 3 7 O .  Polymer soluhility in silicone medical fluid (20 cv) at %"I. Ratio of 
C, over C, 


the AFOH values for 21-OH, 17cu-OH, and lla-OH groups were estimated 
to be -1.51, -2.06, and -2.88 kcal/mole, respectively, a t  37O. 


Controlled Drug Release Thermodynamics-The temperature 
dependency of Qlt is defined by the following relationship (19): 


where E d , ,  is the activation energy a drug molecule requires to diffuse 
in a polymer matrix, AHT,, is the energy required for the solvation of 
drug molecules in the polymer structure, R is the gas constant (1.9872 
cal/mole/deg), and T is the absolute temperature. As expected from Eq. 
8, the linear log (Q/t ] I p )  versus T-l was followed very well (Fig. 4). The 
values of ( E d , ,  + AHT,,) for progesterone and its hydroxy derivatives 
were similar, ranging from 13.52 (f1.02) to 16.70 (f0.87) kcal/mole (Table 
V). Compound VI had a slightly higher value (23.62 f 2.44 kcal/mole). 
Except for VI, additional hydroxy groups did not significantly affect the 
total energy requirements for the controlled progesterone derivative 
release. 


Diffusion of drug molecules in the polymer structure is energy de- 
pendent (25); the matrix diffusion (if' progesterone and its hydroxy de- 
rivatives requires the activation energy ( E d , , )  defined in the following 
expression: 


log n, = log nS, - ( - Edm )(') 
2.303R T (Eq. 9) 


The linear relationship between log D, and T-' was followed very well 
for all compounds tested (Fig. S ) .  A significant difference in E d , ,  values 
was noticed among the progesterone derivatives (Table VI). 


The MT., values, which were computed from the difference between 
(Ed,m + MT,,) (Table V) and Ed,,  (Table VI), are also given in Table 
VI. Again, a significant variation in MT,, values was observed from one 
progesterone derivative to another. The results in Table VI suggested 
that hydroxy group addition to position 11 or 21 reduced the matrix 


E - 0.1 1 4 0 


(u - cp)l/a, mgl''/cm"' 


Figure 2-Dependency of Q/t1/2 values on (2A - C,) ' I2 .  The slope is 
defined by (D,C,)'/? Key: 0, progesterone; and 0 ,  hydrocortisone. 


Table IV-Gibbs Free Energies of Desorption of 
Hydroxyprogesterones at Various Tmperatures 


@OH, AFp 3 A F d ,  
TemDerature kcal/mole kcal/mole kcal/mole 


37O 
45" 
50' 
55 


-1.419 0.321 - 1.098 
-1.515 0.256 -1.259 
-1.638 0.108 -1.530 - 1.684 0.134 -1.550 


Table V-Energy Required for the Controlled Release of 
Progesterone and Its Hydroxy-Substituted Derivatives from 
Silicone Devices 


ComDound 


I 15.25 f 2.26 
ri 


111 
IV 
V 


13.52 I i.02 
14.95 f 0.75 
14.30 f 1.42 
16.30 f 0.32 


VI 23.62 f 2.44 
VII 16.70 f 0.87 


0 Mean *SD of the measurements from four drug concentrations (54.25228.81 
mg/cm3) at four temperatures (37-55"). 


4 


3. 


1; 
k0 


s u 


1 


0.0 


-1  .I 1 2 3 4 
n 


Figure 3-Dependence of log Kobr, solution-polymer partition coeffi- 
cient, on the number of hydroxygroups (n) on the progesterone molecule 
(Eq.  6). From the slope, a AFOH value of 1.515 kcallmole was computed 
(45O). 
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Figure 4-Temperature dependence of QIt1l2 of progesterone (0) and 
hydrocortisone (0).  The values of (Ed,,, + ~HT,, , , )  were calculated from 
the slopes as 16.61 and 17.07 kcallmole for progesterone and hydro- 
cortisone, respectively. 


diffusion activation energy (&,m ) but increased the solvation energy 
(UT,~) .  Hydroxy group addition to position 17 increased E d , m  but de- 
creased MT,,,, (Table VI). The addition of more than one hydroxy group 
to the progesterone molecule gave a composite effect. 


The A H T . ~  values can also be determined from the temperature de- 
pendency of drug solubility (C,) in a liquid silicone polymer (19). as ex- 
pected from: 


log C, = constant - - (%R)(+) (Eq. 10) 


A good log C, versus T- l  linearity was achieved experimentally (Fig. 6). 
The A H T , ~  values determined in the liquid silicone polymer (Table VII) 
agreed with the data generated in the polymerized, solid silicone matrix 
(Table VI), except for progesterone derivatives with one hydroxy group 


2.0 t \ 


3 1.2-  


1.0 - 


0.8 - 


0.61 
3.00 3.05 3.10 3.15 3.20 3. 


L 
25 


1 0001 T, K -' 
Figure 5-Temperature dependency of D, (effectioe diffusivity in 
silicone matrix) of progesterone derivatives. 


692 1 Journal of phermaceuticd sciences 
Vol. 68, No. 6, June 1979 


Table VI-Hydroxy Group Effect on the Activation Energy for 
Matrix Diffusion ( E d , m )  and the Solvation Energy (AHT,,,,) of 
Progesterone Derivatives in Silicone Polymer 


E d . m  A H T . ~ .  
Compound kcal/mole kcal/rnole f SD 


I 10.39 4.86 f 2.26 
I1 6.34 7.18 * 1.02 


111 
IV 
V 


VI 
VII 


~ ~~ 


6.88 
12.19 
3.12 


11.04 
14.43 


8.07 f 0.75 
2.11 f 1.42 


13.18 f 0.32 
12.58 f 2.44 
3.01 f 0.50 


Table VII-A&,. and 
Hydroxvl Derivatives 


Values for Progesterone and Its 


Solvation Energies. kcal/mole" 


Compound AHT.~ M T , m c  


I 10.22 5.49 
I1 7.17 8.80 


111 
IV 
V 


v1 
VII 


6.55 
6.11 
7.42 
6.74 
6.48 


7.88 
8.27 


12.99 
8.72 


12.71 
~ ~~ 


Determined a t  four temperatures (37-5.5"). b Solvation energy in 50% (v/v) 
Solvation energy in silicone medical fluid (20 pdyethylene glycol 400 solution. 


CV). 


a t  position 17. Apparently, the addition of an hydroxy group a t  position 
17 produces stereochemical configuration andlor physicochemical 
changes, which become apparent only in a solid polymer matrix and not 
in a polymer fluid. 


The aqueous soluhility (C,) of progesterone and its hydroxy derivatives 
was also temperature dependent (19), as defined by: 


log C, = constant - (Eq. 11) 


As expected from Eq. 11, log C, is linearly dependent on T-I (Fig. 6). The 
hydroxy group addition reduced H T , ~ ,  the solvation energy (by 3.48 i 
0.48 kcallmole) (Table VII), leading to an improvement of aqueous sol- 
ubility (C, in Table 111). However, the number of hydroxy groups did not 


2.0 
I 


0- - 
cp 1.5 
U s 


c 


0 
3.00 3.05 3.10 3.15 3.20 3.25 


l000lT. OK" 
Figure 6-Temperature dependency of polymer solubility (C,) and 
aqueous solubility (C.) of progesterone (. or 0 )  and hydrocortisone (0  
or 0). The AHT,,,, and AHT,~ values were 5.49 and 10.22 kcallmole for 
progesterone and 12.71 and 6.48 kcallmole for hydrocortisone, respec- 
tively. 







change ~ H T , ,  [mean value (fSD) of 6.75 (f0.48) kcal/mole], although 
the more hydroxy groups added, the higher the aqueous solubility. The 
C, value increased 1.25-11.29-fold. 


The data in Table I11 indicated that the addition of an hydroxy group 
a t  position 21 remarkably affected the solution solubility (C8) .  With the 
addition of a 21 -OH group, the C, increased almost fourfold, from 353.3 
(f16.2) (I) to 1402.1 (f75.4) (11) pg/ml. The significance of the 21-OH 
group in progesterone derivative solubility enhancement can be dem- 
onstrated by removing the 21-OH group hy acetylation. Desoxycortico- 
sterone acetate formation reduced C, substantially to 249.9 (52.1) pplml. 
The reduction of C, was accompanied by an increase in A l f ~ , ~ .  the sol- 
vation energy, from 7.17 to 10.99 kcal/mole. For desoxycorticosterone 
acetate, C, and MT,, were very close to the value for progesterone (353.3 
f 16.2 pg/ml and 10.22 kcal/mole, respectively). A similar result was 
achieved when the 21-OH group of hydrocortisone (VII) was acetylated 
to form hydrocortisone acetate. 
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Abstract  0 Body temperature depression was noted in rats, mice, and 
hamsters following intraperitoneal cobaltous chloride administration 
(25 mg/kg). Intracerebral cobalt injection elicited hypothermia in rats 
and mice but not in hamsters. Body temperature depression appeared 
to be centrally mediated in rats and mice and peripherally mediated in 
hamsters. The effect of intraperitoneal and intracerebral pretreatment 
with phentolamine, diphenhydramine, propranolol, cimetidine, and 
naloxone on the mouse rectal temperature response to cobalt (25 mg/kg 
ip) was noted. Systemic phentolamine injection (intraperitoneal) did not 
alter the cobalt response, whereas intracerebral administration partially 
antagonized cobalt-induced hypothermia, indicating that antagonism 
was mediated centrally. Pretreatment with propranolol and cimetidine 
failed to modify the temperature response. Intracerebral diphenhydra- 
mine did not influence cobalt hypothermia. However, this agent reduced 
the cobalt response when given intraperitoneally, presumably through 


a peripheral inhibitory mechanism. The intracerebral injection of nal- 
oxone 30 min prior to cobalt slightly enhanced hypothermia, apparently 
through a central action. Intracerebral 6-hydroxydopamine injection 
depleted brain norepinephrine and dopamine but exhibited no apparent 
influence on cobalt-induced hypothermia. 


Keyphrases Hypothermia-cobaltous chloride induced, effect of 
phentolamine, diphenhydramine, propranolol, cimetidine, naloxone, rats, 
mice, hamsters, species specificity, central versus peripheral effects 0 
Cobaltous chloride-hypothermia, rats, mice, hamsters, effect of phen- 
tolamine, diphenhydramine, propranolol, cimetidine, naloxone, species 
specificity Sympathoplegics-effect on cobaltous chloride-induced 
hypothermia Antihistamines-effect on cobaltous chloride-induced 
hypothermia Narcotic antagonists-effect on cobaltous chloride- 
induced hypothermia 


Many agents interfere with thermoregulatory control 
as a result of their influence on the central nervous system 
(CNS). Intracerebral dopamine and norepinephrine in- 
jections into conscious mice caused hypothermia (1). 
Similarly, histamine and oxotremorine injection into the 


lateral ventricles produced a dose-related fall in body 
temperature (2-4). Hypothermia, due solely to a decrease 
in heat production, was reported following a single central 
morphine injection in rats (5,6). 


Recent studies in this laboratory showed that cobaltous 
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change ~ H T , ,  [mean value (fSD) of 6.75 (f0.48) kcal/mole], although 
the more hydroxy groups added, the higher the aqueous solubility. The 
C, value increased 1.25-11.29-fold. 


The data in Table I11 indicated that the addition of an hydroxy group 
a t  position 21 remarkably affected the solution solubility (C8) .  With the 
addition of a 21 -OH group, the C, increased almost fourfold, from 353.3 
(f16.2) (I) to 1402.1 (f75.4) (11) pg/ml. The significance of the 21-OH 
group in progesterone derivative solubility enhancement can be dem- 
onstrated by removing the 21-OH group hy acetylation. Desoxycortico- 
sterone acetate formation reduced C, substantially to 249.9 (52.1) pplml. 
The reduction of C, was accompanied by an increase in A l f ~ , ~ .  the sol- 
vation energy, from 7.17 to 10.99 kcal/mole. For desoxycorticosterone 
acetate, C, and MT,, were very close to the value for progesterone (353.3 
f 16.2 pg/ml and 10.22 kcal/mole, respectively). A similar result was 
achieved when the 21-OH group of hydrocortisone (VII) was acetylated 
to form hydrocortisone acetate. 
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Abstract  0 Body temperature depression was noted in rats, mice, and 
hamsters following intraperitoneal cobaltous chloride administration 
(25 mg/kg). Intracerebral cobalt injection elicited hypothermia in rats 
and mice but not in hamsters. Body temperature depression appeared 
to be centrally mediated in rats and mice and peripherally mediated in 
hamsters. The effect of intraperitoneal and intracerebral pretreatment 
with phentolamine, diphenhydramine, propranolol, cimetidine, and 
naloxone on the mouse rectal temperature response to cobalt (25 mg/kg 
ip) was noted. Systemic phentolamine injection (intraperitoneal) did not 
alter the cobalt response, whereas intracerebral administration partially 
antagonized cobalt-induced hypothermia, indicating that antagonism 
was mediated centrally. Pretreatment with propranolol and cimetidine 
failed to modify the temperature response. Intracerebral diphenhydra- 
mine did not influence cobalt hypothermia. However, this agent reduced 
the cobalt response when given intraperitoneally, presumably through 


a peripheral inhibitory mechanism. The intracerebral injection of nal- 
oxone 30 min prior to cobalt slightly enhanced hypothermia, apparently 
through a central action. Intracerebral 6-hydroxydopamine injection 
depleted brain norepinephrine and dopamine but exhibited no apparent 
influence on cobalt-induced hypothermia. 


Keyphrases Hypothermia-cobaltous chloride induced, effect of 
phentolamine, diphenhydramine, propranolol, cimetidine, naloxone, rats, 
mice, hamsters, species specificity, central versus peripheral effects 0 
Cobaltous chloride-hypothermia, rats, mice, hamsters, effect of phen- 
tolamine, diphenhydramine, propranolol, cimetidine, naloxone, species 
specificity Sympathoplegics-effect on cobaltous chloride-induced 
hypothermia Antihistamines-effect on cobaltous chloride-induced 
hypothermia Narcotic antagonists-effect on cobaltous chloride- 
induced hypothermia 


Many agents interfere with thermoregulatory control 
as a result of their influence on the central nervous system 
(CNS). Intracerebral dopamine and norepinephrine in- 
jections into conscious mice caused hypothermia (1). 
Similarly, histamine and oxotremorine injection into the 


lateral ventricles produced a dose-related fall in body 
temperature (2-4). Hypothermia, due solely to a decrease 
in heat production, was reported following a single central 
morphine injection in rats (5,6). 


Recent studies in this laboratory showed that cobaltous 
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Table I-Body Temperature  Changes 30 min a f t e r  l t racerebral  
Cobaltous Chloride Injection in Various Species 


~ ~~ ~ ~~ 


Water" Cobaltous Chloride" 
Temperature Temperature 


Initial Change Initial Change 
Species Temperature (Mean f S E ) *  Temperature (Mean f S E ) *  


Mice 37.19' -0.12 f 0.04" 37.24' -4.08 f 0.19'' 
Rats 37.67' +0.03 f 0.09" 37.69" -3.56 f 0.18'' 
Hamsters 37.24' -0.26 f 0.13" 37.46" -0.18 f 0.16' 


0 Each animal received 0.01 ml of water or a 0.25% cobaltous chloride solution. * Temperature changes re resent the difference between body temperature re- 
corded initially and that ogtained 30 min following water o r  cobalt treatment in 
groups of 12 animals. Compared to water in the corresponding species, p < 
0.05. 


chloride causes pronounced hypothermia in mice, appar- 
ently through a centrally mediated decrease in heat pro- 
duction (7). Although pretreatment with atropine, hexa- 
methonium, and nicotine failed to  modify the cobalt re- 
sponse, a partial antagonism was noted after pretreatment 
with chlorpromazine. 


This paper describes cobalt-induced hypothermia and 
modification of this response by pretreatment with his- 
taminergic, noradrenergic, or "opioid" receptor blocking 
agents. 


EXPERIMENTAL 


Animals-The experiments were performed on male Swiss albino 
mice, 18-25 g, on iiiale Wistar rats, 140 -160 g, and on male Syrian ham- 
sters, 50-70 g. The animals were housed in groups of six to 20 with ad  li- 
bitum access to laboratory food' and water for at  least 3 days prior to use. 
For 24 hr before and including the time of the experiment, the animals 
were kept in a room free from drafts a t  a constant environmental tem- 
perature (23 f 1'). 


Drugs-Fresh drug and chemical solutions were prepared with dis- 
tilled water in concentrations (calculated as the salt) 0.01 ml/g of body 
weight. Intracerebral injections were administered in a fixed volume of 
0.01 ml/animal. Cobaltous chloride2, phentolamine mesylate3, pro- 
pranolol hydrochloride4, diphenhydramine hydrochloride", cimetidine 
hydrochloride6, naloxone hydrochloride', and 6-hydroxyd~pamine~ were 
used. 


Body Temperature Recording-A thermistor thermometer9 was 
used for obtaining body temperature. Rectal temperatures were recorded 
with a thermistor probe inserted -2.5 cm (5 cm for rats) and held in po- 
sition until constant readings were attained. 


A t  the start of daily testing, the animals were placed singly in circular 
wire-mesh cages and individual weights were recorded with a triple-beam 
balance1". Immediately following weight determination, initial temper- 
atures were recorded and treatments were administered. Temperatures 
were recorded again a t  various intervals. Unless otherwise stated, treat- 
ments were intraperitoneal, Control animals received distilled water (0.01 
ml/g). To study the influence of various drugs on cobalt-induced hypo- 
thermia, pretreatment injections (water, phentolamine, propranolol, 
diphenhydramine, cimetidine, naloxone, and 6-hydroxydopamine) were 
given a t  specified intervals prior to recording initial temperatures. 


Intracerebral  Injections-Intracerebral injections were carried out 
according to a literature method (8). Agents were injected 2 mm lateral 
to the midline on a line joining the anterior bases of the ears. A 27-gauge 
needle attached to a microliter syringe" was inserted perpendicularly 
through the skull to a depth of 3 mm. Similar prior injection of several 
animals with methylene blue (0.5%) resulted in dye localization in the 
third and fourth ventricles. 


Wayne Lab-Hlox. 
J. T. Baker Chemical Co. 


3 Ciba Pharmaceutical CO. 
Ayerst Laboratories. 
Parke-Davis & Co. 
SK&F Lab Co. 
Endo Laboratories. 
Sigma Chemical Co. 
Model 46 Tele-Thermometer, Yellow Springs Instrument Co., Yellow Springs, 


Ohio. 
l o  Ohaus. 
1 I  Hamilton. 
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Figure I-Time course of the effect of 0.01 mllg ip distilled water ( -  - -)  
and cobaltous chloride (25 mglkg ip)  (-1 on rectal temperature in 
hamsters (A), rats ( O ) ,  and mice (m), Water or cobaltous chloride were 
administered at zero time. Open symbols denote significant difference 
( p  < 0.05) from water treatment a t  the corresponding time interval. 
Each point represents the average of 12 determinations. Vertical bars 
represent standard errors. 


Catecholamine Assay-Dopamine and norepinephrine were ex- 
tracted from the brain and quantitated as the trihydroxyindoles (9). 
Amines were isolated from deproteinized brain homogenates by chro- 
matography on a cation-exchange resinI2. The individual amines were 
quantitated fluorometricallyI3 with standard curves relating relative 
fluorescence to concentration. 


Statistics-Results are expressed as mean f standard error. Signifi- 
cance was calculated using the Student t test. Differences were considered 
significant a t  the probability level of 5% or less. 


RESULTS 


Core temperature changes were recorded a t  various intervals for 5 hr 
following cobaltous chloride administration (25 mgkg ip) to unrestrained 
mice, rats, and hamsters (Fig. 1). Maximum body temperature depression 
(-1.2') was evident 30 min after cobalt injection in hamsters. Hypo- 
thermia duration in this species was -90 min. Cobaltous chloride caused 
more body temperature depression in rats (3.2O) and mice (4.1'). In each 
case, maximum hypothermia occurred within 30 min. A 4-hr hypothermia 
duration was noted in rats and mice. 


Body temperature changes were noted 30 min after intracerebral co- 
haltous chloride injection (25 pg) in mice, rats, and hamsters (Table I). 
Mice and rats exhibited respective drops of 4.08 and 3.56'. Visible shiv- 
ering and increased muscle tone were absent throughout the body tem- 
perature response. In both species, hypothermia was accompanied by 
depression of locomotor activity. Cobaltous chloride failed to elicit a 
significant body temperature depression when injected intracerebrally 
in hamsters. 


l2 Dower 50-X8. 
l 3  Aminco-Bowman SPF spectrophotofluorometer. 
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Table 11-Effect of Intraperitoneal (ip) and Intracerebral  (ic) Pretreatment with Various Agents on the Hypothermic Response t o  
Cobakous Chloride in Mice 


Pretreatment" 


Water Cobaltous Chloride (25 mg/kg) 
Temperature Temperature 


Initial Change Initial Change 
Route Dose Temperature (Mean f Temperature (Mean f SE)b 


Water 
Water 
Phentolamine mesylate 
Phentolamine mesylate 
Propranolol hydrochloride 
Pro ranolol hydrochloride 
D' ip enhydramine hydrochloride 
Diphenhydramine hydrochloride 
Cimetidine hydrochloride 
Cimetidine hydrochloride 
Naloxone hydrochloride 
Naloxone hydrochloride 


37.36' 
37.11' 
37.20' 
36.72' 
37.13' 
36.59" 
37.24" 
37.10' 
37.36' 
37.42" 
37.60' 
37.44' 


+0.01 f 0.07' 
-0.10 f 0.07' 
-0.12 f 0.10' 
-0.24 f 0.07' 
+0.10 f 0.08' 


+0.09 f 0.08' 
+0.03 f 0.08' 


-0.21 f 0.15' 


-0.05 f 0.07' 
-0.17 f 0.09' 
-0.06 f 0.05' 
-0.02 f 0.09' 


37.45' -4.28 f 0.22'' 
37.08' -3.93 f 0.11'd 
37.21' -4.14 f 0.25' 
36.85' -3.05 f 0.150e 
37.54' -4.68 f 0.23' 
36.78" -4.06 f 0.14' 
37.38' -3.48 f 0.14'1 
37.07' -3.85 f 0.14' 
37.46' -4.13 f 0.13' 
37.1 2' -4.03 f 0.16' 
37.96' -4.18 f 0.12' 
37.30' -4.45 f 0.110e 


0 Pretreatments were administered 30 min before intraperitoneal water and cobalt to groups of 30 animals. Temperature changes represent the difference between 
Compared to intraperitoneal water-intraperitoneal water (pretreatment-treatment), 


Compared to intracerebral water-intraperitoneal cobalt (pre- 
hody temperature recorded initially and that obtained 30 min after treatment. 
p < 0.05. d Compared to intracerebral water-intraperitoneal water (pretreatment-treatment), p < 0.05. 
treatment-treatment), p < 0.05. Compared to intraperitoneal water-intraperitoneal cobalt (pretreatment-treatment), p < 0.05. 


Table 111-Effect of Intracerebral  Pretreatment with 6-Hydroxydopamine on the Hypothermic Response to Cobaltous Chloride in 
Mice 


Pretreatment- Water (0.01 ml/g ip) Cobaltous Chloride (25 mg/kg ip) 
Treatment Temperature Temperature 
Interval, Initial Change Initial Change 


Pretreatment" davs TemDerature (Mean f.SE)b TemDerature (Mean f S E ) b  


VehicleC 14 38.63' -0.31 f 0.11' 38.56' -5.31 f 0.25' 
6-H ydroxydopamine 14 38.84' -0.36 f 0.10' 38.31' -5.42 f 0.30' 
Vehicle 42 38.62' -0.39 f 0.11' 38.79' -5.41 f 0.30°e 
6-Hydroxydopamine 42 38.78' -0.30 f 0.07' 38.81' -5.34 f 0.32' 


0 Pretreatments (intracerebral) were administered 14 and 42 days before intraperitoneal water and cobaltous chloride to groups of 18 mice. Temperature changes 
Aqueous ascorbic acid solution (0.5%) with pH adjusted 


Compared to vehicle-water (pretreatment- 
represent the difference between body temperature recorded initially and that obtained 30 min after treatment. 
to 6.5. d Compared to vehicle-water (pretreatment-treatment) at the 14-day pretreatment-treatment interval, p < 0.05. 
treatment) at the 42-day pretreatment-treatment interval, p < 0.05. 


The effect of intraperitoneal and intracerebral pretreatment with 
phentolamine mesylate, propranolol hydrochloride, diphenhydramine 
hydrochloride, cimetidine hydrochloride, and naloxone hydrochloride 
on the body temperature response to cobaltous chloride (25 mg/kg) in 
mice is shown in Table 11. Pretreatment doses were incapable of causing 
significant body temperature alteration. Intracerebral phentolamine 
administration partially attenuated the hypothermic response to cobalt. 
Phentolamine produced no significant effect upon cobalt hypothermia 
when given intraperitoneally. Propranolol did not modify cobalt-induced 
hypothermia by either the intraperitoneal or intracerebral route. Sys- 
temic diphenhydramine administration partially inhibited cobalt hy- 
pothermia. No antagonism occurred following intracerebral adminis- 
tration. Cobaltous chloride-induced body temperature depression was 
not significantly altered by intraperitoneal naloxone, but a hypothermia 
potentiation was observed after intracerebral naloxone. 


Table I11 describes the effect of intracerebral 6-hydroxydopamine 
pretreatment (100 pg) on the hypothermic response to cobaltous chloride 
(25 mg/kg ip) in mice. Pretreatment 14 and 42 days prior to cobalt 
treatment did not affect the body temperature response. 


At  14 days following intracerebral6-hydroxydopamine injection, mouse 
brain norepinephrine and dopamine concentrations were reduced by 
59.09 and 71.43%, respectively (Table IV). A similar reduction in cate- 
cholamine concentrations was noted 42 days after the central adminis- 
tration of 6-hydroxydopamine. 


DISCUSSION 


The body temperature response to cobaltous chloride was species de- 
pendent. Hypothermia intensity and duration were greater in rats and 
mice than in hamsters. 


Intracerebral cobalt injection did not produce hypothermia in hamsters 
but did produce body temperature depression in mice and rats, appar- 
ently through a central mechanism. The small drop in hamster body 
temperature produced by intraperitoneal injection was probably due to 
peripheral activity. 


Since catecholamine, histamine, and opioid receptor stimulation within 
the CNS is associated with hypothermia in mice (1, 10-12), it seemed 
logical that cobalt might accomplish body temperature depression 


through i t s  influence on one or more of these receptive sites. Intracerebral, 
but not systemic, phentolamine partially antagonized cobalt-induced 
hypothermia. I t  is possible, therefore, that cobalt hypothermia is me- 
diated, in part, either through a direct influence on a-adrenergic receptors 
or through norepinephrine release within the CNS. 


The absence of an intracerebral or intraperitoneal propranolol effect 
on cobalt hypothermia indicates that cobalt does not act through central 
or peripheral @-receptors. 


The HI and Hz receptor blocking agents diphenhydramine and cime- 
tidine did not modify cobalt hypothermia when injected intracerebrally 
and intraventricularly, respectively. Cobalt hypothermia apparently is 
not mediated through activity upon central H1 or Hz receptors. 


On the other hand, intraperitoneal diphenhydramine partially anta- 
gonized the temperature response to cobalt. Cobalt-induced hypothermia 
may be mediated, in part, peripherally either through histamine release 
or through a direct influence on HI receptors. 


Intracerebral naloxone slightly enhanced cobalt-induced hypothermia, 
apparently through a central action. 


The catecholamine-depleting agent 6-hydroxydopamine markedly 
reduced brain norepinephrine and dopamine levels (-59 and 72%, re- 
spectively) at  2 and 6 weeks following pretreatment (Table IV). However, 
6-hydroxydopamine had no effect on cobalt hypothermia. It is possible, 
therefore, that cobalt produces hypothermia through mechanisms other 
than norepinephrine or dopamine release. Over a period of time, however, 
receptors for these amines may have become "supersensitive." Thus, less 
released norepinephrine or dopamine could have caused a more intense 
response. 


Little information is available concerning brain dopamine depletion 
in mice following central 6-hydroxydopamine administration. Tabakoff 
and Ritzmann (13) reported that intracerebrally administered 6-hy- 
droxydopamine (50 pg) depleted norepinephrine but had little effect on 
dopamine and serotonin levels. The present results show that intrace- 
rebral6-hydroxydopamine (100 pg) depleted mouse brain dopamine. 


Previous experiments in this laboratory showed that cobalt-induced 
hypothermia is partially attenuated by chlorpromazine pretreatment 
(7). Antagonism in the case of this phenothiazine was not mediated 
through a central anticholinergic action, since atropine, as well as nicotine, 
failed to achieve a similar blockade. In addition to anticholinergic activity, 
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Table IV-Intracerebral6-Hydroxydopamine Effect on Norepinephrine and  Dopaminc Concentration in Mice Brains 


Norepinephrine Dopamine 
Days 6-Hydrox y- 6-Hydroxy- 
after Vehicle", dopamine, Vehicle, dopamine, 


Injection" Pglg f SE P g k  f SE Change, % Pglg f SE Pgk! f SE Change, % 


14 0.308 f 0.02 0.126 f 0.03c -59.09 0.287 f 0.03 0.082 f 0.03' -71.43 
42 0.336 f 0.01 0.135 f 0.03c -59.82 0.298 f 0.02 0.082 f 0.02' -72.48 


~~~~~~ ~ ~ 


The mice brains (grou s of six) were removed and assayed for catecholamine content 14 and 42 days following the intracerebral water or 6-hydroxydopamine injection 
(100 pg).  .b Aquenus ascorpic acid solution (0.5%) with pH adjusted to 5.5. Compared to the appropriate vehicle, p < 0.05. 


chlorpromazine possesses adrenolytic and antihistaminic qualities (14). 
Chlorpromazine may partially reverse the cobalt response through a 
central a-receptor blockade andlor peripheral anti histaminic activity. 
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Abstract  N-Carbobenzoxy L-phenylalanine, glycine, L-leucine, and 
L-proline derivatives, their vinyl esters, and their 1,2-dibromoethyl esters 
were tested for antifertility activity in mice. Intraperitoneal adminis- 
tration reduced the pregnancy percentage and the number of fetuses per 
litter. lntravaginal administration reduced the pregnancy percentage 
significantly, with N-carbobenzoxyglycine vinyl ester, N-carbobenzox- 
yglycine-l,2-dibromoethyl ester, N-carhobenzoxy-~-leucine-1,2-dibro- 
moethyl ester, and N-carbobenzoxy-1.-proline-1,2-dibromoethyl ester 
producing 100% inhibition a t  10 mg/kg/day. Sperm enzyme hydrolysis 
of the nonspecific substrate azocasein was inhibited significantly by 
certain N-carhobenzoxy amino acid esters in uitro. Specific substrate 
N-benzoyl-1.-arginine ethyl ester hydrolysis was also inhibited. Com- 
pounds that inhibited N-benzoyl-L-arginine ethyl ester hydrolysis also 
demonstrated in viuo intravaginal antifertility activity. 


Keyphrases Carbohenzoxy amino acid esters-contraceptive activity, 
antiproteolytic activity, mice Contraceptives, potential-activated 
N-carbobenzoxy amino acid esters, mice Enzyme activity-effect of 
activated N-carbobenzoxy amino acid esters on sperm proteolysis, mice 


Sperm--enzymes, effect of N-carbobenzoxy amino acid esters, mice 


Recently, numerous activated N-protected amino acid 
esters were synthesized as possible latent proteolytic in- 
hibitors (1,2). These agents resemble known trypsin and 
chymotrypsin inhibitors. Certain members of the series 
effectively inhibited in uiuo cathepsin activity and in uitro 
chymotrypsin activity (3). Since proteolytic enzyme in- 


hibitors block sperm acrosin activity, capacitation, and 
fertility, the effects of this series on reproduction were 
investigated. 


EXPERIMENTAL 


Chemistry-N-Carbobenzoxy-L-phenylalanine (I), N-carbobenz- 
oxyglycine (II), N-carbobenzoxy-L-leucine (III), and N-carbobenzoxy- 
I,-proline (IV) were prepared by the standard procedure (4) (Table I). 
The N-carbobenzoxy amino acids were converted to the corresponding 
vinyl esters V, VI, VII, and VIII by refluxing with vinyl acetate in the 
presence of palladium chloride and were purified by column chroma- 
tography. The vinyl esters were treated with bromine in chloroform to 
give the 1,2-dibromo esters IX, X, XI, and XII, which were purified by 
fractional crystallization or column chromatography (1, 2). N -  
ru-Tosyl-I.-lysylchloromethyl ketone (XIII), tosyl-L-phenylalanylchlo- 
romethyl ketone (XIV), carbobenzoxy-L-phenylalanine chloromethyl 
ketone (XV), 17-ethinyl estradiol (XVI), and diethylstilbestrol (XVII) 
were purchased'. 


Antifertility Screens-For 28 days, virgin CFI female mice (-28 g), 
which had been isolated for 4 weeks, were administered test compounds 
suspended in 1% carboxymethylcellulose a t  10 mg/kg/day (0.2 ml) ip. On 
Day 10, female mice were exposed to male mice (two females per male) 
for the remainder of the experiment. Male mice were rotated once a week 
to assure fertility. On gestation Days 17-21, the females were sacrificed; 


1 Sigma Chemical Co. or Cyclo Chemicals 
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Table IV-Intracerebral6-Hydroxydopamine Effect on Norepinephrine and  Dopaminc Concentration in Mice Brains 


Norepinephrine Dopamine 
Days 6-Hydrox y- 6-Hydroxy- 
after Vehicle", dopamine, Vehicle, dopamine, 


Injection" Pglg f SE P g k  f SE Change, % Pglg f SE Pgk! f SE Change, % 


14 0.308 f 0.02 0.126 f 0.03c -59.09 0.287 f 0.03 0.082 f 0.03' -71.43 
42 0.336 f 0.01 0.135 f 0.03c -59.82 0.298 f 0.02 0.082 f 0.02' -72.48 


~~~~~~ ~ ~ 


The mice brains (grou s of six) were removed and assayed for catecholamine content 14 and 42 days following the intracerebral water or 6-hydroxydopamine injection 
(100 pg).  .b Aquenus ascorpic acid solution (0.5%) with pH adjusted to 5.5. Compared to the appropriate vehicle, p < 0.05. 


chlorpromazine possesses adrenolytic and antihistaminic qualities (14). 
Chlorpromazine may partially reverse the cobalt response through a 
central a-receptor blockade andlor peripheral anti histaminic activity. 
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Abstract  N-Carbobenzoxy L-phenylalanine, glycine, L-leucine, and 
L-proline derivatives, their vinyl esters, and their 1,2-dibromoethyl esters 
were tested for antifertility activity in mice. Intraperitoneal adminis- 
tration reduced the pregnancy percentage and the number of fetuses per 
litter. lntravaginal administration reduced the pregnancy percentage 
significantly, with N-carbobenzoxyglycine vinyl ester, N-carbobenzox- 
yglycine-l,2-dibromoethyl ester, N-carhobenzoxy-~-leucine-1,2-dibro- 
moethyl ester, and N-carbobenzoxy-1.-proline-1,2-dibromoethyl ester 
producing 100% inhibition a t  10 mg/kg/day. Sperm enzyme hydrolysis 
of the nonspecific substrate azocasein was inhibited significantly by 
certain N-carhobenzoxy amino acid esters in uitro. Specific substrate 
N-benzoyl-1.-arginine ethyl ester hydrolysis was also inhibited. Com- 
pounds that inhibited N-benzoyl-L-arginine ethyl ester hydrolysis also 
demonstrated in viuo intravaginal antifertility activity. 


Keyphrases Carbohenzoxy amino acid esters-contraceptive activity, 
antiproteolytic activity, mice Contraceptives, potential-activated 
N-carbobenzoxy amino acid esters, mice Enzyme activity-effect of 
activated N-carbobenzoxy amino acid esters on sperm proteolysis, mice 


Sperm--enzymes, effect of N-carbobenzoxy amino acid esters, mice 


Recently, numerous activated N-protected amino acid 
esters were synthesized as possible latent proteolytic in- 
hibitors (1,2). These agents resemble known trypsin and 
chymotrypsin inhibitors. Certain members of the series 
effectively inhibited in uiuo cathepsin activity and in uitro 
chymotrypsin activity (3). Since proteolytic enzyme in- 


hibitors block sperm acrosin activity, capacitation, and 
fertility, the effects of this series on reproduction were 
investigated. 


EXPERIMENTAL 


Chemistry-N-Carbobenzoxy-L-phenylalanine (I), N-carbobenz- 
oxyglycine (II), N-carbobenzoxy-L-leucine (III), and N-carbobenzoxy- 
I,-proline (IV) were prepared by the standard procedure (4) (Table I). 
The N-carbobenzoxy amino acids were converted to the corresponding 
vinyl esters V, VI, VII, and VIII by refluxing with vinyl acetate in the 
presence of palladium chloride and were purified by column chroma- 
tography. The vinyl esters were treated with bromine in chloroform to 
give the 1,2-dibromo esters IX, X, XI, and XII, which were purified by 
fractional crystallization or column chromatography (1, 2). N -  
ru-Tosyl-I.-lysylchloromethyl ketone (XIII), tosyl-L-phenylalanylchlo- 
romethyl ketone (XIV), carbobenzoxy-L-phenylalanine chloromethyl 
ketone (XV), 17-ethinyl estradiol (XVI), and diethylstilbestrol (XVII) 
were purchased'. 


Antifertility Screens-For 28 days, virgin CFI female mice (-28 g), 
which had been isolated for 4 weeks, were administered test compounds 
suspended in 1% carboxymethylcellulose a t  10 mg/kg/day (0.2 ml) ip. On 
Day 10, female mice were exposed to male mice (two females per male) 
for the remainder of the experiment. Male mice were rotated once a week 
to assure fertility. On gestation Days 17-21, the females were sacrificed; 


1 Sigma Chemical Co. or Cyclo Chemicals 
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k 'CH; 
Table  I-Structures of the  N-Carbobenzoxy-Activated Amino Acids 1-11], V-VIL I X  -XI IV, VlIl , XI1 


Preparation 
,Method 


Compound R RI Melting Point (Reference) 
~ 


I N-Carbobenzoxy-L-phenylalanine -H 86-89' 4 


I1 N-Carbobenzoxyglycine -H -H 117-119.5O 4 
Oil 4 I11 N-Carbobenzoxy-L-leucine --CHzCH(CHs)z - 


VI N-Carbobenzoxyglycine vinyl ester -H -CH=CHz Oil 2 
VII N-Carbobenzoxy-L-leucine vinyl ester -CHZCH(CH~)Z -C H=C H 2 Oil 2 


V N-Carbobenzoxy-L-phenylalanine vinyl ester - c n L a  -CH=CHz Oil 1 


IX N-Carbobenzoxy-~-phenylalanine-1,2-dibro- -w -CHBr-CHzBr Oil 


X N-Carbobenzoxyglycine-1,2-dibromoethyl -H -CHBr- Oil 


XI N-Carbobenzoxy-~-leucine-1,2-dibromoethyl -CH&H(CH3)2 -CHBr- 60-61 " 
IV N-Carbobenzoxy-L-proline -H Oil 


VIII N-Carbobenzoxy-L-proline vinyl ester -CH=CHZ Oil 
XI1 N-Carbobenzoxy-1,-proline-1,2-dibromoethyl -CHBr-CHZBr Oil 


moethyl ester 


ester CHZBr 


ester CH2Br 


ester 
~ ~~ 


Table 11-Antifertility Screen of Activated Esters of N-Carbobenzoxy Amino Acids in CFI  Females at 10 mg/kg/day 


Compound 


Intraperitoneal Administration Intravaginal Administration 
Number Number of Number of Number of 
of Viable Intrauterine Viable Intrauterine 


Percent Fetuses Deaths Percent Fetuses Deaths 
n Pregnant per Litter per Litter n Preanant per Litter per Litter 


I 
I1 


I11 
IV 
V 


VI 
VII 


VIII 
IX 
X 


XI ~ ~~ 


XI1 
XI11 
XIV xv 
XVI 


XVII 
1% Carboxymethylcellulose 
40% Lactose 
6% Carboxvmethvlcellulose 


7 
7 
7 
8 
10 
8 
8 
6 
6 
8 
8 
8 
7 


8 
8 
8 
8 


- 


- 
- 


28 
57 
71 
38 
100 
12 
62 
43 
67 
38 
38 
31 
71 


88 
0 
0 


12.0 f 3 


- 


- 
- 


7.5 
8.5 
7.5 
9.6 
10.7 
11.0 
11.8 
7.3 
8.0 
10.3 
12.4 
12.4 
8.6 


11.6 
0.0 
0.0 
0.48 


- 


- 
- 


0.00 
0.00 
0.40 
0.33 
0.10 
0.00 
0.00 
0.00 
0.16 
0.25 
0.13 
0.13 
0.20 


0.14 
0.0 
0.0 


- 


- 
- 
- 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
7 
8 
8 
- 
- 
- 
8 
8 


25 
25 
12 
25 
25 
0 
25 
25 
25 
0 
0 
0 
0 
0 
38 
- 
- 
- 


100 
75 


6.5 
9.5 
7.0 
8.0 
7.0 
0.0 
7.0 
10.5 
8.5 
0.0 
0.0 
0.0 
0.0 
0.0 
9.0 
- 
- 
- 


11.0 
8.8 


0.0 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
- 
- 
- 
0.70 
0.66 


the viable fetuses, intrauterine deaths, and implantation sites were 
tabulated (5,6). Viable fetuses were examined for teratogenic effects as 
outlined previously (7). 


For intravaginal testing, the compounds were homogenized in 40% 
lactose or 6% carboxymethylcellulose and administered a t  10 mg/kg/day 
(0.03-0.05 ml) for 28 days using a tuberculin syringe without the needle 
or a low dose (0.5-ml) insulin syringe with a l-lOO-/J eppendorf pipet tip 
modified to fit the syringe. On Day 10 and all subsequent days, females 
were exposed to males for 1 hr and the previously described protocol was 
followed. Dose-response curves for intravaginal administration were 
obtained over the O.E+lO-mg/kg/day range. Activated N-protected amino 
acid ester toxicity (LDso) in CF1 male mice (-30 g) was determined 
(8). 


Enzymatic Studies-The acrosin enzyme was isolated from the epi- 
didymides of four Sprague-Dawley rats (-250 g) or 10 CFI mice (-30 
9). The epididymides were sliced in 0.25 M sucrose-0.001 M disodium 
(ethylenedinitrilo)tetraacetate, pH 6.5. The sperm suspension was filtered 
through two sterile cheesecloth layers to remove debris, centrifuged at 
6OOxg for 15 min using a swinging bucket-type rotor head, and washed 
twice. The spermatozoa were resuspended in 20 mi of 0.25 M sucrose and 


frozen a t  -20" (9,lO). After freeze thawing, the tubes were vortexed for 
30 sec and centrifuged at  lOOOxg for 1.5 min at  0". The spermatozoa were 
resuspended, vortexed, and centrifuged again. The denuded spermatozoa 
were taken up in 5 mi of sucrose, and the pH was adjusted to 2.5 with 
hydrochloric acid. Acrosin was recovered in the supernate after centri- 
fugation a t  36,000Xg for 15 min at  0' (9, 10). 


Acrosin proteolytic enzymatic activity was determined (1 1). The in- 
cubation medium contained 0.7 ml of 0.1 M phosphate huffer, pH 7.6, 
and 0.3 mI of extracted crude rat acrosin, which were preincubated for 
5 min a t  30". One milliliter of 2% azocasein and 1.5 pmoles of test com- 
pound in 0.2 ml of 40% lactose were added, and the mixture was incubated 
for 10 min a t  30". Tests were run in triplicate. The reaction was stopped 
with 5% trichloroacetic acid, and the mixture was centrifuged at  3,500xg 
for 10 min. Absorbance of the trichloroacetic acid-soluble peptides pro- 
duced by azocasein hydrolysis wae measured a t  366 nm. Enzymatic ac- 
tivity was calculated as the increase in absorbance of 0.730 unit/hr/mg 
of protein (11.12). 


N-Benzoyl-L-arginine ethyl ester hydrolysis was followed as described 
previously (12). Two milliliters of buffer, 0.3 ml of substrate, 0.1 ml of 
crude mouse acrosin, and 1.5 pmoles of test sample in 0.2 ml of 40% lactose 
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T a b l e  I l l -Effects  of N-Carbobenzoxy-Activated Esters at 1.5 
umoles on In Vitro S p e r m  Proteo ly t ic  Activitya 


Percent Inhihition 
Mouse 


N -He nzoyl-1,- 
arginine 


Rat Azocasein Ethyl Ester 
Proteolyt ic Proteolyt I C  


Comptrund Activity * Activity‘ 121k0, m d k g  


I 93 f 15 69 f 5 250 
I I  63 f 5 60 f 1 380 


Ill 68 f 7 83 f 7 > 1000 
IV 38 f 4 77 f 4 > 1000 
V 100 f 1 57 f 14 > 2000 


VI 96 f 3 91 f 2  500 
v11 9 0 f  14 68 f 4 500 


VlIl 92 f 2 79 f 3 500 
IN 85 f 7 58 f 3 74 
X 100 * 0 8“ It 1 148 


XI 94 f 2 x5 f 2 81 
XI1 94 f 12 91 f 1 225 
Xi11 100 f 0 91 f 1 
XIV 100 f 0 1 7 f 2  7 5 
S V  100 f 0 :35 f 4 


- 


- 


were mixed, and the rise in ahsorhance a t  253 nm was determined at 0 
and 30 min. T h e  control resulted in an absorbance increase of 0.328 
unit/mgof protein (11. 12) .  


R E S U L T S  


In the intraperitoneal antifertility screen, 1. 1V. VI, VIII, and X-XI1 
produced greater than 50% pregnancy inhibition a t  10 mglkgiday com- 
pared to diethylstilbestrol and 17-ethinyl estradiol, which produced 1ooyID 
pregnancy inhibition (Table 11). 


In the intravaginal antitertility screen, all tested compounds produced 
75% o r  greater fertility inhibition. Compounds VI  and X-XI1 caused 100% 
inhihition, as  did the standard proteolytic inhibitors XI11 and XIV. 
Dose response curves were determined for V1. X. XI ,  and  XIV a t  0.5.1,  
5. and 10 mg/kg/day. Compounds VI, X, and XI caused loOLx, pregnancy 
inhibition at 1 mg/kg/day, whereas XIV required 10 mg/kg/day. No 
teratogenic effects were observed in the viable fetuses. Reabsorptions 
and intrauterine deaths  were within normal limits (Table  11). 


Cornpounds I,  V-VIII, and S-XV produced 90% rat acrosome pro- 
teolytic activity inhibition In oitro. Compounds Ill.  VI, and X-XI11 
produced greater than 8W!, inhibition of N-benzoyl-r.-arginine ethyl ester 
hydrolysis hy mouse sperm acrosin in uitro; the  remaining compounds 
produced greater than 50% inhihition (Table 111). 


DISCUSSION 


Prior to fertilization, the sperm must undergo capacitation. This  
process involves sperm hydrolytic enzyme activation to permit pene- 
tration of the cervical mucus and external oval membranes as  well a s  la- 
bilization of the external sperm membrane. Spermal acrosin (EC 
:L4.21,10) has been isolated from various mammalian sperm (13) and 
apparently is responsible for zona pellucida penetration. 


Acrosin, an endopeptidase that  cleaves the carboxyl bond of arginyl 
and Iysyl derivatives (13-15), can he inhihited by trypsin inhihitors 


1 16-20), Endogenous acrosin inhibitors have been isolated from seminal 
plasma (21,221, cervix uteri secretions (12), and pancreatic tissue ( 1  1). 
Normally, these inhibitors arc removed as  the sperm moves through the 
female reproductive tract, allowing the proteolytic enzyme to become 
active. 


Screening demonstrated tha t  the  activated N-carbobenzoxy amino 
acid esters possessed antifertility activity in mice. Since the acrosome 
contains a numher of proteolytic enzymes, any of which may hydrolyze 
azocasein, azocasein hydrolysis inhibition by the  test compounds, chy- 
motrypsin inhibitors (XIV and XV), and the trypsin inhibitor (XIII) was 
not surprising. Compounds V1 and X-XII, which caused lO(pA, pregnancy 
inhibition, also inhihited 80% of the hydrolysis of N-benzoyl-L-arginine 
ethyl ester, a substrate specific for acrosin and trypsin. Carbobenzoxy- 
activated esters also inhibit cathepsin (3). Thus, in addition to inhibiting 
sperm acrosin or  trypsin, they may be reducing other  proteolytic acro- 
shna l  enzymes. Since these N-carbobenzoxy-activated esters of I.-proline, 
l.-leucine, and glycine have no apparent  teratogenic or toxic effects, they 
may have contraceptive potential. 
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Abstract  0 A series of' l-aryl-3-methylene-2-pyrrolidinones was syn- 
thesized uia a three-step reaction sequence. 1,4-Bis-[N-(.7-methylene- 
2-oxopyrrolidino)] benzene, which can undergo alkylation at  two sites, 
was also prepared. These compounds are related to the known antitumor 
agents wnethylenebutyrolactones. Attempts to prepare his-iu-meth- 
ylenelactams, in which the heterocyclic rings are joined through their 
nitrogen atoms by an alkylene bridge, were unsuccessful. All of'the i r -  


methylenelactams were screened in R 16 melanocarcinoma and P-388 
lyrnphocytic leukemia tumor systems hut failed to show significant ac- 
tivity. 


Keyphrases 0 n-Methylenehtyrolactams-- synthesized as potential 
antitumor agents and screened Pyrrolidinones, suhstituted-syn- 
thesized as potential antitumor agents, screened 0 Antitumor agents, 
potential-synthesis and screening of i t  -methylenet)tttyrolactams 


Investigations (1-3) on sesquiterpene lactones pos- 
sessing cytotoxic and antitumor activities have shown that 
biological activity is largely dependent on the presence of 
an a-methylene-y-lactone moiety. This activity has been 
ascribed to a rapid and essentially irreversible 1,4-addition 
reaction between the a,P-unsaturated lactone and the SH 
group of L-cysteine, either as the free amino acid or, more 
likely, as part of a protein molecule (4). Other biological 
nucleophiles may also be involved. Recent work has con- 
centrated on the synthesis of simple a-methylenelactones 
(5-8) and has produced some active new compounds. 
Compounds that contain more than one alkylating group 
appear to enhance cytotoxicity significantly (5,9). 


This report is concerned with the synthesis of mono- and 
bis-a-methylenelactam systems (111, VI, and IX) as po- 
tential antitumor agents. These investigations were 
prompted by the facts that an N-aryl-3-methylene-Z- 
pyrrolidinone readily adds nucleophiles, such as cyanide 
ion and thiophenol (lo), and that isosteric replacement of 
oxygen by nitrogen often leads to  improved drugs. More- 
over, there is a dearth of literature information on the 
antitumor properties of a-methylenelactams. Also note- 
worthy is the recent proposal (11) that the oncoiytic actions 
of camptothecin may occur as a consequence of its biore- 
duction to an a-rnethylenevalerolactam intermediate, 
which then functions as an alkylating agent. 


DISCUSSION 


Chemistry-The synthesis of the mono-rr-methylenelactam com- 
pounds (111) was achieved by a three-step reaction sequence similar to 
that used by Seidel and Cook (10) (Scheme I). Modifications of these 


VI: 2 = 1,4-phenylene 
IX: 2 = alkylene 


I1 
Scheme I 


procedures have been described (12). The physical properties of the in- 
termediates and final products are listed in Tahles 1-111. 


The last two steps used in the synthesis of the bis-wmethylenelactams 


NH, 


NO, 


Q" POT I 


Q 0 
IV 


HsC,02COC v:*g - 
0 COCO,C,H, 


V 


HsC,02COC, /p 


EN*$( - 
0 COCO,C,H, 


V 


VI 
Scheme I1 111 
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Table I-Physical Properties of 1 -Aryl-2-pyrrolidinones (I) 


Com- 
pound X 


Recrvstal- 
Melting Yield, lization Analysis, % 
Point % Solvent" Formula Calc. Found 


Ia H 
Ib p-Br 
Ic 0-CI 
Id m-CI 


Ie P-F 


k P - NO:! 


65.5-66.5'* 
97.5-98.5"' 
55-57'd 
64-65.50e 


54-55.5' 


111-113" 


125.5- 127 8 


86-87.5" 
129-131 


78 
61 
73 
85 


61 


59/ 


77h 


36 
100 


A 
€3 


C 


D 


B 


E 


B 
E 


- 


- 
- 
- 


61.39 
5.15 
7.16 
67.02 
5.63 
7.82 
70.22 
7.37 
6.82 
58.25 
4.89 
13.59 


68.16 
6.86 
15.90 


- 


- 
- 
- 


61.41 
5.24 
7.23 
66.95 
5.62 
7.81 
70.34 
7.38 
6.91 
58.23 
4.85 
13.69 


68.19 
6.75 
15.86 


- 


0 A = 35% aqueous ethanol. B = 50% aqueous ethanol, C = 70% aqueous ethanol, D = 25%) aqueous ethanol. and E = 95% ethanol. * Lit. mp 65-66'; M. S. Manhas and 
S. J. Jeng. J .  Org. Chem.. 32,1246 (1967). Lit. mp 97-98'; see footnote 6 for reference. d Lit. mp fi2-63'; S. S. Kukalenko and N. A. Gracheva, Khim. CeterotsikL Soedin., 
1971.773. p Lit. mp 66-68°; D. Ludsteck and 0. Kaufmann, German pat. 1,301,314 (1969); through ('hem. Absfr., 71,124226~ (1969). f The corresponding phenol occurred 
as a hy-product and was separated hy washing the organic hase with 5% aqueous stdium carhonate solution. 8 Lit. mp 131'; W. Reppe elol . ,  Justus Liebigs Ann Chem., 
596,158 (1955). * Reaction time of 48 hr. 1 Lit. mp 87.5'; J.$. Braunholtz and F. C .  Mann, J. Chrm. Sot., 1957.41 74. Lit. mp 127'; see fwtnoteg for reference. b Obtained 
by catalytic reduction of Ig; see Exper imwtol .  


Table 11-Physical Properties of l-Aryl-3-ethoxalyl-2-pyrrolidinones (11) 
Reflux Time, Recrystallization Analysis, % 


Compound X Melting Point Yield, % hr Solvent" Formula Calc. Found 


IIa H 1 10-1 1 1 " 76 3 A C14Hi5N04 C 64.36 64.37 
H 5.79 5.81 


IIb p-Br 


Ilr 0-CI 


152.5-154' 


123- 125" 


80 


51 


B 


A 


IId m -CI 115- 1 16" 50 3 A 


N 5.36 5.47 
C14H14BrN02 C 49.43 49.43 


H 4.15 4.22 
4.19 N 4.12 


C14H14CIN04 C 56.86 56.81 
H 4.77 4.93 
N 4.74 4.87 


C14H14CIN04 C 56.86 56.83 
H 4.77 4.86 
N 4.74 4-82 


IIe P -F 121-122" 66 6 A C ~ ~ H ~ ~ F N O J  C 60:21 60.33 
5.16 H 5.05 


IIf P-OCZHS 126-1 30' 81 6.5 A 
N 5.02 5.09 


CIGH I Q N O ~  62.94 62.97 .- _" - 
H 6.27 6.34 
N 4.59 4.61 


P-NOZ 185- 186' 93 6 C c 14H14N206 c- 54190 55.00 
4.72 H 4.61 


Ik 
N 9.15 9.16 


IIh P-CH3 127-128' 72 6 A CisH 17N04 C , 65.44 65.56 
H 6.22 6.31 
N 5.09 5.19 


a A = 95% ethanol, €3 = benzene, and C = tetrahydrofuran. 


(VI and 1x1 are identical to those used for the mono compounds (Scheme 
I). The reaction sequence used for the preparation of the precursor di- 
lactam (IV) containing an arylene bridge is shown in Scheme 11. The re- 
action employed for the synthesis of the precursor dilactams (VII) con- 
taining an alkylene bridge is shown in Scheme 111. 


All attempts to convert the bis-ethoxalyllactams (VIIIa and VIIIb) 
containing an alkylene bridge into the corresponding bis-n-methylene- 
lactams gave intractable mixtures. In contrast, the conversion of the 
bis-ethoxalyllactam (V) containing a 1,4-phenylene bridge into the cor- 
responding bis-a-methylenelactam (VI) succeeded. 


Biological Results-Antineoplastic activity for IIIa-IIIh and VI was 
determined under the auspices of the National Cancer Institute, National 
Institutes of Health, according to general screening procedures (13). Both 
B16 melanocarcinoma and P-388 lymphocytic leukemia tumor systems 
were employed. Although initial assays of Ic, Ie, and If with P-388 leu- 
kemia indicated marginal activity (%T/ C = 125-1361, these results were 
not reproducible. The compounds also failed to show reproducible ac- 
tivity k, the B16 melanocarcinoma assay. Because of insufficient material, 
VI was not assayed against B16 melanocarcinoma. 


The apparent conclusion from these studies is that  N-aryl nitrogen 
is not a beneficial replacement for the oxygen of a-methylenebutyro- 


lactones. Further investigations are necessary to determine whether this 
result is due to steric or electronic factors in the reaction with biological 


0 
VIIa: n = 3 
VIIb: n = 4 


0 COCOgC,Hi, 
VIIIu: n = 3 
VIIIb: n = 4 


Scheme I I I  
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Table  JII-Physical Properties of 1 -Aryl-3-methylcne-2-pyrrolidinones (111) 


Recrystallieation Analysis, 
Compound X Melting Point Yield,% Solventa Formula Calc. Found 


H 6.40 6.42 
N 8.09 8.17 


H 4.00 4.49 
N 5.56 5.67 


I l k  O-CI 8:1-840 3 2 A C I  IHI(ICINO C 63.62 63.68 
H 4.85 4.86 
N 6.75 6.85 


H 4.85 4.8.5 
N 6.75 6.90 


H 5.27 5.:15 
N 7.33 7.40 


lIlf p-O(l.LH:, 89-90.5" 23 A Ci:#l.iNO' C 71.87 71.82 
H 6.96 7.01 
N 6.45 6.47 


IIIR p-NOr 175-176" 41 C (:I IH~oN'O:, C 60.55 60.64 
H 4.62 4.76 
N 12.84 12.88 


H 7.00 7.1 1 
N 7.48 7.52 


lIIa H 77.5-78.5O 21 A C I I H I I N O  C 76.28 76.44 


IIIb p-Rr 125--126..io 33 €3 CI 1 HloBrNO C 52.40 52.36 


IIld ni-CI 78.5- 80" 40 A C I  I HloClNO C 63.62 63.71 


IIIc P - F  90-91 5" 29 A C I I H I ~ F N O  c 69.09 69.13 


l l lh P-CH:~ 92--93" 32 A CIYHI:INO C 76.98 77.09 


nucleophiles o r  to poor transport of the compounds across cell mem- 
branes. 


EXPERIMENTAL' 


I -Aryl-2-pyrrolidinones (])-A typical reaction is described: that 
for the preparation of 1 -(rn -rhlorophenyl)-2-pyrrolidinone (Id) (Table 
I ) .  A mixture of34.4 g (0.40 mole) of hutyrolactone, 56.1 g (0.44 mole) of 
rn-chloroaniline, and 10.7 ml of concentrated hydrochloric acid was 
heated under a water-cooled reflux condenser for 2.5 hr in an oil hath at  
150'. After changing to an air-cooled condenser, heating was continued 
a t  180-190" for 17 hr. The reaction mixture was cooled and treated with 
100 ml of 2 N HCI. The resulting tan solid was filtered and recrystallized 
to afford 66.5 g of off-white crystals. 


l-Aryl-3-ethoxalyl-2-pyrrolidinoncs (J1)-A typical reaction is 
described: that for the preparation of 1 -(p-ethoxyphenyl)-:~-ethoxalyl- 
2-pyrrolidinone ( I t / )  (Tahle 11). To a stirred, refluxing mixture of 8.48 
g (0.20 mole) of a 57% mineral nil dispersion of sodium hydride in 100 ml 
of' dry tetrahydrofuran, protected hy a nitrogen atmosphere, was added 
dropwise a solution of 20.5 g (0.10 mole) of 1 -(m-chlorophenyl)-2-pyr- 
rolidinone and 29.2 g (0.20 mole) of diethyl oxalate in 300 ml of dry t e t -  
rahydrofuran. 


Hydrogen gas was evolved during the addition as well as during the 
subsequent reflux period of 6.5 hr. The reaction mixture was then cooled 
and treated dropwise with 12 ml of acetic acid. After stirring for 10 min, 
the mixture was poured into 1.5 liters of ice water, and the precipitated 
solid was filtered and dried. The dry solid was triturated with petroleum 
ether to remove mineral nil. Recrystalliaation from 95% ethanol afforded 
24.5 g of product. 


I-Aryl-3-methylene-2-pyrrolidinones (111)-A typical reaction is 
described: that for the preparation of 1 -(p-tolyl)-:~-methylene-2-pyrro- 
lidinone (Il lh) (Tahle 111). T o  a magnetically stirred mixture of 21.8 g 
(0.059 mole) of l-(p-tolyl)-3-etht~xalyl-2-pyrrolidinone, 26.5 ml of 48% 
aqueous diethylamine, and 135 ml of distilled water was added dropwise 
26.5 ml of 40% aqueous formaldehyde while the temperature was main- 
tained a t  25-30'. After stirring at  room temperature for 22.5 hr, the 
mixture was acidified with 10% HCI to pH - 4 and extracted three times 
with 100-ml portions of chloroform. 


The combined extracts were dried (magnesium sulfate). filtered, and 
concentrated. The oily residue (16.9 g) was chromatographed on 130 g 
of silica gel 60. Elution with benzene and benzene--ethyl acetate solutions 
of increasing polarity gave 4.79 g nf white snlid; IK (potassium bromide): 
5.93 pm (C=O); NMR (CDC1:j): d 2.30 (s. 3, CH:,), 2.50-3.10 (m, 2, 


Melting points were determined o n  a Thomas-Hoover apparatus and are u n -  
corrected. IR spectra were taken on B Perkin-Elmer i ( H )  spectr~phutr~meter as liquid 
films o r  potassium hrumide pellets. NMR spectra were recorded on a Varian A-60A 
spectrometer with tetramethylsilane as the internal referenre. Elemental analyses 
were performed by Dr.  K u r t  Eder. Geneva. Switzerland. 


NCH~CHZ) ,  3.73 ( t ,  2, NCH2CH1), 5.28-5.50 (m, I, C=CH2), 5.98-6.22 
(m, 1 ,  C=CHr), 7.15 (d, 2, ArH), and 7.62 (d, 2, ArH) ppm. 
l-(p-Aminophenyl)-2-pyrrolidinone (1i)-A suspension of 10.3 g 


(0.05 mole) of I-(p-nitrophenyl)-2-pyrrolidinone (Ilg) and 0.6 g of 5% 
palladium-on-charcoal in 150 ml of 95% ethanol was shaken on the Parr 
hydrogenator for 1.25 hr. The reaction mixture was filtered, and the f i l -  
trate was evaporated under reduced prssure. The remaining white scdid 
amounted to a quantitative yield, mp 124-126'. liecrystallization from 
95WB ethanol gave an analytically pure product. 


I,l-Ris-[ N-(2-oxopyrrolidino)]benzene (1V)- -This compnund was 
obtained from 8.8 g (0.05 mole) of' ti, 6.45 g (0.075 mole) of butyrolactone, 
and 2.5 ml of concentrated hydrochloric acid hy the identical procedure 
used for the preparation of 1. Workup and recrystallization from 95% 
ethanol aft'nrded 5.72 g (47%) of crystals, mp 251-253'. 


Anal.--Calc. for CldHl~N202: C, 68.83; H, 6.60; N, 11.47. Found: (3, 
68.91; H,6.6O; N, 11.47. 


1,l-Bis-[ N-(3-ethoxalyl-2-oxopyrrolidino)]benzcne (V)-  -This 
compound was obtained from 4.47 g (0.018 mole) of IV, 10.5 g (0.072 mole) 
of ethyl oxalate, and 3.0 g (0.072 mole) of a (57% mineral oil dispersion of 
sodium hydride according to the same procedure used for the preparation 
of 11. Workup gave 7.65 g (96%) of solid, mp 260-264". Recrystallization 
from dimethylformamide gave an analytically pure product, mp 276- 
278". 


Anal.-Calc. for CrlHs4NeOn: (', 59.46; H, 5.44; N, 6.30. Found: (:, 
59.80; H, 5.18; N, 6.27. 


I,4-Bis-[ N-(3-methyIene-2-oxopyrrolidino)]benzene (V1)- This 
compound was ohtained from 6.51 g (0.0147 mole) of'V, 9.87 ml of 48% 
aqueous diethylamine, 9.87 ml of 40% aqueous formaldehyde, and 60 ml 
of distilled water according to the procedure used for the preparation of 
111. Workup gave 2.9 g of  crude product. Purification was effected by 
preparative TLC on silica gel', employing multiple development (10 
developments were required) with henzene-ethyl acetate (4:l). The  
progress of the purification was followed visually a t  254 nm. 


Chromatography of 1.5 g of'the crude product on six 20 X 20-cm glass 
plates, followed by extraction of the product band with chloroform- 
methanol (1:l). afforded 312 mg of solid; this material moved as one spot 
in several solvent systems. Hecrystallization from methanol gave an an- 
alytically pure material, mp 475" dec. (sealed tube); IR (KBr): 5.93 pm 
(C=O); NMIi (trifluoroacetic acid): d 2.35-2.93 (m, 4, NCH~CHZ) ,  
3.42-3.93 (m, 4, NCH~CHP) ,  5.23-5.53 (m, 2, C-=CHz), 5.73-6.01 (m, 2 ,  
C=CHz), and 7.26 (s, 4, ArH) ppm; mass spectrum: rn/c 268 ( M + ) .  


Anal.-Calc. for C I ~ H I R N ~ O ~ :  C, 71.62; H, 6.01; N, 10.44. Found: C, 
71.61; H, 5.95; N, 10.45. 


I,l-Bis-[ N-(2-oxopyrrolidino)]butane (VII b)-Sodium hydride 
(57% mineral oil dispersion), 27.36 g (0.65 mole), was rapidly weighed, 
washed three times with hexane and twice with xylene, suspended in 400 


* Merck 1.'-254 precoated T1.C plates, 2-mm thick layer. 
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ml of xylene, and charged into a reaction flask. T o  this stirred mixture, 
51.06 g (0.60 mole) of 2-pyrrolidinone in 125 ml of xylene was added 
dropwise a t  60-80". The initial vigorous evolution of hydrogen abated 
after 1 hr. The mixture was heated to 1 40-150°, and 53.98 g (0.25 mole) 
of 1,4-dibromobutane in 100 ml of xylene was added dropwise. 


The mixture was then heated to reflux and refluxed for 17 hr. After 
cooling to 60". 8.6 ml of acetic arid was added, and stirring was continued 
for 10 min. The mixture was filtered using glass filter paper, and the solids 
were washed with 150 ml of benzene. The filtrate was concentrated under 
reduced pressure (water pump). Vacuum distillation (bath temperature 
of 140-190°, 0.4 mm Hg) removed unreacted starting materials. Upon 
cooling, the product solidified in the distillation flask. Recrystallization 
from benzene-cyclohexane afforded 35.1 g (63%) of product, mp 69-77". 
A second recrystallization gave analytically pure material, mp 82.5-85'; 
IR (potassium bromide): 6.0 pm (C=O) .  


Anat.-Calc. for C12H20NP02: C, 64.26; H, 8.99; N, 12.49. Found: C, 
64.28; H, 8.91; N, 12.61. 
1,3-Bis-[N-(2-oxopyrrolidino)]propane (V1Ia)-This compound 


was obtained from 21.3 g (0.25 mole) of 2-pyrrolidinone, 20.2 g (0.10 mole) 
of trimethylene bromide, and 16.8 g (0.40 mole) of a 57% mineral oil  
dispersion of sodium hydride according to the procedure for VIIb. 
Workup and distillation gave 16.5 g (79%) of liquid, bp 177"/0.96 mm; 
IR (film): 5.97 pm (C=O). 


Anal.-Calc. for CllHIXNZ02: C ,  62.83; H, 8.63; N, 13.32. Found: C, .. ~ ~ 


62.95; H, 8.72; N, 13.28. 
1.3-Bis-~N-~3-ethoxaIvl-2-oxo~~rrol~d~no~luro~ane (VIIIa)-A _ _  . .  


suspension of 16.8 g (0.40 mole) of a 57% mineral oil dispersion of sodium 
hydride in 140 ml of dry tetrahydrofuran was heated to reflux. T o  it was 
added a solution of 58.5 g (0.40 mole) of djethyl oxalate and 21.0 g (0.10 
mole) of VlIa in 260 ml of dry tetrahydrofuran dropwise with stirring. 
Hydrogen evolution was monitored with a mercury bubbler. 


After completion of the addition, the mixture was refluxed for 15 hr. 
After cooling to room temperature, 23 ml of acetic acid was added, and 
stirring was continued for 15 min. The mixture was poured into 1500 ml 
of ice water with stirring, and the precipitate was filtered and dried in 
a vacuum desiccator. Trituration with 50 ml of petroleum ether (bp 
30-60") and filtration gave 19.8 g (48%) of product, mp 121-123". He- 
crystallization from 95% ethanol led to the pure compound, mp 124.5- 
126". 


Anal -Calc. for C I ~ H ~ ~ N ~ ~ R :  C, 55.60; H, 6.39; N, 6.83. Found: C, 
55.63; H, 6.42; N, 6.58. 


I,4-Ris-[N-(3-ethoxalyl-2-oxopyrrolidino)]butane (VII1b)-This 
compound was obtained from 11.2 g (0.05 mole) of VIIb, 29.2 g (0.20 mole) 
of diethyl oxalate, and 8.42 g (0.20 mole) of a 57% mineral oil dispersion 
of sodium hydride according to the procedure for VIIIa. Workup gave 
13.0 g (61%) of solid, mp 142-147". Recrystallization produced an ana- 
lytically pure product, mp 146-148'. 


Anal.-Calc. for C20H28N208: C, 56.60; H, 6.65; N, 6.60. Found: C, 
56.42; H, 7.14; N, 6.69. 


Pharmacological Testing-P-388 Assay-Ascitic fluid containing 
about 6 X 1oG cells was inoculated intraperitoneally into male CDFl mice. 
In this assay, median survival times of %T/C 1 125 are considered sig- 
nificant. The compounds were administered by the intraperitoneal route 
in a saline plus alcohol vehicle. Nine daily doses were given, starting 24 
hr after tumor inoculation. 


R16 Mehnocarcinorna Assay-B16 melanocarcinoma homogenate 
(dilution 1 : lO)  was inoculated intraperitoneally into male BDFl mice. 
In this assay, median survival times of %T/C 1 125 are considered sig- 
nificant. Administration and dosing of compounds were the same as for 
the P-388 testing. 
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Abstract  0 A method for rapidly testing large numbers of chemical 
structures as potential modulators of the interaction between immuno- 
globulin E (IgE) and its specific receptors on rat peritoneal mast cells is 
described. IgE, isolated from the ascitic fluid of a transplantable rat IgE 
immunocytoma, is labeled with iodine-] 25 under mild conditions 
employing the Bolton-Hunter reagent. The antibody is incubated with 
mixed peritoneal cells a t  37", and the cell-bound IgE is separated from 
unbound label by sedimentation through an 8% sucrose-polymer solution 
in microsediment tubes. Optimal conditions for the interaction of 3 nM 
IgE with 3 X lo5 mast cells in 150 p1 are: incubation time, 2 hr; pH, 6.57.0; 


The immunologically induced secretion of mediators 
of anaphylaxis by sensitized rat or human mast cells ex- 


and ionic strength, equivalent to 150 mM NaCI. Mixed peritoneal cells 
hind IgE with an affinity equal to that of purified mast cells. Human IgE 
pentapeptide 111 and several antiallergic agents do not compete with rat 
IgE in this assay. 


Keyphrases Immunoglohulin E-binding to mast cells, in oitro 
method for screening inhibitors Binding-immunoglobulin E to mast 
cells, i n  uitro method for screening inhibitors 0 Inhibitors-immuno- 
globulin E to rat  peritoneal mast cells, in oitro screening method 


posed to the appropriate antigen triggers a series of in- 
tracellular events that require Ca2+, involve an activatable 
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Figure 5-Composite plot of the percent change in diastolic pressure 
versus the logarithm of blood concentrations of trichloromonofluo- 
romethane in three dogs following inhalation of various strengths of the 
fluorocarbon in air. 


nounced. Most dogs showed biphasic responses, with an increase in the 
heart rate a t  lower doses and a decrease a t  higher doses (Table I). The 
effect on the heart rate in some dogs appeared to be instantaneous and 
reached a maximum within the 1st min during the inhalation in spite of 
the fact that the blood level continued to rise in the next few minutes. 


The mechanism for such an effect is probably very complex and could 
not be rationalized by the multicompartmental model proposed for this 
fluorocarbon in dogs (14). The apparent “instantaneous” effect on the 
heart rate and the direct correlation between the blood level and the effect 
on the blood pressure and respiration rate could shed some light on the 
fast action of the fluorocarbon aerosol propellants, which have caused 
sudden death of individuals shortly after or during inhalation of large 
quantities of these propellants (2). 
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Abstract 0 A model system was developed in which the dissolution 
behavior of a single crystal of potassium ferricyanide was studied a t  a 
liquid paraffin-water interface. Since the equilibrium position of a crystal 
a t  the interface is independent of its size, the lifetime of a crystal dis- 
solving a t  the interface is determined entirely by its initial size and its 
dissolution rate in the water phase. The dimensions of every crystal were 
measured microscopically before dissolution. A continuous-flow recording 
dissolution apparatus was used to measure spectrophotometrically the 
mass flow of dissolved potassium ferricyanide. The dissolution cell in this 
system was mounted in an optical bench. making it possible to follow 
dissolving crybtals t~isuallv by projertinp them on a screen. The results 


show that the lifetime of a crystal is proportional to the shortest length 
o f  the crystal face in contact with the liquid paraffin and is rather inde- 
pendent of its form. Furthermore, crystal shape changes during disso- 
lution, which is explained partly by the nonisometric dissolution of po- 
tassium ferricyanide crystal faces and partly by the nonconstancy of film 
thickness. 


Keyphrases Dissolution-potassium ferricyanide crystals a t  fluid- 
fluid interface o Potassium ferricyanide-dissolution of crystals a t  
fluid-fluid interface o Cryst.al dissolution-potassium ferricyanide a t  
fluid-fluid interface 


The lifetime of a solid particle dissolving in a liquid is 
governed by its rate of change in surface area. Assuming 
a constant hydrodynamic boundary layer, Hixson and 
Crowell (1) derived the cube root law for the dissolution 
of sodium chloride crystals: 


w$3 - wt13 = Kt (Eq. 1) 


where w o  is the weight of the particle a t  t = 0, wt is the 


weight of the particle at time t ,  and K is a dissolution rate 
constant also composed of density and a shape factor. 
Many deviations from the cube root law were found, but 
it was difficult to explain the results because of the ex- 
perimental design (in which often a number of particles 
were employed in a stirred system). In the experiments of 
Niebergall et al. (2) and Hixson and Crowell (31, the rate 
constant increased as dissolution proceeded. A linear re- 
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Figure 1-Shape of a potassium ferricyanide crystal. 


lationship between the film thickness and the square root 
of particle weight was postulated (2), assuming a constant 
shape factor, which gives: 


(Eq. 2)  


Wilhelm et al. (4), working with crystals of sodium chlo- 
ride, reported the opposite effect: a decreasing rate during 
dissolution. 


McCabe and Stevens (5) investigated crystal growth of 
copper sulfate and found a decrease in the growth rate for 
smaller particles in a stirred system; under conditions of 
constant shear, however, the growth rate was constant. The 
influence of the shape factor was recognized, and condi- 
tions were chosen such that it was practically constant 
(5). 


Veng Pedersen and Brown (6, 7) developed equations 
for nonspherical particles, assuming a constant dissolution 
rate. By using a spherical approximation, they examined 
a 60-85-mesh fraction of tolbutamide in a system under 
conditions of constant shear. In spite of the fact that a 
changing shape factor was taken into account, it was dif- 
ficult to discriminate between Eqs. 1 and 2 as the best f i t  
for the experimental data. 


Clearly, particle dissolution is still not very well ex- 
plained. In the present study, single crystals of potassium 
ferricyanide were investigated by employing a dissolution 
cell in which the crystals dissolve at  a liquid paraffin-water 
interface, enabling simultaneous measurement of the mass 
flow and particle size. 


- ujl12 = I ( t  


THEORETICAL 


The simplest case of particle dissolution is that of an isometrically 
shaped crystal (length = width = height) that is dissolving isotropically; 
i .e . ,  each point on each crystal face is retreating a t  the same rate. 


For a cube with a linear diameter, b ,  it can be written: 


(Eq. 3 )  


where 0 is the retreat rate of' one crystal face. 
Equation 3 integrates to: 


ho - bt = 20t (Eq. 4 )  


where bo is the dimension at  f = 0 and bt is the dimension a t  time t .  
If '  each crystal face is retreating a t  the same rate at any time t ,  a cube 


is dissolving isometrically; i . ~ . ,  there is a constant relationship between 
b ,  the surface, S, and the volume or weight, W ,  of the cube throughout 
the dissolution process: 


b, = ('/eS',)'J' = ( W/p) ' I3  (Eq. 5) 


Figure %--Photograph of the projection of a potassium ferricyanide 
crystal in the equilibrium position at a liquid paraffin-water inter- 
face. 


where p is density. Substitution of Eq. 5 in Eq. 4 yields the cube root law 
(Eq. 1) or its equivalent: 


s p  - SfJ2 = 2 4 %  (Eq. 6) 


According to Eq. 6, a plot of St'? versus time should be a straight line when 
the cube root law is valid. 


Since the mass flow, Qt,  a t  time t is proportional to the surface a t  that 
time for every heterogeneous reaction, it can be written: 


Qi = P ~ S I  (Eq. 7) 


where ut is the retreat rate a t  time t .  Therefore, a plot of Q;l2 uersus time 
also yields a straight line when the cube root law is valid. 


Dissolution at an Interface-At an interface, the simplest case of 
particle dissolution is that for half a cube ( b  X b X 'hb)  dissolving iso- 
tropically. With the assumption that only one face of the cube (6 X b )  is 
in contact with the upper fluid and does not take part in the dissolution 
process, the surface area exposed to the solvent phase is, a t  any time t :  


St = 4 ( b t ' / ~ b t )  + b: = 36: 


sir2 - S;i2 = 2 d o t  


(Eq. 8 )  


Substitution of Eq. 8 in Eq. 4 gives: 


(Eq. 9) 


Therefore, when half a cube dissolves isotropically a t  an interface, a plot 
of S;'' or QiJ* uersus time also is linear. 


Although Eq. 2 assumes an increasing dissolution rate, a t  any time t 
the rate is equal for each crystal face, which means that Eq. 5 is valid in 
this case. Therefore, substitution of Eq. 5 in Eq. 2 yields: 


(Eq. 10) 


The mass flow, Q t ,  a t  any time f for half a cube a t  an interface is obtained 
with Eqs. 4 ,  I ,  and 8 


(Eq. 1 1 )  


where n is a constant if Eq. 1 is valid and u = f (  l /b ) l l2  i f  Eq. 2 is valid. 
Dissolution of a Crystal  of Potassium Ferricyanide-The shape 


$214 - s;/4 = Kt 


Qt = Bpo(b0 - 2nt)' 


A 


Figure 3--Conrinuous-flt~i~. rc.rording apparatus. 
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Figure 4-Dissolution cell. Tube A contains liquid paraffin, forming 
a n  interface a t  I. For calibration, tube B is inserted instead of tube A 
and is connected with a microburet. 


of a potassium ferricyanide crystal with surfaces SA, SB, Sc, etc., is shown 
in Fig. 1. If crystal face I is in contact with the upper fluid a t  a fluid-fluid 
interface, the total area, S ,  in contact with the solvent is given by: 


s=sJ + (SE + S F  + SC t SH) + (SA + S B  + S C  t SD) (Eq. 12) 


Assume that Eq. 4 is valid for some points on the "vertical" faces (A-I). 
The parameter u is defined as the rate of retreat directed parallel to the 
interface and in a plane perpendicular to the retreating crystal face. In 
this way, u has the same direction as it would have if the crystal were half 
a cube. Also assume that a point on the "horizontal" face J is retreating 
according to Eq. 4 but a t  a different rate T. 


To eliminate "rounding off' effects at  the edges of the crystal faces and 
a different thickness of the hydrodynamic boundary layer for one face, 
it is necessary to assume that all points on a certain face are retreating 
with the same velocity: u for faces A-I and T for face J. Since SE = Sc, 
SF = SH, SA = Sc, SB = SD, and (1 is assumed to equal 90", the mass flow 
of a potassium ferricyanide crystal a t  time t is given by: 


Qt = P [ ( S J ) t T  + (2SE + 2SF)t U Sin @ + (2sA + 2SB)cU Sin a] (Eq. 13) 
Crystal faces A-I are trapezoids, whose areas may be expressed in linear 
dimensions: 


(SA)~  = %(bo, + b,,)di,/sin B (Eq. 14) 


( S d t  = %(lo, + l,,,,)d&in 13 (Eq. 15) 


(SE)~  = %(but + bm,)&,/sin B (Eq. 16) 


(SF), = l/z(Ll + I,,)dz,/sin B (Eq. 17) 
Crystal face J may be expressed as: 


(SJ) I  = (bt,,)(lUt) (Eq. 18) 


Due to the shape of a potassium ferricyanide crystal, the retreat rate for 
dimensions b, and 1, is also influenced by the rate of decrease of dp; so 
for 6,,: 


(bml - but)/(bm - b u )  = d2,/dp (Eq. 19) 


With the aid of Eq. 4, it can be written: 


b,,= b, - 2 ~ t  + Tt (bm - b,)/dp (Eq. 20) 


Also: 


l,, = 1, - 2ut + ~t( l , , ,  - l,)/dp (Eq. 21) 


By substituting Eq. 4 for the dimensions b,,, bo,, I,,, and lor and the 
relation for b,, and I,, in Eqs. 14-18, expressions are obtained in which 


the area of the crystal in contact with the solvent phase can be calculated 
at any time t ,  if u, T, and the initial dimensions of the crystal are 
known. 


Finally, the following equation is obtained for the mass flow a t  time 
t by substitution of Eqs. 14-19 in Eq. 13: 


81 = - 2 d  + Tt(lm - l,)/dn](b, - 2 ~ t  + Tt(bm - b,)/dn]z 
+ [bt, + rt(b, * b,)/dn + bm + I ,  + T t ( I m  - l,)/dp + lm - 8tu] 


X (d2 - Tt)U + [bo + bm + lo + 1, - 8ut]d,u) (Eq. 22) 
Equation 22 can be used to describe the dissolution of a potassium fer- 
ricyanide crystal until dp = 0 or b, = 0. If a potassium ferricyanide crystal 
can be idealized to half a cube with a rate of decrease of u for the vertical 
faces and T for the horizontal face, Eq. 22 simplifies to: 


Qt = P[4U('/pb - Tt)(b - 2 ~ t )  + ( b  - 2Ut)2T] (Eq. 23) 


EXPERIMENTAL 


Crystals of potassium ferricyanide were obtained by recrystallization 
in an isothermal fashion from distilled water. The fluid-fluid system was 
liquid paraffin and distilled water. A single crystal was allowed to fall 
through the upper fluid. When it approached the lower fluid, distilled 
water, it was oriented by the interface in such a way that crystal face I 
or J (Fig. 1) was usually the lower face that was wetted first. 


It is advantageous to use the notation described in Fig. 1, with the in- 
terface as a plane of reference. Therefore, face I is defined now as the 
upper crystal face. 


During the wetting process, one of two things can happen. If the crystal 
has a size greater than its "critical size" (bo > 2.5 mm in this system), it 
is wetted completely and falls away from the interface. If the crystal is 
smaller than its critical size, it takes up an equilibrium position a t  the 
interface as is shown in Fig. 2. Since the edges of the upper crystal face 
I present a barrier in the wetting process, the equilibrium position is in- 
dependent of particle size. Therefore, the area of surface in contact with 
the solvent is known accurately and can he calculated readily. 


Apparatus-Figure 3 shows the continuous flow recording system. 
Reservoir R, together with pump P, maintains a constant height of'dis- 
solution liquid, distilled water, in vessel U. The liquid passes through 
thermostat Ts, which adjusts the liquid temperature when it reaches the 
dissolution cell. This cell is mounted in an optical bench, which makes 
it possible to project the dissolving crystal on screen Sc. 


Liquid from the dissolution cell passes through a flowcell' in spectro- 
photometer'sp, fitted with a chart recorder', and maintains a constant 
height of liquid in vessel L. The difference in height, h ,  between vessels 


~ 
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Beckman model DB-GT. 
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Figure 6-Lifetime of crystals versus square root of area to the water 
phase. Each symbol represents a crystal. Key: A, streamline flow (slit 
width of 1.6 mm); R, free convection (slit widthpf 8 mm); curue I ,  theo- 
retical curue if Ey. I is ualid; and curve 2, theoretical curue i f  Eq. 2 is 
ualid. For reasons of comparison, this last curue was transformed to an 
(area) axis and should be linear in an (area)3I4 versus T plot. 
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U and L causes a pressure difference that governs the flow rate and keeps 
the column of liquid paraffin A in place. The interface is a sensitive de- 
tector itself for pressure differences that may develop during an experi- 
ment. The water flow is measured in buret B and finally accumulates in 
collection vessel G. 


The dissolution cell (Fig. 4)  is made of methacrylate polymer4 and is 
filled with distilled water entering uia four stainless steel tubes in every 
corner of the bottom to minimize turbulency. The solvent leaves the cell 
oia tube C, which has a small inner diameter (2 mm). so that the solvent 
is transported rapidly to the spectrophotometer. 


The distance between interface I and tube C (slit width) was 1.6 mm 
for the experiments in which the lifetime of a crystal was measured a t  
different flow rates. The slit width was 8 mm for the experiments in which 
the mass flow was measured for the free convection case. At this distance, 
the influence of the solvent flow used (1 ml/sec) on the dissolution rate 
of the crystals a t  the interface was negligible, as was easily checked by 
comparing the dissolution rates obtained under these conditions and 
those obtained with zero solvent velocity. 
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Figure 7-Dissolution of single crystals of potassium ferricyanide. I f  
the cube root lam is oalid, a straight line (broken line) should be obtained 
in this plot. Recorder reading = constant X mass flow at time t measured 
.spectrophotomelrically. Key: A, streamline flow (slit width of 1.6 mm); 
and R, free conuection (slit width of R mm). 


SECONDS 


Tab le  I-Mean Values of Height (a), Length ( I ) ,  and Width (5) 
for  Crystals of Potassium Ferricyanide Measured Individually a 


Size Grouo Shaoe Factor. 


0.20-0.39 0.18 0.35 0.30 0.888 
0.39-0.59 0.23 0.49 0.42 0.861 
0.59-0.78 0.25 0.75 0.58 0.823 
0.78-0.98 0.33 1.01 0.79 0.81 1 
0.98-1. 18 0.39 1.23 0.89 0.846 
1.18-1.37 0.49 1.36 1.19 0.778 


0.771 0.56 1.58 1.39 1.37-1.57 
1.57-1.76 0.54 1.80 1.57 0.773 
1.76-1.96 0.60 1.95 1.76 0.723 


0 The mean value of a dimension of the crystal is the arithmetic mean for that 
dimension of all crystals in the given size group. 


At the same time, the acceleration of the dissolved mass began close 
enough to the crystal surface to prevent differences in transportation time 
to tube C due to differences in density. This was checked by comparing 
the lifetime of a crystal as measured by eye using a stopwatch and the 
total dissolution time as recorded spectrophotometrically. The difference 
between these two values was never more than 2 sec. 


The temperature in the dissolution cell was maintained a t  20 f 0.1'. 
Crystal sizes were measured microscopically. The projections of a crystal 
on the screen were photographed a t  regular time intervals to determine 
the retreat rate of some points on its circumference. 


Calibration-The apparatus was calibrated with the aid of a micro- 
buret fixed a t  a certain height and connected with tube B, which was 
installed instead of tube A (Fig. 4). Before every measurement, the buret 
was filled with 0.03% potassium ferricyanide to the exact same height. 
A 5-ml volume of this solution was allowed to flow into the dissolution 
cell, and the time needed was measured. The density difference between 
this concentration and pure water is small, so convection through the 
orifice of tube B was negligible. 


Figure 5 shows a registration of a particular measurement. The mass 
flow decreased linearly as the meniscus of the solution in the buret was 
losing height. Ideally, the registration should follow the dotted line. The 
deviation was caused mainly by a velocity gradient inside the hose con- 
necting the dissolution cell with the flowcell. The value a t  half-time 
measured from the end-point at t was used as the mean scale reading. The 
calibration constant, F, was calculated as follows: 


mass flow recorded uy/a 
mass flow from buret cu/t 


F =  =- (Eq. 24) 


where u is the recorder reading, y is the solvent flow rate measured during 
calibration, a is the scale expansion factor, c is the concentration of po- 
tassium ferricyanide in the buret, and u is the volume of solution that has 
flowed out of the buret in time t .  


As a check on the accuracy of the instrument, y was varied. If the mass 
flow from the buret is constant, u should be inversely proportional t o y  
and F should be constant. The value of F was calculated 14 times at  four 


. 
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Figure 8-Plot illustrating the relationship bettoeen the mean di- 
mensions of crystals of potassium ferricyanide and lifetime. fualues from 
Table I). Key: 0 ,  length; 0, width; and 0. height. 
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Table 11-Accuracy of Measurements (AG%), Size Data, Dissolution Rate  Constants, a n d  Deviation in Prediction of t = T by Eqs. 1 1  
and 23 for Eight Crystals (AT%) * 


~ 


u1 x 10-3 T ,  x 10-3 
Crystal AG% bo, mm bcelcr mm dlbo dllo mmlsec mmlsec AT,  % 


1 -1.4 0.72 0.71 0.51 0.47 5.5 2.3 -+ 2.3 2.- 
2 +0.3 0.93 0.78 0.32 0.28 6.0 2.4 - 3.7 16.2 
3 -10.2 1.15 1.13 0.60 0.50 6.6 2 1  - 6 8  1 A  
4 -5.3 1.59 
5 -5.5 0.74 
6 +3.4 1.50 


~ .~ ... 
1.30 0.21 0.16 6.4 
0.91 0.82 0.72 4.9 
1.37 0.42 0.36 6.2 


-. . -. - 
1.8 - i s  18.4 
3.1 -9 6.7 22.8 
2.2 - 5.3 9.1 


7 +1.3 0.98 0.73 0.34 0.32 6.6 3.1 - * 3.1 25.7 
8 +2.1 1.33 1.04 0.25 0.23 6.3 2.2 - 3.6 22.- 


a The abbreviations used are: AG = (area under experimental curve - area under calculated curve) X 100%/(area under experimental curve) (Fig. 11 ), bo = microscopically 
measured width of crystal face I (Fig. 1). bcdc = dimension of half a cube with the same weight as the crystal: b d c  = (weight of crystal/O.Sp)l‘3, d = microscopically measured 
hei h t  of the crystal (shortest distance between faces I and J) ,  l o  = microscopically measured length of crystal face 1, u = rate of retreat of “vertical” crystal faces A-I, 
an$, = rate of retreat of “horizontal”crysta1 face J. 


different flow rates, ranging from 0.5 to 1 mllsec. The variation coefficient 
was 1.3%. 


RESULTS AND DISCUSSION 


In the first series of experiments, results for single-crystal dissolution 
were compared with the results for monosized particles obtained by 
Niebergall et al. (2). Therefore, the dimensions of a number of crystals 
were measured. The length and width of the crystals were defined as the 
mean values of the dimensions of crystal faces I and J, respectively (Fig. 
1). 


A plot of the square root of the area exposed to the water phase versus 
the lifetime of the crystal is shown in Fig. 6. If the cube root law is valid, 
a plot of Sd” versus lifetime should yield a straight line according to Eq. 
9. Also a plot of S$’4 uersus T (Eq. 10) is included to compare Eqs. 1 and 
2. Although neither of these equations describes the dissolution process 
accurately, it is clear that  the dissolution rate increases with decreasing 
particle size. The dissolution curves of individual crystals measured 
spectrophotometrically also show an increasing rate constant. 


Figure 7 was obtained by plotting the square root of the recorder 
reading (= constant X mass flow) uersus t .  As shown in the Theoretical 
section (Eqs. 6 and 7), a plot of Q,”2 or (recorder uersus time 
should be linear if the cube root law is valid. 


Although the method of measurement is different from that of Nie- 
bergall et al. (2), the same questions can be asked: 


1. Is there a nonlinear retreat of the surface caused, for instance, by 
a dependency of the hydrodynamic boundary layer on particle size? 


2. Is the shape factor changing because of a nonisometric shape of the 
crystal or because of a different hydrodynamic boundary layer for dif- 
ferent crystal faces? 


A first indication that a changing shape factor might be important can 
be seen in Fig. 7, where the curvature is more pronounced for the crystals 
dissolving under conditions of free convection (slit width of 8 mm). Ry 
visual examination of the projected crystal during dissolution, it became 
clear that  the crystal was changing its form when a solvent flow rate of 
more than 0.15 mllsec was applied with a slit width of 1.6 mm. Then the 
solvent entering the slit radially accelerated to a high velocity, especially 
attacking the edges of crystal face J if I were in contact with the liquid 
paraffin. The crystal rapidly changed until a pyramid formed. These 


I . . .  I 
0 40 80 120 160 0 40 80 120 160 


LIFETIME, sec 


Figure 9-Plot showing the proportionality between the width, bo, of 
crystals of potassium ferricynnide and their lifetime. Key: A, streamline 
flow (slit width of 1.6 mm); and R ,  free conuection (slit width of 8 
mm). 


differences in form could very well explain the differences in curva- 
ture. 


A second indication is provided by Table I. All of the measured crystals 
were classified in groups, and the mean diameters were determined to 
obtain a shape factor for each size group. This factor changed with particle 
size. Since approximately the same amount of crystals was used in the 
same size group for every flow rate measured, it was possible to calculate 
a mean dissolution time for each size group. 


Figure 8 is a plot of the mean diameters of the size classes versus the 
mean dissolution time. These data show that the cube root law is not valid 
for these crystals due to the dependency of shape on particle size and also 
that there is a linear relationship between the width, b, of a crystal and 
its lifetime. When, however, the width of individual crystals was plotted 
versus dissolution time, the results varied widely, making i t  impossible 
to explain this relationship. 


One reason for this variation could be that only the width of face I or 
J exhibited the constant rate of decrease while the mean value of the 
width of both faces was measured. It was assumed that the dimensions 
of face I in contact with the liquid paraffin probably showed linear dis- 
solution behavior because the circumference of that  crystal face was the 
leading edge and, therefore, independent of the dissolution behavior of 
other points on the crystal surface. Moreover, the lifetime of a crystal a t  
the interface is determined by the shortest dimension of that face; when 
it is zero, either the crystal is completely dissolved or it is falling from the 
interface. Therefore, in a new series of experiments, the actual value of 
bo was measured, as was the lifetime of the crystals a t  different flow 
rates. 


Figure 9 clearly shows that the rate of decrease of bo is independent 
of particle size. The linear retreat of points on the circumference of crystal 
face I is affirmed by measurements on the projected diameter of that face 
(Fig. 10). It can be concluded, therefore, that  all diameters of face I de- 
crease with about the same rate. The shortest of these, b ~ ,  terminates the 
dissolution process by forcing the other parameters to zero. For this di- 
ameter, independent of the shape of the crystal, Eq. 4 is valid. 


Due to the changing shape of the crystals during dissolution, the cube 
root law cannot be used to calculate the mass flow of dissolved potassium 


24J .o 


r; E 18 I\\ 


SECONDS 


Figure 10-Decrease of the projectrd utdth of crystal face 1 as a func- 
tion of trme Only the shortest diameter, bo, derrcasas linearly t o  zero; 
the others also decrease at nbout the same rate hut arr ftwced to  zero 
at the end of the dissolution procws 
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Table 111-Percent Deviation of Qr Values Predicted by Eqs. 22,11,  and 23 from the Measured Value at t = 0.25T.  0 .5T.  and 0.75T for 
Eight Crystals from Table 11" 


Eq. 22 Eq. 11 Eq. 23 
Crystal 0.25T 0.5T 0.75" 0.25T 0.5T 0.75T 0.25T 0.5T 0.75T 


-4 -4 -3 +2 -1 -13 -3 -5 -5 1 
2 0 -1 -2 +6 - 16 -14 t 3  -7 
3 -6 -5 -3  +9 -12 -15 +5 -5 - 10 
4 -5 -8 -3 +8 - 19 -17 t 5  -6 -12 
5 -6 -6 -6 t 3  -7 -10 -2 -5 -5 
6 -6 -2 0 +5 -13 -12 +1 -3 -5 


- 10 


7 -5 -3 0 -25 -26 -15 -25 -21 -15 
8 -1 -6 -2 t 2  -22 - 15 t 1  -12 -13 


The percentages deviation were calculated according to the following equation: [Q, (measured curve) - Qt (calculated curve of Eq. 2 3 1  x 1OoSCJQ at t = 0 from the 
calculated curve of Eq. 22 (Fig. 11). 


ferricyanide. Therefore, Eq. 22 was derived in which the mass flow, Q,, 
is expressed in the linear dimensions of'the crystal. Under conditions of 
free convection (slit width of 8 mm), crystal face J does not deform and 
can he identified as a separate face during the entire process. Therefore, 
this case was investigated further. 


Numerous crystals were measured accurately; photographs were taken 
during dissolution, and the total dissolution time was measured. It was 
assumed that all crystal faces but face J were retreating linearly a t  a rate 
of u mm/sec into a direction parallel to  the interface. Crystal face J re- 
treated with a lower velocity and in a nonlinear fashion as measured from 
the photographs, so these variable values for r were used in the calculation 
of the dissolution curve from Eq. 22. 


The weight of the crystal was calculated by comparing the area under 
the curve of the crystal with the area under a calibration curve for which 
the corresponding amount of potassium ferricyanide was exactly known. 
Since the area under the curve should be the same for the measured curve 
and the one calculated with the aid of Eq. 22, the difference in weight, 
AG (Table II) ,  was calculated as a measure of accuracy. Then the mass 
flow was calculated for half a cuhe obeying the cube root law, which had 
the same weight as the crystal (Eq. 11). Here b was calculated from b = 
(W/0.5p)*'3 (where W = weight of the crystal). Also the mass flow was 
calculated for half a cube in which the actual values of r were inserted, 
according to Eq. 23. 


l h e  percentage deviation of the mass flow calculated according to Eqs. 
11, 22, and 23 from the mass flow measured spectrophotometrically is 
shown in Table 111. 


Two different cases can be identified: 
1. The calculated value of b is about the same as the measured value 


for 60. The ratios d/bo and d/ lo  then are roughly 1/2 (Crystal 1, Tables 
I1  and 111). as is the ratio of the particle obeying the cube root law, so the 
effect of shape is minimal. Therefore, Eq. 23 describes the dissolution 
process almost as accurately as Eq. 22. The difference between Eqs. 11 
and 23 is significant (Fig. 11). This difference is caused only by the slower 
and nonlinear dissolution rate of crystal face J. 


2. Especially when b is smaller than ho, a large deviation can be ex- 
pected due to the combined effects of shape and the retreat rate of face 
J. A representative crystal of this class is Crystal 2 (Tables I1 and Ill). 
Since the lifetime of a crystal of potassium ferricyanide is determined 
by bo, the slower and nonlinear dissolution rate of face J has no influence 
on crystal lifetime. Therefore, the deviation in prediction o f t  = T (AT, 
Table 11) is the same for Eqs. 11 and 28 and illustrates purely the effect 
of shape, which can he quite substantial (up to 25% for these crystals). 


Results of this investigation can he summarized as follows. The  close 
agreement between the measured curve and the one calculated with Eq. 
22 usually justifies the use of a constant and equal retreat rate for all 
crystal faces except one. If there is a relative motion between a dissolving 
crystal and the solvent, there is always a face at the rear side of the crystal 
a t  which the flow pattern is different. This situation makes it necessary 
to use a lower value for this face for the retreat rate, which, according to 
the present measurements, increases as dissolution proceeds. This effect 
has a bearing on nonisometric as well as isometric particles. 


Furthermore, the effect of shape is important. An apparent increase 
in the rate constant will he measured if isometric dissolution behavior 
is postulated for particles that  have the shortest diameter terminating 
the dissolution process. 


SECONDS 


Figure 11-Comparison of the ability of Eys. 1 I ,  22. and 23 to  dpsc.ribc 
the dissolution of Crystal 1 (Tab la  I f  and Iff). K P ~ :  -, experirncwtal 
line; -1.) Eq. 22; ---, Ey. 1 I ;  and ---, Eq 23. 
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Abstract 0 Methyl 1-(3,4-dichlorobenzyI)-hexahydro-2,3-dioxo-4- 
pyridinecarhoxylate was prepared by alkylation of methyl hexahydro- 
2,3-dioxo-4-pyridinecarboxylate with a,3,4-trichlorotoluene. The com- 
pound showed significant antifungal activity when challenged by a 
spectrum of pathogenic yeast species in a minimum inhibitory concen- 
tration test. It was active against some dermatophytic fungi and Asprr- 
gillus niger. 


Keyphrases 0 Methyl 1-(3,4-dichlorobenzyI)-hexahydro-2,3-dioxo- 
4-pyridinecarboxylate-synthesized and screened for antifungal activity 
0 Antifungal activity-synthesis and screening of methyl 1-(3,4-di- 
chlorobenzyl)-hexahydr~-2,3-dioxo-4-pyridinecart~oxylate 


The literature contains no reports of N-substituted 
benzyl hexahydro-2,3-dioxo-4-pyridinecarboxylates. Such 
a compound was desired for antifungal evaluation. Ac- 
cordingly, the methyl ester (I) was treated with (u,3,4-tri- 
chlorotoluene (11) in toluene in the presence of 1 M 
equivalent of sodium hydride. No crystalline product re- 
sulted, and it is possible that a mixture of products was 
obtained by C- or 0-alkylation of the monoanion (111) 
(Scheme I). 


For this reason, I was treated with 2 M equivalents of 
sodium hydride, presumably to generate the dianion (IV). 
Alkylation of IV with 1 M equivalent of I1 generated the 
1-benzyl enolate ion (V). Acidification of V gave rise to VI 
(Scheme 11). 


Alkylation of I in this manner gave VI in yields ranging 
from 9 to 21% (Scheme 11). The  structural assignment of 
VI is based on IR spectral evidence, elemental analysis, and 
the NMR spectrum, which is highlighted by a singlet a t  6 
4.61 ppm, indicative of the N-benzyl moiety. 


DISCUSSION 


The antifungal activity of VI was challenged by a spectrum of yeast 
species in a minimum inhibitory concentration procedure ( 1 )  in Sab- 
ouraud's liquid medium BBL. Candida albicans (Eaton Code Nos. 
VM-71, VM-81, and M-3), Candida krusei (VM-29B). Candida guil- 
liermondi (VM-42), and Torulopsis glabrata (VM-22) were inhihited 
a t  20 pg/ml; Candida tropicalis (VM-25) was inhibited at  30 pplml. The 
fungistatic activity of VI was determined by an agar dilution procedure 
(2) using Sabouraud's dextrose agar RBL. 


Plates inoculated with Microsporum canis (M-4) and Aspergillus nigcr 
(M-29) were incubated a t  25". Complete inhibition of growth for 10 days 
was the criterion for activity. Under these conditions, M. canis was in- 
hibited by 10 pg/ml and A niger was inhibited by 100 pg/ml. 


Fungicidal activity of VI was determined by exposing viable cultures 


L 


I11 I 


Scheme I 


-I 


IV 


COZCHj 


VI 
Scheme II 


of dermatophytic organisms in agar plugs to a 2% solution of VI in poly- 
ethylene glycol 400 for specitic time intervals (3). After exposure, the 
plugs were rinsed and subcultured. Cultures of M .  canis (M-4), Micro- 
sporum audouini (M-17), Trichophyton mentagrophytes (M-93), and 
Trichophvton tonsurans (M-76) were sterilized by exposure of 15 min 
or less. Compound VI was significantly active against yeast and mold 
species. 


EXPERIMENTAL' 


Methyl hexahydro-2,3-dioxo-4-pyridinecarboxylate (I) was prepared 
by transesterification of ethyl hexahydro-2,3-dioxo-4-pyridinecarboxylate 
(4), using sodium methoxide in methanol. Recrystallization from meth- 
anol gave an analytical sample, mp 155-156O; I R  3.05 (NH), 5.91 (C=O 
ester), 6.02 (C=O amide), and 8.05-8.15 (COC ester) pm. 


Anal.-Calc. for C I ~ H I ~ N ~ O ~ :  C, 49.12; H, 5.30; N, 8.18. Found: C, 
49.02; H, 5.53; N, 8.07. 


Methyl 1-(3,4-dichlorobenzyl)-hexahydro-2,3-dioxo-4-pyridine- 
carboxylate (VI) was prepared as follows. To a mixture of 51.3 g (0.30 
mole) of I in 1000 ml of toluene was added 24 g of  sodium hydride (60%) 
i n  mineral oil (i.e., 14.4 g, 0.60 mole). The mixture was stirred and refluxed 
for 1.5 hr and cooled to room temperature, and 58.5 g (0.30 mole) of I1 was 
added rapidly. Then the mixture was stirred and refluxed for 18 hr and 
cooled to 15-20", and 2.0 ml of methanol and 30 ml of acetic acid were 
added. With the temperature maintained a t  10-15". the mixture was 
diluted with 800 ml of water. 


The toluene layer was separated, and the aqueous layer was extracted 
with 300 ml of toluene. The combined organic layers were washed with 
500 ml of water, dried (magnesium sulfate), and concentrated to dryness 
in oacuo. The oily residue was washed with 3 X 100 ml of cold hexane and 
crystallized from 125 ml of toluene to give 9.40 g (9.5%) of the product, 
mp 94-99O. 


Further recrystallization from toluene gave the analytical sample, mp 
99-101"; IR: 5.92 (ester C=O), 6.00 (amide C=O), 8.00 (COC ester), and 
no NH a t  3.00-3.30pm; NMH (deuterochloroform): d 2.56 (t ,  2, pyridine, 
5-CH2), 3.36 (t, 2, pyridine, 6-CH2), 3.86 (s, 3, OCHs), 4.61 (s, 2, NCH2Ar), 
7.01-7.20 (m, 3, phenyl CH), and 11.10 ( m  exchanges with D20,1,  pyri- 
dine, 4-CH) ppm. 


Melting points were determined on a Mel-Temp apparatus, and those below 
230° are corrected. IR spectra were'determined a s  mineral oil mulls with a Per- 
kin-Elmer 137H speclrophotometer. NMR spectra were obtained on a Varian A-60A 
instrument with tetramethylsilane as an internal standard. 
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Anal.-Calc. for C ~ ~ H ~ ~ C I ~ N O J :  C, 50.93; H, 3.98; N. 4.24. Found: C, ( 3 )  M. .J. Golden and K. A. Oster, J .  Am. Pharm. Assoc., Sci. Ed.,  36, 


(4 )  K. Hasse and A. Weiland, Chem. Rer., 93, 1686 (1960). 
51.10; H, 4.02; N, 4.27. 359 (1947). 
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Abstract 0 Theophylline, guaifenesin, and henzoic acid were determined 
by reversed-phase high-pressure liquid chromatography without inter- 
ference from active andlor vehicle decomposition. A degradation product 
of sucrose, 5-hydroxymethylfurfural, can he identified and quantified 
in liquid samples simultaneously. 


Keyphrases 0 Theophylline-analysis, high-pressure liquid chroma- 
tography, in liquid and solid pharmaceutical dosage forms, stability 
Cuaifenesin-analysis, high-pressure liquid chromatography, in liquid 
and solid pharmaceutical dosage forms, stability D Benzoic acid- 
analysis, high-pressure liquid chromatography, in liquid and solid 
pharmaceutical dosage forms, stability 0 High-pressure liquid chro- 
matography-analysis of theophylline, guaifenesin, benzoic acid in liquid 
and solid pharmaceutical dosage forms 


Determination of active components and preservatives 
in pharmaceutical products subjected to aging and stress 
requires a highly specific method. The actives and pre- 
servatives must be determined in the presence of vehicle 
degradation as well as their degradation products. 


Vehicle degradation is particularly critical in syrups, 
where the decomposition of hexose sugars results in a series 
of complex reaction products (1-3). Resulting UV-ab- 
sorbing species, such as 5-hydroxymethylfurfural, can 
interfere with some assays (4). 


Theophylline and guaifenesin, widely used in asthmatic 
preparations, have been assayed by various methods. 
Spectrophotometric determinations are rapid but non- 
specific unless the actives are separated from interfering 
species adequately (5-7). 


While GLC methods demonstrate greater specificity, 
derivatization is generally required to avoid excessive 
tailing due to the polar nature of theophylline and guai- 
fenesin (8-15). In addition, theophylline sodium glycinate, 
a commonly used water-soluble form of theophylline, is not 
readily soluble in organic solvents required by GLC 
methods. 


Determination of theophylline and guaifenesin by 
high-pressure liquid chromatography (HPLC) in biological 


b 


(3) 


0 2 i ii i lb ,i 1.4 ;fj 


MINUTES 


Figure 1-Representatice chromatogram of an  elixir. The  concentra- 
tions of components i n  the sample ioere: ( I ) ,  benzoic acid, 0.01 mglml; 
(2). theophylline sodium glycinate, 0.2 mglml; (3). guaifenesin, 0.067 
mglml; and (4) ,  nwthylparaben internal standard, 0.1 mglnil. 
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Abstract The hioavailability of seven commercial trisulfapyrimidine 
suspensions was studied in 14 adult male volunteers. Fifteen blood 
samples were collected over a 48-hr period following administration of 
a 1-g dose of each suspension. Serum was assayed for each component 
(sulfadiazine, sulfamerazine, and sulfamethazine) by high-pressure liquid 
chromatography. Analysis of variance indicated several significant dif- 
ferences among the seven commercial preparations with respect to C,,,, 
T,,,, and AUC for sulfadiazine, sulfamerazine, and sulfamethazine. The 
in uitro behavior of each suspension was then studied by the paddle 
method of the Food and Drug Administration. A 0.5-ml sample was in- 
troduced into 900 ml of hydrochloric acid (2.2 X M )  a t  37" and dis- 
solved using a paddle speed of 25 rpm. Samples withdrawn a t  15 and 30 
min were analyzed by high-pressure liquid chromatography, and the 
percent of sulfadiazine, sulfamerazine, and sulfamethazine was calcu- 
lated. Significant correlation was obtained between an in uiuo parameter 


for sulfadiazine) and an in uitro parameter (percent sulfadiazine 
dissolved in 30 min). Results indicate that this method is suitable for the 
in uitro screening of trisulfapyrimidine suspensions. 


Keyphrases Bioavailability-ttisulfapyrimidine suspensions, com- 
pared to in uitro dissolution behavior, various commercial preparations, 
screening methods o Trisulfapyrimidine suspensions-bioavailability, 
compared to in uitro dissolution behavior, various commercial prepara- 
tions, screening methods 0 Dissolution, in uitro-trisulfapyrimidine 
suspensions, compared to bioavailability, various commercial prepara- 
tions, screening methods Screening methods-trisulfapyrimidine 
suspensions, bioavailability compared to in uitro dissolution behavior, 
various commercial preparations 


I n  vitro dissolution testing offers a convenient and in- 
expensive means of predicting bioavailability differences 
among different tablet and capsule formulations of the 
same drug. However, in  vitro studies for suspension dosage 
forms have not been reported. Because suspensions ex- 
posed to aqueous fluids are similar to the disintegrated 
form of tablets and capsules, these dosage forms also may 
show dissolution rate-limited absorption. Thus, i n  vitro 
dissolution rate studies are needed on drugs commonly 
available on a multisource basis as suspensions. Drugs of 
this type include various sulfonamide derivatives. 


Such studies also require in vivo testing of various 
brands of the same drug to establish comparative bio- 
availability. The results of i n  vitro testing can then be 
correlated with in  vivo results and also can be used as a test 
of lot-to-lot variability of suspensions produced by the 
same manufacturer. With this type of information, in vivo 
testing can be eliminated, lot-to-lot specifications can be 
developed, and rapid screening procedures for new sulfa 
drug suspensions could become available. 


Several reports (1-3) dealt with the dissolution behavior 
of drugs in suspensions. The bioavailability and dissolutipn 
rates of sulfa drugs also were investigated (4-11). Although 
bioavailability differences among various sulfonamide 
dosage forms were reported, attempts to correlate i n  vitro 


dissolution data with in uiuo bioavailability data were 
unsuccessful (7-11). 


The objective of this research was to establish a suitable 
dissolution test method for correlating in viuo comparative 
bioavailability data of different commercially available oral 
trisulfapyrimidine suspensions. This objective required 
investigation of both the i n  vitro and i n  viuo parameters. 
By using a specific high-pressure liquid chromatographic 
(HPLC) method, the behavior of each trisulfapyrimidine 
component was studied separately. 


EXPERIMENTAL 


Bioavailability Study-Prior to admission to the study, 14 healthy 
adult males were given a complete medical examination; a medical history 
was taken, and laboratory tests were performed, including complete blood 
and urine tests. Subjects were accepted for the study only if all laboratory 
test results were within the normal range accepted by the examining 
physician. The average age of the subjects was 23.4 years (range of 
21.2-29.3 years), the mean weight was 77.6 kg (range of 61.2-86.2 kg), and 
the mean height was 182.5 cm (range of 175.3-193.0 cm). They could not 
take chronic medications of any kind for a week prior to the study and 
any drugs during the entire test period. 


Subjects were informed of all study details, the potential hazards of 
participation, and the benefits. They were also informed that they could 
withdraw from the study a t  any time for any reason. Toward the latter 
stages of the study, one suhject developed a rash. It probably appeared 
gradually and was noticed only after administration of the fifth dose of 
the drug. This suhject was not allowed to receive the remaining two 
scheduled treatments (Weeks 6 and 7), and the missing values were es- 
timated statistically by the method of I,i (12). 


The seven (A-C) commercial trisulfapyrimidine suspensions' were 
supplied by the Food and Drug Administration (FDA). To eliminate any 
possible residual effects, each subject received the seven different brands 
(A-G) in a complete crossover design. A 10-ml dose of each suspension 
(providing a total of 1.0 g of sulfa drug) was administered in the morning 
to the subjects after an overnight fast. The suspensions were shaken well, 
and 10-ml doses were withdrawn into glasssyringes. The doses were then 
administered by emptying the contents of the syringe into the mouth. 
The syringe was rinsed once with 10 ml of water, which was also emptied 
into the subject's mouth. Drug dose delivery was accurate to within 0.1% 
of the stated volume. 


Each subject was then instructed to drink an additional 110 ml of water. 
Subjects were allowed to eat lunch after abstaining from all food for 3 hr 
after drug administration. Doses were administered every alternate week, 
the time interval of 2 weeks being considered adequate for virtually 
complete drug elimination. 


Preliminary pharmacokinetic data indicated that 15 blood samples 
were adequate to obtain a complete blood level profile. Samples were 
collected a t  0,0.167,0.332,0.50,0.75, 1.0,2.0,3.0, 4.0,6.0,8.0,12.0,24.0, 
30.0, and 48.0 hr. All blood samples were obtained by venipuncture with 


I A, Trisem, lot C53747. Beecham-Massengill Pharmaceutics, Bristol, Tenn; 
B, Terfonyl. lot 60080, E. R. Squibb and Sons, Princeton. N.J.; C, Sullaloid. lot 
17612. Westerfield Laboratories, Cincinnati, Ohio; D, Trisureid. lot 5M249. Reid 
Provident Laboratories, Atlanta, Ga.; E. Quad-Ramoid. lot 28431, Paul H. Elder 
Co., Bryan, Ohio; F, Sulfose, lot 19.51619, Wyeth Laboratories, Philadelphia, Pa.; 
and G .  Neotrizine, lot 9ND79A, Eli Lilly and Co., Indianapolis, Ind. 
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Table I-Mean (fSD) Values of In Vivo Parameters  of Sulfadiazine ( I ) ,  Sulfamerazine ( II ) ,  and Sulfamethazine (111) Obtained for 
Seven Commercial Trisulfapyrimidine Suspensions (A-C) a f t e r  Administration to 14 Subjects 


~~~ ~ 


In Viuo Product 
Parameter A R c D E F c 


VmAXI d m l  
I 12.1 f 2.0 11.9 f 1.7 11.2 f 1.6 


11 27.3 f :1.5 27.4 f 4.1 25.3 f 3.7 
111 19.6 f 4.3 19.6 f 5 .3  18.5 f 5.0 


3.9 f 1.3 3.3 f 1.1 4.4 f 1.6 
2.6 f 1.4 2.8 f 1.3 3.9 f 1.8 
1.1 f 0.9 1.2 f 0.7 1.3 f 0.7 


13.9 f 2.3 12.6 f 2.2 12.1 f 3.0 
I I  29.0 f 2.8 28.6 f 4.1 28.7 f 6.0 


I I I  19.4 f 3.9 20.4 f 4.5 20.4 f 4.6 


10.4 f 2.4 
24.1 f 4.5 
15.8 f 4.1 


4.3 f 1.4 
4.1 f 2.0 
2.1 f 1.1 


11.0 f 2.7 
27.6 f 4.4 
18.5 f 5.2 


9.3 f 2.1 9.1 f 2.5 6.0 f 1.6 
23.0 f 3.4 24.3 f 4.4 18.0 f 4.9 
16.3 f 5.0 16.3 f 5.2 18.0 & 5.7 


4.9 f 1.3 5.1 f 1.5 4.6 f 1.4 
5.6 f 2.6 4.7 f 1.8 4.8 f 1.7 


2.7 f 1.0 2.1 f 0.9 1.5 f 0.8 


10.8 * 2.5 11.1 f 3.4 7.8 f 2.6 
27.6 f 3.2 28.5 f 3.9 25.6 f 6.6 
20.0 f 4.7 29.6 f 4.2 20.6 & 5.4 


Table  11-Mean ( fSD)  Percent of Sulfadiazine, Sulfamerazine, and  Sulfamethazine Dissolved in 15 and 30 min by the  Paddle Method 


Sulfadiazine Sulfamerazine Sulfamethazine 
Product 15 rnin 30 min 15 min 30 min 15 min 30 min 


84.5 f 2.3 A 64.9 f 3.4 84.2 f 3.7 71.4 f 2.4 91.1 f 2.3 
B 79.5 f 1.8 92.5 f 2.3 84.8 f 2.6 98.3 f 2.2 84.2 f 2.7 97.8 f 2.7 
c 44.3 f 3.9 67.3 f 4.4 39.0 f 3.5 58.9 f 4.1 44.6 f 4.0 65.0 f 4.2 
I) 84.5 f 2.4 99.1 f 1.2 83.8 f 2.6 98.7 f 1.4 83.9 f 2.6 98.9 f 1.4 
E: 46.4 f 4.7 53.5 f 4.9 28.3 f 3.0 32.7 f 3.3 19.5 f 1.8 25.7 + 1.5 


63.3 f 2.4 


F 
G 


21.6 f 2.9 
8.3 f 1.7 


41.7 f 4.4 
23.5 f 4.0 


41.7 * 2.9 
10.2 f 2.4 


42.5 f 5.1 
26.6 f 3.5 


23.0 f 3.5 
11.9 f 2.5 


42.1 f 6.6 
28.9 f 3.5 


6-ml silicone-coated vacuum tubes2. Samples were refrigerated and al- 
lowed to clot before being centrifuged a t  3500 rpm. Serum was separated 
from the clot with the aid of a Pasteur pipet, transferred to a 4-ml glass 
vial, and frozen until assayed. Samples were assayed for sulfadiazine, 
sulfamerazine, and sulfamethazine by the HPLC procedure described 
here. 


Dissolution Methodology-The dissolution of seven trisulfapyrim- 
idine suspensions (A-G) was determined at  37" in 900 ml of a dissolution 
medium (Medium M) consisting of 899 ml of distilled water to which 1 .O 
ml of 0.2 M HCI was added. The medium pH was checked at  the start and 
at the end of each experiment and was fairly constant at  3.4. A low stirring 
rate of 25 rpm was chosen since other work had demonstrated very rapid 
dissolution of some trisulfapyrimidine suspensions with higher stirring 
rates. 


The apparatus consisted of a cylindrical 1OOo-ml round-bottom flask3, 
which was secured in a multiple-spindle dissolution drive apparatus4 and 
immersed i n  a controlled-temperature bath" maintained a t  37". Each 
spindle was provided with an independent clutch so that any spindle 
could he stopped without disturbing the others. The apparatus was ca- 
pable of achieving speeds from 25 to 250 rpm f 5% of the preset speed. 
The flask was equipped with a Plexiglas cover with a center port for entry 
of  the paddle shaft and three side ports for sample introduction and re- 
moval. The paddle6, consisting of a 7.6-cm polytef blade attached to a 
polytef-coated, 0.95-cm stainless steel shaft. was positioned exactly 2.5 
cm above the flask bottom. 


The suspension (0.5 ml) was introduced carefully into the bottom of 
the flask using a I -ml  syringe with an attached 17.8-cm stainless steel 
needle8. Paddle rotation was engaged and controlled a t  a constant 25 rpm. 
Previous dissolution trials indicated that Products A-D dissolved a t  a 
much greater rate than did Products E and F, and that the dissolution 
of Product G was very slow. On the basis of the preliminary data, 15- and 
3O-min sampling times were selected. 


Samples were withdrawn with 5-ml glass syringes through an attached 
7.6-cm. 20-gauge stainless steel needleY secured to the flask cover and 
positioned to extend 6.8 cm into the dissolution medium. Thirty seconds 
prior to sample removal, the needle was cleared of any remaining fluid 
by withdrawing 3 ml o f  the medium and replacing it into the flask im- 


~~ ~ 


* Vacutainers. silicone-coated interior, 7-ml capacity, 13 x 100 mm, Becton 
llickinson and Co., Rutherford, N.J. 


No. 333710-51, Kimhle Products. Owens, 111. 
Spec. 72H, Hanson Research Corp., Northridge, Calif. 


Paddle shaft P//x in.) 65-700-001 with 3-in. Teflon blade 65-700-300. Hansen 
5 Blue M Electric Co., Blue Island, 111. 


' Teflon, du Pont. 
*Transfer set needle, Travenol Laboratories. Morton Grove, Ill. 


Research Corp.. Northridge. Calif. 


Pitkin spinal needle 1162, Becton Dickinson and Co.. Rutherford. N.J. 


mediately. A :bmI sample was then removed, filtered through a 13-mm, 
0.2-pm membrane filteri0 using a Swinny adaptor, and analyzed by 
HPLC for sulfadiazine, sulfamerazine, and sulfamethazine. An equal 
volume of drug-free Medium M was replaced in the flask immediately 
after sample withdrawal. 


After removal of the 30-min sample, the stirring rate was increased 
10-fold to ensure complete dissolution of the suspension; a final 90-min 
sample was removed lor analysis. Several additional samples were 
withdrawn after the 90-min sample in a few cases and were found to 
contain amounts of drug identical to the YO-niin sample. The amount of 
drug dissolved at  15 and 30 min was expressed as a percentage of this last 
sample. 


Analytical- All samples were analyzed for sulfadiazine, sulfamera- 
zine, and sulfamethazine by an HPLC method developed in this labo- 
ratory (13). Samples of sulfadiazine", sulfamerazine", sulfamethazine13, 
and sulfamethizoleI4 were used as received. All other materials were re- 
agent grade. 


For thein uivo study, a stock solution of trisulfapyrimidines was pre- 
pared by dissolving 100 mg each of sulfadiazine, sulfamerazine, and 
sulfamethazine in 0.1 M NaOH and adjusting the volume to 50 ml in a 
volumetric flask. The internal standard stock solution was prepared by 
dissolving 50 mg of sulfamethizole in 1 M NaOH and adjusting to volume 
in a 100-ml volumetric flask. Serum standards were prepared by taking 
appropriate small volumes of the stock triple-sulfa solutions and adding 
these to control serumL5. Ten microliters of internal standard solution 
was added to 0.2 ml of sample (standard or unknown) in a 1-ml vialI6 
followed by 0.1 ml of a 14% trichloroacetic acid solution. The samples were 
mixed and centrifuged'? at  2500 rpm for 15 min. 


Five microliters of the clear supernate was injected onto the columnla. 
Peak height ratios were calculated by dividing the peak height of the drug 
by the peak height of the internal standard. Calibration curves were 
constructed daily from results obtained from spiked control serum 
samples containing equal amounts of each trisulfapyrimidine in the 
1-30-pgiml range by plotting peak height ratios u m u s  concentration 
of the individual sulfa drug. 


For the in oitro study, a stock trisulfapyrimidine solution was prepared 
by dissolving 100 mg each of sulfadiazine, sulfamerazine, and sulfa- 
methazine in 0.1 N NaOH and adjusting the volume to 100 ml in a volu- 


lo Gelman Instrument Co.. Ann Arbor, 111. 
Lot R02114, Eli Lilly and Co., Indianapolis, Ind. 


'2 Lot M07059. Eli Lilly and Co.. Indianapolis. Ind. 
'3 Lot R02011, Eli Lilly and Co.. Indianapolis, Ind. 


Lot R159178. Ayerst Laboratories, New York. N.Y. 
15 Obtained from the Central Blood Bank. Pittsburgh, Pa. 


Reacti-Vials 13261, Pierce, Inc., Rockford. Ill. 
IEC EXD centrifuge 460C. Damon/IEC Division, Needham Heights, Mass. 


18 Waters Associates prepacked pBondapak C-18 column. 
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Figure ]--Mean ( i S D )  maximum serum concentrations (micrograms ppr rni / / ikter)  of sulfadiatine, su~farnPmrinct, and sulfumethnzinp obserL)ed 
in 14 subjects after oral administration of seven commercial trisulfapyrimidine suspensions. 


metric flask. Standards (2,4,10,20, and 30pg/ml) were prepared bydi- 
luting appropriate small volumes of the stock solution with 0.1 M NaOH. 
The internal standard solution was prepared by dissolving 100 mg of 
a~etaminophen '~ in hot water and adjusting the volume to 100 ml in a 
volumetric flask when cold. The solution prepared in this manner cor- 
responded to a concentration of 1 mg/ml. Ten microliters of internal 
standard solution was added to 0.2 ml of filtered dissolution medium 
sample in a 5-mI culture tube. The sample was mixed, and 5 pl  was in- 
jected onto the column1E. Standards were treated similarly, calibration 
plots being constructed daily by plotting individual sulfa drug peak height 
ratios uersus concentration. 


Data  Analysis-The peak serum concentration (C,J and the time 
of the peak concentration (T,) were obtained from the individual serum 
level versus time curves. The areas under the curve from 0 to 48 hr 
(AUC;') were calculated by the trapezoidal rule and then corrected for 
the area beyond the last data point to obtain the total area (AUC;). The 
individual AIJC," values were then "normalized" (14) by multiplying the 
calculated AUC; by the elimination rate constant (KE) obtained from 
the terminal linear portion of the serum level uersus time curves. These 
normalized areas were obtained for each of the three sulfa drugs in the 
suspensions: sulfadiazine (I), sulfamerazine (II), and sulfamethazine 
(111). 


For each parameter, one-way analysis of variance was carried out by 
the computerized statistical program BMD 08V (15). A repeated-mea- 
sures design permitted tests in the same subject of treatment interactions 
that would not be seen if each treatment were given to a different subject. 
The F ratios were compared with tabulated F ratios todetermine the level 
of statistical significance (with seven treatments and 14 subjects, df = 
6/76, taking into account two missing values, the minimum F value is 2.13 
for p < 0.05 and 2.89 for p < 0.01). Any statistical differences found 
among treatments were compared further to determine differences be- 
tween treatment pairs by Tukey's HSD tests (16). 


Dissolution data were based on the amount of drug added to the dis- 
solution medium. Thus, the concentration of the last sample (after 
complete dissolution of the suspension) represented 10036. Concentra- 
tions a t  all other sampling periods were expressed as a percentage of this 
last sample to obtain the percentage of drug dissolved in 15 and 30 min. 
For each sulfa drug, the means of 12 determinations for each trisul- 
fapyrimidine suspension were used for calculation of the linear correlation 
coefficients ( r )  between these in vitro measurements and the in uitw data 
obtained from the subjects. Tables of r values were used for determining 
the statistical significance of the correlations (with d l  = 5 for the prep- 
arations, the minimum r values are 0.75 for p < 0.05 and 0.83 for p < 
0.02). 


Lot X1667. Ruger Chemical Co.. Irvington, N.J. 


RESULTS 


For the 14 subjects, mean values of the in L ~ I L Y )  parameters are sum- 
marized in Table I for sulfadiazine ( I ) ,  sulfamerazine (I]), and sulta- 
methazine ( III ) ,  respectively. for  each o f  five parameters. 


Observed Maximum Serum Concentration (C,,,,)-The analysis 
of variance indicated statistically significant ( p  < 0.01) differences among 
the seven treatments administered with respect to 1-111. The F ratios were 
21.68 for I, 17.62 for 11, and 5.85 for 111. Tukey's HSD tests indicated that 
Product G was significantly ( p  < 0.01) different from all the other 
products and produced a much lower CmnX value for I and I1 but not for 
111 (Fig. 1). With respect to 111, significantly low C,,, values were ob- 
served with Product D. 


Time for  Maximum Serum Concentration (T,,,)-The analysis 
of variance indicated statistically significant ( p  < 0.01) differences among 
the seven treatments administered with respect to 1-111. The F ratios were 
3.85 for I, 6.80 for 11, and 8.06 for 111. Tukey's HSD tests indicated that 
the T,,, values were significantly higher with Products E and F for I, with 
Product G for 11, and with Product E for 111. 


Areas under the Curve-The analysis of variance of normalized areas 
indicated a significant ( p  < 0.01) difference among the seven treatments 
only with respect to I ( F  = 12.53). 'I'ukey's HSD tests applied t.o I indi- 
cated significantly low values for Products G,  D, E, and F. 


In Vitro Study-The mean ( iSD) percentage of  1-11] dissolved in 
15 and 30 min is shown in Table I1 for the seven trisulfapyrimidine sus- 
pensions. Analysis of variance of the data indicated large differences 
among the seven products with respect to 1-111. Tukey's HSD tests in- 
dicated statistically significant ( p  < 0.01) differences between most pairs 
of suspensions. 


In Vivo-In Vitro Correlation-For the three drugs, each in uirw 
parameter was correlated with the percent of drug dissolved in 15 and 
30 min for the seven suspensions. Significant values of the linear corre- 
lation coefficient were observed between: ( a )  percent of 1 dissolved in 30 
min and C,,,, ( r  = 0 . 8 6 , ~  < 0.0'2), ( b )  percent of I dissolved in 15 min and 
Cmax ( r  = 0.80, p < 0.05), ( c )  percent of I1  dissolved in 30 min and C,,, 
( r  = 0.76, p < 0.05). ( d )  percent of I1 dissolved in 30 min and T,,, ( r  = 
-0.85, p < 0.02). and ( e )  percent of I1 dissolved in 15 min and T,,, ( r  = 
-0.83, p < 0.05). 


DISCUSSION 


Significant bioavailability differences among commercial trisulfapy- 
rimidine suspensions were revealed by differences in the rate and extent 
of absorption of the individual suspension components. A number of 
differences were observed for C,,, and T,,,, but only a few were found 
for AUC. Thus, while the relative trisulfapyrimidine suspension bio- 
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availability was fairly uniform in terms o f  the extent of absorption, the  
absorption rate as  shown by C,,,, and T,,, was more variable. 


Of all the statistically significant differences observed for the com- 
parative bioavailability (bioequivalency) of the trisulfapyrimidine sus- 
pensions. the largest F ratio was in the  Cmax parameter for I. Product G 
showed the lowest mean C,,, value for I. Since significant differences 
in the A I ’C values also were observed only for I, the  dissolution charac- 
trristirs of I were the most closely monitored and the  variables in the  
dissolution study were controlled in such a way as  to correspond to these 
I n  r.ic,o study results. 


With the FDA paddle method, the  dissolution medium (pH 3.4) tha t  
wah most suitable for the  t.risulfapyrimidine suspensions contained 2.2 
X 10-’ M HCI with no added salts a t  a 37” temperature and a 25-rpm 
stirring rate. The  dissolution data  indicated large significant variations 
among the products. However, the absence of statistically significant ( p  
< 0.05) differences among the 12 determinations on any  one product 
indicated that the dissolution method was very reproducible. 


Of all the significant correlations for CmaX or T,,, with in ui t ro  pa-  
rameters. the greatest r value was between C,,, for I and t h e  percent of 
I dissolved in 30 min (Fig. 2) .  T h e  greatest bioavailability differences 
among the products also were observed for the C,,, parameter for I. The  
paddle dissolution method thus appeared to be a very strong indicator 
01’ the in tit:o situation and suitable to set  standards for the I and I1 
components of trisulfapyrimidine suspensions in terms of the  percent 
o f  drug dissolved in 30 min. 


A suitable guideline lor determination of a minimal dissolution s tan-  


dard might be t h e  mean percentage of drug ( I  or 11) dissolved in 30 min 
lor Products A-D. These values were 85% for I and  87% for 11. While 
dissolution s tandards could he s e t  for I and 11, it was not possible to  set  
a dissolution standard for 111 since a suitable in oiuo-in oitro correlation 
was not obtained for this component. However, the establishment of 
act ual s tandards tha t  require minimal performance of only one or two 
components of a multicomponent product would be a matter to be de-  
cided upon by the  appropriate regulatory agency. 


Additional work carried out  in these laboratories suggests that  simple 
1JV measurements for total trisulfapyrimidines could be used by deter-  
mining dissolution rate profiles of the suspensions. T h e  possibility of 
correlating in uitro data  with in uivo parameters is being explored. 
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Abstract 0 Flupenthixol dihydrochloride in aqueous solution oxidized 
to trifluoromethylthioxanthone, ethanol, and piperazine oia aldehydic 
and epoxidic intermediates in the presence of air. The formation rate of 
trifluoromethylthioxanthone increased with increases in pH and oxygen 
concentration. Buffer ions also affected the decomposition rate. Micelle 
formation by the drug markedly influenced its oxidation rate. 


Keyphrases 0 Flupenthixol dihydrochloride-decomposition in 
aqueous solution 0 Decomposition-flupenthixol dihydrochloride in 
aqueous solution 0 Tranquilizers-flupenthixol dihydrochloride, de- 
composition in aqueous solution 


The neuroleptic compound flupenthixol dihydrochlo- 
ride is unstable to light and heat (1). The drug is closely 
related chemically to phenothiazines, which are susceptible 
to oxidative decomposition (2). Many phenothiazines also 
form micelles in aqueous solution (3), and there is evidence 
that the degradation kinetics of promethazine are in- 
fluenced by micelle formation (4). 


The objectives of the present work with flupenthixol 
dihydrochloride were to identify its decomposition prod- 
ucts, to establish the degradation pathway in aqueous so- 
lution, and to examine some factors influencing the ap- 
pearance rate of the main decomposition product trifluo- 
romethylthioxanthone. The effect of drug concentration 
on the decomposition kinetics is also reported and related 
to the observed micelle-forming properties of flupenthixol 
dihydrochloride. 


EXPERIMENTAL 


A t  all times, flupenthixol dihydrochloride solutions were protected 
from light to prevent photodecomposition. 


Identification of Decomposition Products-The decomposition 
products were prepared by sealing 2-ml volumes of aqueous solutions (pH 
6.8) of flupenthixol dihydrochloride' in 10-ml ampuls and autoclaving 
at  115-1 16' for up to 6 hr. This procedure ensured that air was present 
in the ampuls. The decomposition products were isolated by TLC using 
the methods and materials previously described for amitriptyline hy- 
drochloride ( 5 ) .  The physicochemical techniques used to characterize 
the isolated products were also identical to those reported for ami- 
triptyline hydrochloride (5 ) .  


Rate Studies of Fluoenthixol Dihvdrochloride DecomDosi- 
tion-Flupenthixol Dihydrochloride Assay-Direct absorbance mea- 
surements can he used for assaying decomposing solutions of flupenthixol 
dihydrochloride a t  <pH 4 since the decomposition products do not in- 
terfere. There was no change in the general shape or shift in the absorp- 
tion maximum of the UV absorption curve with drug decomposition. In 
addition, results obtained from absorbance measurements were identical 
with those obtained using a specific colorimetric assay involving ex- 
traction of the base and reaction with palladium chloride (6). 


A calibration curve was constructed using solutions of flupenthixol 
dihydrochloride ranging in concentration from 0.5 to 2.5 mg/ml in 
McIlvaine citric acid-phosphate pH 3.0 buffer (7). The drug was stable 
in this buffer at  room temperature since no decomposition could he de- 
tected even after 1 month of storage. Each solution was diluted by a factor 
of 100 with 0.1 N HCI prior to the absorbance2 reading a t  230 nm. For 


I Lundheck Ltd., Luton. Bedfordshire. England. 
2 Pye Unicam SPl800 recording spectrophotometer. Pye Unicam, Cambridge. 


assay, the test solutions were diluted to within the concentration range 
of the calibration curve. 


Trifluoromethylthioxanthone Assay-The formation rate of triflu- 
oromethylthioxanthone' was followed by G L P .  A 1.5-m (5-ft) X 0.6-cm 
(0.25-in.) i.d. glass column was packed with 3% (w/w) OV-25 on Chro- 
mosorb W AW/DCMS4. The flow rates of hydrogen, air, and nitrogen 
were 83,450, and 28.5 ml/min, respectively. 


Calibration solutions of trifluoromethylthioxanthone ranging in con- 
centration from 0.2 to 3.0 mg/ml were prepared in ether5. A 1-ml aliquot 
of each solution was added to a 10-ml ampu16 containing 2 ml of the buffer 
used in the experiment. A 1-ml aliquot of a 0.5-mg/ml solution of diben- 
zosuberone7 in ether was added to each ampul to act as an internal 
standard, and the contents of each ampul were shaken and rotated for 
10 min. Subsequently, 2 pl of the ethereal extract from each ampul was 
injected into the chromatograph. A calibration plot of the peak height 
ratio of trifluoromethylthioxanthone to dibenzosuberone against the 
trifluoromethylthioxanthone concentration was constructed. 


Trifluoromethylthioxanthone was stable in the buffers used for the 
preparation of the calibration curve since there was no detectable de- 
composition even after 1 month of storage a t  room temperature. Test 
solutions were treated by extracting the contents of an ampul with 2 ml 
of the dibenzosuberone internal standard solution and assaying the re- 
sultant ethereal extract. 


Formation Rate of TrifluoromethylthioxanthoneThe influence of 
pH, buffer ions, and oxygen concentration on the formation rate of tri- 
fluoromethylthioxanthone was investigated. For all experiments, 2 ml 
of the appropriate solutions was pipetted into 10-mi clear glass ampuls6 
prior to storage at 70' in water baths covered to protect the contents from 
light. The trifluoromethylthioxanthone concentration was then deter- 
mined a t  various intervals by the GLC method. 


Decomposition Rate of Flupenthixol Dihydrochloride-The effect 
of concentration on the decomposition rate of flupenthixol dihydro- 
chloride was investigated by storing a series of solutions ranging in con- 
centration from 0.5 to 10.0 mg/ml in McIlvaine citric acid-phosphate pH 
3.0 buffer a t  80' in water baths covered to protect the contents from light. 
The residual flupenthioxol dihydrochloride in the solution then was as- 
sayed by the spectrophotometric method. 


Crit ical  Micelle Concentration (CMC) of Flupenthixol-The 
CMC of flupenthixol dihydrochloride in distilled water was determined 
a t  18" by the du Nouy tensiometerH method (8).  the specific conductance 
methodg, and pH measurements1° (9). CMC measurement of flupenthixol 
dihydrochloride a t  25, 40, and 50° in pH 3.0 McIlvaine citric acid- 
phosphate buffer was carried out by the du Nouy tensiometer method 
using a water circulator" for temperature control of the dish. 


RESULTS AND DISCUSSION 


With carbon tetrachloride-benzene (3:7 v/v) and silica ge112 plates, 
seven compounds, including flupenthixol, were separated. The R, values 
were: I, 0.79; 11, 0.63; III,0.55; IV, 0.40; V, 0.20; VI, 0.13; and VII, 0.00. 
Flupenthixol dihydrochloride did not move off the baseline during the 
separation and corresponded to VII. With the same system, trifluo- 
romethylthioxanthone was shown to have an Rf value identical to that 
of IV. Comparison of their mass fragmentation patterns, as well as UV, 
IR, and NMR spectra, confirmed that the two compounds were identi- 
cal. 


3 Pye Unicam 105 gas chromatograph equipped with flame-ionization detec- 


4 Perkin-Elmer Ltd. ,  Beaconsfield, Bucks, England. 
5 H.1I.H. Ltd., Poole, Dorset. England. 
6 Aldelphi Tubes  Ltd., I m d o n ,  England. 
7 Koch t i g h t  Ltd. ,  Colnhroiik. Rucks, England. 
8 Carnhridee Instrument Co.. Cambridge. England. 


tor. 


. .  
9 Zeta Meta Inc , New York, N.Y. 
10 Pye 290 Mk 2 pH meter, r y e  Unicarn, Cambridge, England. 
1 I  (;allenkamo Comoenstat. Gallenkamo Ltd , I ,ondm, England 


England 12 Camag DSP-5 grade, Camag, Switzeriand. 
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Figure 1-Influence of oxygen on the formation rate of trifluorometh- 
ylthioxanthone from 2 mg of flupenthixol dihydrochloridelml in p H  5.4 
Sorensen citrate buffer at  70'. Key: A, under oxygen; and W, under 
air. 


Product V reacted with 2,4-dinitrophenylhydrazine spray reagent to 
produce a bright-yellow color, indicating the presence of an active car- 
bony1 group. The mass spectrum showed a molecular ion peak at mle 306, 
corresponding to the molecular formula CleH9FsOS. The base peak was 
a t  mle 305, suggesting a ready loss of proton probably from an aldehyde. 
A major peak a t  mle 278, which can be interpreted as /%cleavage ac- 
companied by the loss of an aldehydic function, was observed. Therefore, 
Structure V was postulated. 


The IR spectrum confirmed the presence of a carbonyl function by 
exhibiting a sharp and intense peak a t  1665 cm-', indicative of a con- 
jugated aldehyde. On exposure to air, TLC showed that the compound 
was broken down to trifluoromethylthioxanthone. 


The mass spectrum of VI showed a molecular ion peak with an mle of 
336 and a base peak a t  mle 265, corresponding to one peak in the mass 
spectrum of V. The greater relative intensity of the latter peak in the 
spectrum of VI indicated that the side chain attached to the tricyclic 
nucleus must be more labile than in V. TLC data showed that the com- 
pound was more strongly adsorbed than the aldehydic Compound V (R /  
0.13 compared to 0.20) in the nonpolar benzene-carbon tetrachloride 
system. 


From a knowledge of IV and V, the presence of an oxygen atom or an 
alkene linkage seemed likely. The higher molecular weight relative to IV 
and V and the lower Rf value indicate the presence of an oxidized alkene 
linkage. No carbonyl absorption band could be detected in the IR spec- 
trum. Therefore, Structure VI was postulated. 


Such a structure would be expected to be very unstable, and exposure 
to air did indeed lead to the formation of trifluoromethylthioxanthone. 
Epoxides of similar compounds have been isolated (10). 


The mass spectra of 1-111 showed them to be high molecular weight 
compounds, which may be dimers of smaller molecules. Such dimerization 
was described for phenothiazines, which are structurally closely related 
to flupenthixol dihydrochloride (11). 


Piperazine and ethanol were also identified as products of side-chain 
decomposition. Methods developed by Uda et al. ( I )  were used for 
identifying piperazine, while ethanol was detected by GLCS with a Por- 
opak Q column*:l. 


VI 
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Figure 2-Effect of drug concentration on the decomposition rate of 
5 (A), 1 (01, and 0.5 ( W )  mg of flupenthixol dihydrochloridelml in p H  
3.0 Mclluaine citric acid-phosphate buffer a t  80". 


DAYS 


The decomposition pathway shown in Scheme I is postulated for flu- 
penthixol dihydrochloride (VII) and is similar to that determined for 
amitriptyline hydrochloride (5). Oxidation of the parent compound to 
the corresponding ketone uia several intermediates was observed with 
both drugs. The isolation of an epoxidic intermediate (VI) from the de- 
composed solution of flupenthixol dihydrochloride, but not from ami- 
tr iptyhe hydrochloride solution, is pmibly due to the greater instability 
of such an intermediate in the latter case. Isolation of V and VI indicates 
that, in flupenthixol dihydrochloride as with amitriptyline hydrochloride, 
the alkene bond linking the side chain to the tricyclic nucleus is not the 
only labile center in the molecule. 


The ketone, trifluoromethylthioxanthone (IV), was the major product 
of decomposition; its formation rate was affected by several factors. When 
5 mg of flupenthixol dihydrochloridelml a t  70' in Sorensen citrate buffer 
solutions (7), adjusted to an ionic strength of 0.3, was used, the formation 
of the ketone obeyed zero-order kinetics. The rate constants were 3.4 a t  
pH2.4,5.95atpH3.4,7.37atpH4.4,and 15.3pg/ml/dayatpH5.4.Thus, 
an increase in pH markedly accelerated the rate. 


The type of buffer system employed also affected the process. With 
the same drug concentration in pH 4.4 buffers (ionic strength adjusted 
to 0.2) a t  70'. the zero-order rate constants were 9.86 in McIlvaine citric 
acid-phosphate buffer, 3.99 in Walpole acetate buffer, and 7.37 pglmllday 
in Sorensen citrate buffer again. 


Storage of 2-mg/ml solutions of flupenthixol dihydrochloride in pH 
5.4 Sorensen citrate buffer under air and oxygen showed, as expected, 
that the formation rate of trifluoromethylthioxanthone was significantly 
increased in the presence of oxygen (Fig. 1). Zero-order kinetics were not 
obeyed a t  this drug concentration. 


The effect of flupenthixol dihydrochloride concentration on its deg- 
radation rate is shown in Fig. 2. The process was slowest a t  the highest 
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Figure 3-Relation between first-order rate constant and drug con- 
centration /or flupenthixol dihydrochloride in pH 3.0 Mclluaine citric 
acid-phosphate buffer at 80". 


concentration and obeyed first-order kinetics. At the lowest concentra- 
tion, the decomposition also approximated this order of reaction; a t  in- 
termediate concentrations, e g . ,  1 mg/ml, an initial slow rate preceded 
the more rapid decomposition phase. A control experiment was also 
carried out by sealing the 1-mg/ml solution under nitrogen and storing 
it a t  80". There was no detectable decomposition, even after 2 weeks of 
storage, which confirmed the oxidative nature of the decomposition. 


The micelle-forming properties of the drug were investigated in an 
attempt to explain the phenomenon portrayed in Fig. 2. The three 
methods used for determining the CMC of the drug in double-distilled 
water at 18' all gave comparable results (mean value of 3 mg/ml). Thus, 
the du Nouy method was chosen as the most convenient for determining 
the effect of temperature on the CMC in buffer solution. The CMC's of 
flupenthixol dihydrochloride at  25,40, and 50' in pH 3.0 Mcllvaine citric 
acid-phosphate buffer were 1.25, 1.12, and 1.00 mg/ml, respectively. 
There was a linear relationship between the logarithm of the CMC and 
the reciprocal of absolute temperature, and the extrapolated value of the 
CMC at 80" was estimated to be 0.80 f 0.05 mg/ml. 


The relationship between micelle formation and decomposition can 
best be seen by plotting the rate constants of flupenthixol dihydrochloride 
decomposition, calculated from the linear sections of each curve, against 


initial concentrations (Fig. 3). Where two reaction rate constants were 
observed for a particular solution, the faster final rate was used in plotting 
the results. The highest decomposition rate occurred for drug concen- 
trations below the CMC. Thus, micelle formation protected the drug from 
oxidation; as the drug concentration increased above the CMC, there was 
a corresponding rise in the relative proportions of the micellar to mono- 
meric forms of the drug and enhancement of this protective effect. Above 
approximately 3 mg/ml, the rate remained essentially constant (Fig. 3) 
since the monomeric form of the drug became negligible relative to the 
total. 


The biphasic nature of the data for the decomposition process observed 
a t  concentrations between the CMC and 3 mg/ml also can be attributed 
to micelle formation. Initially, with most of the drug in the micellar form, 
a slow decomposition rate was observed. As decomposition proceeded, 
the drug concentration fell below the CMC and the rate was accelerated. 
Above 3 mg/ml, a single rate of decomposition was observed because, 
within the time of study, the drug concentration did not fall below the 
CMC. 


The data presented for this class of oxygen-sensitive compounds show 
that not only pH, oxygen concentration, and buffer composition influence 
the decomposition rate but also that the ability of the drug to form mi- 
cellar structures can have a marked effect. 
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ml of xylene, and charged into a reaction flask. T o  this stirred mixture, 
51.06 g (0.60 mole) of 2-pyrrolidinone in 125 ml of xylene was added 
dropwise a t  60-80". The initial vigorous evolution of hydrogen abated 
after 1 hr. The mixture was heated to 1 40-150°, and 53.98 g (0.25 mole) 
of 1,4-dibromobutane in 100 ml of xylene was added dropwise. 


The mixture was then heated to reflux and refluxed for 17 hr. After 
cooling to 60". 8.6 ml of acetic arid was added, and stirring was continued 
for 10 min. The mixture was filtered using glass filter paper, and the solids 
were washed with 150 ml of benzene. The filtrate was concentrated under 
reduced pressure (water pump). Vacuum distillation (bath temperature 
of 140-190°, 0.4 mm Hg) removed unreacted starting materials. Upon 
cooling, the product solidified in the distillation flask. Recrystallization 
from benzene-cyclohexane afforded 35.1 g (63%) of product, mp 69-77". 
A second recrystallization gave analytically pure material, mp 82.5-85'; 
IR (potassium bromide): 6.0 pm (C=O) .  


Anat.-Calc. for C12H20NP02: C, 64.26; H, 8.99; N, 12.49. Found: C, 
64.28; H, 8.91; N, 12.61. 
1,3-Bis-[N-(2-oxopyrrolidino)]propane (V1Ia)-This compound 


was obtained from 21.3 g (0.25 mole) of 2-pyrrolidinone, 20.2 g (0.10 mole) 
of trimethylene bromide, and 16.8 g (0.40 mole) of a 57% mineral oil  
dispersion of sodium hydride according to the procedure for VIIb. 
Workup and distillation gave 16.5 g (79%) of liquid, bp 177"/0.96 mm; 
IR (film): 5.97 pm (C=O). 


Anal.-Calc. for CllHIXNZ02: C ,  62.83; H, 8.63; N, 13.32. Found: C, .. ~ ~ 


62.95; H, 8.72; N, 13.28. 
1.3-Bis-~N-~3-ethoxaIvl-2-oxo~~rrol~d~no~luro~ane (VIIIa)-A _ _  . .  


suspension of 16.8 g (0.40 mole) of a 57% mineral oil dispersion of sodium 
hydride in 140 ml of dry tetrahydrofuran was heated to reflux. T o  it was 
added a solution of 58.5 g (0.40 mole) of djethyl oxalate and 21.0 g (0.10 
mole) of VlIa in 260 ml of dry tetrahydrofuran dropwise with stirring. 
Hydrogen evolution was monitored with a mercury bubbler. 


After completion of the addition, the mixture was refluxed for 15 hr. 
After cooling to room temperature, 23 ml of acetic acid was added, and 
stirring was continued for 15 min. The mixture was poured into 1500 ml 
of ice water with stirring, and the precipitate was filtered and dried in 
a vacuum desiccator. Trituration with 50 ml of petroleum ether (bp 
30-60") and filtration gave 19.8 g (48%) of product, mp 121-123". He- 
crystallization from 95% ethanol led to the pure compound, mp 124.5- 
126". 


Anal -Calc. for C I ~ H ~ ~ N ~ ~ R :  C, 55.60; H, 6.39; N, 6.83. Found: C, 
55.63; H, 6.42; N, 6.58. 


I,4-Ris-[N-(3-ethoxalyl-2-oxopyrrolidino)]butane (VII1b)-This 
compound was obtained from 11.2 g (0.05 mole) of VIIb, 29.2 g (0.20 mole) 
of diethyl oxalate, and 8.42 g (0.20 mole) of a 57% mineral oil dispersion 
of sodium hydride according to the procedure for VIIIa. Workup gave 
13.0 g (61%) of solid, mp 142-147". Recrystallization produced an ana- 
lytically pure product, mp 146-148'. 


Anal.-Calc. for C20H28N208: C, 56.60; H, 6.65; N, 6.60. Found: C, 
56.42; H, 7.14; N, 6.69. 


Pharmacological Testing-P-388 Assay-Ascitic fluid containing 
about 6 X 1oG cells was inoculated intraperitoneally into male CDFl mice. 
In this assay, median survival times of %T/C 1 125 are considered sig- 
nificant. The compounds were administered by the intraperitoneal route 
in a saline plus alcohol vehicle. Nine daily doses were given, starting 24 
hr after tumor inoculation. 


R16 Mehnocarcinorna Assay-B16 melanocarcinoma homogenate 
(dilution 1 : lO)  was inoculated intraperitoneally into male BDFl mice. 
In this assay, median survival times of %T/C 1 125 are considered sig- 
nificant. Administration and dosing of compounds were the same as for 
the P-388 testing. 
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Abstract  0 A method for rapidly testing large numbers of chemical 
structures as potential modulators of the interaction between immuno- 
globulin E (IgE) and its specific receptors on rat peritoneal mast cells is 
described. IgE, isolated from the ascitic fluid of a transplantable rat IgE 
immunocytoma, is labeled with iodine-] 25 under mild conditions 
employing the Bolton-Hunter reagent. The antibody is incubated with 
mixed peritoneal cells a t  37", and the cell-bound IgE is separated from 
unbound label by sedimentation through an 8% sucrose-polymer solution 
in microsediment tubes. Optimal conditions for the interaction of 3 nM 
IgE with 3 X lo5 mast cells in 150 p1 are: incubation time, 2 hr; pH, 6.57.0; 


The immunologically induced secretion of mediators 
of anaphylaxis by sensitized rat or human mast cells ex- 


and ionic strength, equivalent to 150 mM NaCI. Mixed peritoneal cells 
hind IgE with an affinity equal to that of purified mast cells. Human IgE 
pentapeptide 111 and several antiallergic agents do not compete with rat 
IgE in this assay. 


Keyphrases Immunoglohulin E-binding to mast cells, in oitro 
method for screening inhibitors Binding-immunoglobulin E to mast 
cells, i n  uitro method for screening inhibitors 0 Inhibitors-immuno- 
globulin E to rat  peritoneal mast cells, in oitro screening method 


posed to the appropriate antigen triggers a series of in- 
tracellular events that require Ca2+, involve an activatable 
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Figure I-Diagram of the polyethylene microsediment tube. The 
capillary is cut between the crimp point and the cell pellet. 


serine protease, can be blocked by metabolic inhibitors, 
and are modulated by cyclic nudeotides (I). Sensitization 
of the mast cells is accomplished by the binding of immu- 
noglobulin E (IgE) to specific receptors on the cell's surface 
and is long lived, a reflection of the high affinity of the 
process (2). 


Little attention has been paid to the possibility of al- 
tering the IgE-mast cell interaction, although this ap- 
proach is potentially one of the most specific ways of in- 
terfering with the release of mediators. This paper de- 
scribes the development and optimization of an assay to 
measure directly IgE binding to mast cells. This procedure 
is a modification of previously reported assays (3,4) and 
permits the rapid study of large numbers of potential 
modulators. Also included is an evaluation of the putative 
inhibitor, human myeloma IgE pentapeptide I11 (51, and 
several antiallergic agents. 


EXPERIMENTAL 


Materials-Ethyleneglycol-bis(l3-aminoethyl ether)-N,N'-tetraacetic 
acid (I), a copolymer of sucrose and epichlorohydrin (11, mol. wt. -40,000), 
and zwitterionic buffers 2-(N-morpholino)ethanesulfonic acid (III), pi- 
perazine-N,N'-bis(2-ethanesulfonic acid) (IV), and N-2-hydroxyethyl- 


m 
I 


I I I I I I I 
1 2 3 4 5 6 7  


(BOUND SITES], M X 10'' 
Figure %-Titration of 12&I-IgE with unfractionated rat  mast cells. 
1251-lgE 10.89 nM, 3.0 X 1O1O cpmlpmole) was mixed with from 2 X lo6 
t o  4 X lofi  mast cells in a total volume of 210 pl. Blank values, deter- 
mined with a 100-fold excess of unlabeled IgE, weresubtracted from test 
values. The least-squares line, having a correlation coefficient of 0.99, 
extrapolated to a value of 0.72 nM sites bound a t  infinite cell concen- 
tration. A value of 3 X lo5 siteslcell was assumed in the calculation, 
although the actual number of sites per cell influenced only the slope 
of the line calculated (i.e., K.) and not the value of the concentration 
of bound sites at  infinite cell concentration (x-intercept). The molecular 
weight of IgE was assumed to be 183,000 (7). 


6.0 7.0 8.0 
PH 


Figure 3-pH-binding profile of 1251-IgE with unfractionated mast 
cells. Assays were run in triplicate, with the standard error of the mean 
indicated by vertical bars. Cell-bound counts of 1000 are equivalent to 
2 X pmole of Iz51-IgE. Key: A, 1251-lgE; and 0 ,  W - l g E  plus a 
100-fold excess of unlabeled IgE. 


piperazineN-2-ethanesulfonic acid (V) were used as obtained'. Calfskin 
gelatin2 was warmed to aid in its dissolution in buffers. 


The following antiallergic compounds were tested: theophylline', 1 - 
methyl-3-isobutylxanthine", 7-(2-hydroxyethoxy)-9-oxoxanthene-2- 
carboxylic acid sodium salt (VU4, 5,5-dimethyl-l l-oxo-5H,llH-(2)- 
benzpyrano[4,3-g](l)benzopyran-9-carboxylic acid ethanolamine salt 
(VII)5, doxantrazole6, disodium cr~moglycate~, etazolate hydrochlorides, 
and the prostaglandins1 El, Al, and Fz,,. Pentapeptide I11 (aspartyl- 
seryl-aspartyl-prolyI-arginineY) was subjected to amino acid analysis after 
a 22-hr hydrolysis and yielded the following molar ratios of aminio acid 
to proline: aspartic acid, 2.08; serine, 0.91; arginine, 1.01; proline, 1.0; and 
lysine, 0.01. Less than 10 nmoleslmg of peptide was detected for the 
amino acids. 


Bolton-Hunter reagentlo was purchased in vials of 500 pCi with a 
specific activity of 1500 Ci/mmole. Polyethylene capillary microsediment 
tubes" were selected to fit the adapted rotor holes of a small centrifugel2. 
Collodion bags for protein dialysis13 had an exclusion limit of 25,000 
daltons. Dimethyl sulfoxidel4 (grade 1) and other solvents' were ACS 
grade. 


Buffers-The buffer generally employed in isolating and washing cells 
(cell isolation buffer) had the following composition: 150 mM NaCI, 2.7 
mM KC1,O.l mM I ,  0.1% gelatin, and 1 mM NaH2P04; it was adjusted 
to pH 7.0 with sodium hydroxide. The buffer utilized in the assay solution 
(assay buffer) consisted of 500 mM NaCI, 9 mM KCI, 0.3 m M  I ,  0.32% 
gelatin, and 50 mM IV; it nlso was adjusted to pH 7.0 with sodium hy- 
droxide. 


The assay contained 50 pl of cells in cell isolation buffer, 30 flul of assay 
buffer, test compound, and labeled and unlabeled IgE in a total of 150 
pl. The final salt concentrations were 150 mM NaCI, 2.7 mM KCI, 0.1 mM 
I ,  0.1% gelatin, and 10 mM IV (pH 7.0). 


Cells-Mast cells were obtained by peritoneal lavage of male 
Sprague-Dawley rats16 (250-350 g). The animals were anesthetized with 


Sigma Chemical Co., St. Louis, Mo. The trade name of I I  is Ficoll; supplier's 
designations of other compounds are: I, ECTA; 111,  MES; IV, PIPES; and V. 
HEPES. .~~ 


2 Eastman Chemical Corp., Rncheskr. N.Y. 
Aldrich Chemical Co., Milwaukee, Wis. 
AH 7725, Allen and Hanburys Research Ltd., Hertfordshire, England. 
PR-DgP-EA, Pharma-Research Canada Ltd., Pointe Claire, Quehec, Cana- 


dn. -_ 
6 Wellcome Research Laboratories, Triangle Park, N.C. 
7 Fisons Corp.. Bedford, Mass. 
8 SQ 20,009, S uibb Princeton, N.J. 
Q Peninsula LaBoraiories, San Carlos, Calif. 


10 New England Nuclear, Boston, Mass. 
I1 No. 47/7, W. Sarstedt, h e . ,  Princeton, N.J. 
l2 Eppendorf 3200 microfu e, Bin-Rad Laboratories, Richmond, Calif. 
'3 Schleicher and Schuell, ieene,  N.H. 
1' Fisher Scientific, Springfield, N.J. 
l6 Charles River Laboratories. Cambridge, Mass. 
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Figure 4-Dependence of the binding of 1251-lgE to mast cells on ionic 
strength and divalent metal ions. (a) Each assay tube contained, in a 
total volume of 150 p l ,  1.5 pmoles of III (pH 7.0), 0.4 pmole ofpotassium 
chloride, 0.015 pmole of I, 150 pg of gelatin, 5.4-86 pmoles of sodium 
chloride, 3 X lo5 unfractionated mast cells, and 6.4 X pmole of 
I25l-IgE (specific activity of 2.8 X J05 cpmlpg). Cell-bound counts of 
1000 are equivalent to 2 X pmole of 1251-IgE. Contributions from 
111 and I to the sodium-ion concentration were calculated according to 
the Henderson-Hasselbach equation. Key: A, lzSI-IgE; and 0,  1251-IgE 
plus a 100-fold excess of unlabeled IgE (blanks). Vertical bars represent 
error of the means. (%) Each assay tube contained, in a total volume of 
150 $1, 1.5 pmoles of III (pH 7.0), 0.4 pmole of potassium chloride, 22.5 
pmoles of sodium chloride, 0.015 pmole of I, 150 pg of gelatin, 3 X 105 
unfractionated mast cells, and 6.7 X pmole of 1251-IgE (specific 
activity of 2.8 X lo5 cpmlpg). Calcium chloride (0.15-2.0 pmoles) or 
magnesium chloride (0.3-1.5 pmoles) was added to the various tubes. 
Key: 0, calcium; U, magnesium; and B, blanks. 


ether, decapitated, and exsanguinated before the injection of cold cell 
isolation buffer (-7 ml/animal) into the peritoneal cavity. Combined 
peritoneal washes were harvested by sedimentation a t  160Xg for 10 min, 
and the cell pellet was washed three times with cell isolation buffer (mixed 
cells). The final pellet was suspended in 1 ml of cell isolation buffer, an 
aliquot was stained with 0.1% toluidine blue in phosphate-buffered saline, 
and the mast cell concentration was determined with a hemocytome- 
ter. 


Purified mast cells were obtained by the method of Ishizaka et al. (6), 
except that cell isolation buffer was employed. The cells were kept a t  0" 
except during centrifugation, which was done a t  room temperature. 
Mixed peritoneal cells generally contained 5-1W mast cells, with a yield 
of 1-2 X lofi mast celldrat. Cells fractionated over I1 were generally 
5040% mast cells, with a yield of 0.5-1 X lofi mast cellslrat. Cells were 
diluted with cell isolation buffer such that 50 pl contained 2-3 X lo5 mast 
cells. 


IgE-Pure IgE was isolated from the ascitic fluid of a transplantable 
IgE immunocytoma (IR-162) grown in rats (7) .  The IgE-containing as- 
citesI6 was treated according to Kulczycki and Metzger (3), with certain 
 modification^^^, to yield a preparation of IgE that showed just two bands 
on 10% polyacrylamide gels subjected to electrophoresis under denaturing 
conditions (sodium lauryl sulfate and 8-mercaptoethanol) (8). The pu- 
rified IgE was stored as a dry lyophilized powderI7 a t  -80" after dialysis 
against 15 mM Na2HP04. 


1251-Labeling of IgE-The Bolton-Hunter reagent was used ac- 
cording to the manufacturer's directions (cf., 9); the charcoal filter was 
employed to trap volatile iodine compounds. The combination vial con- 
taining the dried reagent (500 pCi, 0.33 nmole) was chilled a t  -18" for 
2 hr and then placed in ice for 30 min to ensure that the insulated inner 
vessel was a t  Oo. A solution 01500 pg of IgE (3.3 nmoles) in 100-200 pI of 
ice-cold 0.1 M sodium borate buffer, pH 8.5, was injected into the vial, 
which was then mixed, centrifuged briefly, and set aside a t  0" over- 
night. 


The vial's contents were transferred with two rinses of 100 pl of 0.1 M 
sodium borate buffer (pH 8.0) into a collodion bag, and the combined 
solutions were dialyzed against the same buffer (for a total dilution factor 
of 106) a t  4O. The dialyzed solution was diluted to 2.0 ml with the pH 8.0 
borate buffer, and the specific activity was determined, using a value of 


16 Gift of Dr. H.  Metzger, National Institutes ot' Health. 
17 Dr. H. Metzger, National Institute of Arthritis, Metabolism, and Digestive 


Diseases, National Institutes of Health, Bethesda, MD 20014, personal communi- 
cation. 
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Figure 5-Approach to equilihrium measurement for the binding of 
lz5I-IgE to unfractionated rat mast cells a t  37". Each assay tube con- 
tained, in a total volume of 150 pl ,  3 X lo5 unfractionated mast cells, 
6.7 X pmole of lz5I-IgE (specific activity of 2.7 X 105 cpmlpgg; 1000 
cpm is equivalent to 2 X pmole of antibody), 1.5 pmoles of I I I  (pH 
7.0), 22.5 pmoles of sodium chloride, 0.4 pmole of potassium chloride, 
0.015 pmole of I, and 150 pg of gelatin. Key: A, lZ5I-IgE; and 0, 1251-lgE 
plus a 100-fold excess of unfabeled IgE. 


1.36 for E&'&,, (3). Specific activities ranged between 4 and 5 X 105 
cpm/pg of protein, 95-97% of which could be precipitated by 10% tri- 
chloroacetic acid in the presence of a 40-fold excess of bovine serum al- 
bumin. These values corresponded to -60% of radiochemical inctwpo- 
ration of iodine-125 into protein. 


The solution of 12sI-IgE was stored at 4' and was stable in borate buffer 
for a t  least 3 months. 


Binding Assay-Rat peritoneal mast cells (2-3 X lo5 cells/tube) were 
incubated with assay buffer. If desired, the test compound was added at 
this time to preincubate at  37" for 5 min prior to the addition of 1251-IgE. 
The labeled antibody was then added; incubation was continued for 2 
hr in a shaking water bath, which was adjusted to 150 cpm to keep the 
cells evenly suspended. The total volume of the assay was 150 pl ,  and the 
final concentrations of 12s11-IgE and the test compound were generally 
3 nM and 100pM, respectively. Other components present were 150 mM 
NaCI, 2.7 mM KCI, 0.1 mM I, 0.1% (w/v) gelatin, and 10 mM IV (pH 
7.0). 


After the incubation was completed, 75 pI was withdrawn from each 
tube, after first evenly distributing the cells, and layered over 250 pl of 
an 8% solution of I1 (made up in cell isolation buffer, with a final refractive 
index of -1.3455) in a polyethylene microsediment tube. Cell-bound 
radioactivity was separated from unbound 12511-IgE by centrifuging the 
cells a t  8000Xg for 2 min. The cell pellet then resided in the capillary tip 
of'the microsediment tube and was collected by cutting the tip off with 
a hot wire after first crimping, with a hemostat, the top of the capillary 
beneath the cell cushion of I1 (Fig. 1 ) .  


The tip was dropped into a plastic vial and was counted in a y-spec- 
trometer. If the effect of a test compound was measured, the control 
consisted of adding solvent (in which the test compound was added) alone 
to the mast cells and 12sI-IgE and treating the tubes in the same manner 
(e.g., with 5-min preincubation). The blank was obtained by adding a 
100-fold excess of unlabeled IgE to an additional three tuhes to check for 
nonspecific binding, entrainment of labeled antihody in the cell pellet, 
and background radiation. 


Many test compounds of interest were not soluble in aqueous buffers. 
Then the choice was to disperse them in a more or less homogeneous 
suspension by physical means (e.g., sonication) or to dissolve them in an 
organic solvent. I t  was convenient to dissolve most compounds in di- 
methyl sulfoxide, to dilute them with buffer, and to add them to the assay 
mixture such that the final dimethyl sulfoxide concentration was 0.17%. 
This low concentration of dimethyl sulfoxide did not affect the binding 
parameters of IgE to mast cells, nor did it affect the spontaneous release 
of histamine from the same cells. Cell viability after the assay under these 
conditions was about 60-8096 in control samples, as measured by trypan 
blue exclusion. 
p H  Profile-Labeled antibody was incubated with mast cells under 


standard ionic strength conditions (150 mM NaCI, 2.7 mM KCI, 0.1 mM 
I, and 0.1% gelatin) in the presence of different buffers at  10 mM. Buffers 
utilized for the different pH values were 111 (pH 6.0), IV (pH 6.5 and 7.0), 
and V (pH 7.5 and 8). The buffers were made up in stock solutions of 100 
mM, and the pH was checked for each sample after the buffer had been 
diluted to the same concentration and ionic strength as used in the 
assay. 
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Table I-Effects of Standard Antiallergic Agents on 1251-IgE 
Bindine to Rat Mast Cells a 
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Figure 6-Scatchard plot of the hinding of '251-IgE t o  onpurified rat 
mast cells. Each assay tube contained 3 X l a s  mast cells and 0.4-13 nM 
L2sI-IgE (specific activity of 1.65 X lo5 cpm/pg) in a total volume of 150 
pl. The points were run in triplicate, with a hlank (100-fold excess un- 
labeled IgE added to labeled IgE) subtracted from each point. The 
standard error of thp mpan is indicated hy bars. The least-squares line 
yielded values of 125,fKRI fgl.: receptor siteslcell with an affinity constant 
of 5 X lo8 M-I. The correlation coefficient for the plot is 0.99. 


RESULTS 


Binding Assay--The IgE isolated from IR-162 ascites had a high 
degree of purity as judged hy sodium lauryl sulfate gel electrophoresis. 
Autoradiography of the IgE laheled with Holton- Hunter reagent after 
electrophoresis yielded a pattern identical to the stained bands. Over 96% 
of the labeled antibody could he precipitated with trichloroacetic acid, 
and approximately 80%) of the iodinated IgE could he hound by mast cells 
as assessed from the intercept value ol'a Scatchard analysis of the binding 
data (Pig. 2)  in which hound and free r ~ c c p t o r  sites were the vari- 
ahles. 


The'interaction of "sI-lgE with rat peritoneal mast cells was measured 
in an assay utilizing a facile, one-step separation of cell-bound labeled 
IgE from unhound antibody. In general, 6-12% of the total counts was 
bound to cells under the assay conditions. Optimal conditions for the 
interaction between IgE and its mast cell Feceptors on hoth purified and 
unfractionated mast cells were pH 6.5-7.0 (Fig. 3). ahout 150 mM NaCl 
( in  the presence of 2.7 mM KCI, 0.1 mM I,  and 10 mM buffer) (Fig. 4a) ,  
no magnesium or calcium (Fig. 4b), and 37'. Kinetic experiments a t  37" 
under the optimized conditions indicated that, a t  the IgE and mast cell 
concentrations employed in the assay (t1-5 nM and 1-2 X lo6 cells/ml, 
respectively), less than 2 hr was sufficient to establish equilihrium (Pig. 
5). 


A number of experimental observations with this system supported 
the conclusion that the hinding equilihrium of '251-laheled IgE was to a 
finite number of receptors on mast cells, i . p . ,  was specific: 


1. A 100-fold excess of unlabeled IgE blocked the hinding of labeled 
IgE by greater than 95%. 
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Figure 74Jnlabeled IgE competition with '2sI-IgE binding to  purified 
rat mast cells. Each assay tube contained 2 X 2Os mast cells and 3 n M  
12sl-IgE (specific activity of 2.7 X lo5 cpmlpg); 9.7% of the total counts 
was bound to  cells in the control. The 150 for unlabeled IgE obtained 
from this plot is 3.5 nM. 


Inhibition 
of IgE 


100 MM Binding, 
Agent Control of Compound % f SEM 


Cell Bound, cpm f SEM 


Theophylline (10) 1 8 4 3 f 4 7  1 7 1 7 f 1 7  7 f 3  
Methylisohutylxanthine (1  1) 1843 f 47 1746 f 98 5 f 8 
Doxantrazole (10) 1843 f 47 1589 f 156 15 f 11 
VI (10) 1 8 4 3 f 4 7  1 8 8 6 f 4 1  O f 5  
VII (12) 1 8 4 3 f 4 7  1 7 4 3 f 7 8  6 f 7  
Etazolate hydrochloride (10) 1843 f 47 1982 f 180 -5 f 8 
Disodium cromoelvcate (10) 1703 f 35 1622 f 108 5 f 12 


~ ~~ ~ 


a These assays were performed using unfractionated cells. The final dimethyl 
sulfoxide concentration was 0.67%. and a 1 00-fold excess of unlabeled IgE inhibited 
labeled IgE binding by 93%. Greater than 25% inhibition is regarded as signifi- 
cant. 


2. Greater than 98W1 of the binding activity of '2511-IgE could he elim- 
inated by heating the antibody preparation a t  56" for 4 hr. 


3. Scatchard plots, according to Conrad et al .  (4) (Fig. 6),  on hoth 
purified mast cells and mixed peritoneal cells yielded the same binding 
parameters for both cell preparations. An average of eight experiments 
gave the number of binding sites per cell f SEM as 2 f 0.4 X lo5, the 
affinity constant K ,  f SEM as 6.4 f 0.9 X lo8 M - I ,  and the correlation 
coefficient f SEM as 0.96 f 0.01. These data were not corrected for the 
apparent inability of 20% of the labeled IgE to bind to mast cells. Conrad 
et al. (4 )  ohtained values of 3 X 10" for sites per cell and about loy M-'  
for K O .  


4. A dose-response inhibition curve ohtained by adding variable 
amounts of  unlabeled I& to a constant amount of lzSI-IgE (Fig. 7) gave 
a normal dose-response with an 150 value equal to the concentration of 
labeled antibody. 


The extent o f  antibody hinding was not affected by 10 mM NaN:<, 
suggesting that cellular AL'P is not required for receptor- antibody in- 
teraction. 


Anaphylactic Agents-Several compounds with demonstrated 
antiallergic activities were assayed a t  100 p M  as inhibitors of IgE hinding. 
However, none demonstrated significant inhibition (Table I).  Since 
prostaglandins are known to interact with mast cell membranes (13), 
three representatives (Al, El, and F.L(") were tested a t  10 fiM for their 
ability to inhibit the antibody receptor formation. All were inactive. 


Pentapeptide-Experiments to test the inhibition of binding of 
12KII-IgE to mast cells by unlabeled peptide were performed (Table 11). 
The data demonstrate that a 100-fold excess of unlabeled IgE inhibited 
labeled IgE binding by 95% and that, within experimental error, a large 
excess of pentapeptide did not affect antibody binding to the recep- 
tor. 


DISCUSSION 


Desirable features for an assay for measuring the binding of '2511-labeled 
IgE to rat peritoneal mast cells are the availability of a pure antibody 
preparation and a gentle labeling procedure that yields a native product 
of high specific activity. The first condition was fulfilled by the existence 
of rodent immunocytoma lines from which IgE could he readily isolated 
(7). The preparation reported here showed two major bands on sodium 
lauryl sulfate and 8-mercaptoethanol gel electrophoresis, with apparent 
molecular weights corresponding to the heavy and light chains of IgE 
(-76,000 and 20,000 daltons, respectively). 


Table 11-Ability of Pentapeptide to  Compete for  IgE Binding 
Sites on Ra t  Mast Cells 


Inhibitor- 
1251- I~E  cPm/pund/ 


Inhibitor Ratio" CPmboundb 


100 0.05 f 0.02 
0.93 f 0.22 
1.10 f 0.16 
1.07 f 0.29 
1.12 f 0.28 


1.2 x 104 
1.2 x 105 


1.2 x 106 


IgE 
Pentapeptide 


4.8 x 105 


* Inhibitor-1261-lgE is the molar ratio of the particular inhibitor investigated to 
1251-labeled IgE, whose concentration in these ex eriments was between 0.1 and 
1 nM. There were about 2 X I@ rat mast cells/a/&uot counted. cpm{,,q and 
cpm'&,,.d are cell-hound counts in the presence ( I )  and absence (C) of inhifitor, 
respectively. 
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The second condition can be fulfilled hy one of several methods. For 
example, 14C-phenylisothiocyanate can be used under nondenaturing 
conditions to label antibodies without loss of activity (14). However, 
because of its high specific activity, iodine-125 is still most often the 
isotope of choice, although the laheling procedures frequently utilize 
oxidizing agents such as chloramine-T or hydrogen peroxide. Conrad et 
al. (4) found that less than 50% of the IgE labeled with chloramine-T 
oxidation could be bound to rat mast cells. However, Kulczycki and 
Metzger (3) found that up to 80% of the IgE labeled by the same method 
bound to rat basophilic leukemia cells. The findings reported here indi- 
cate that  80% of the IgE reacted with Holton-Hunter reagent could be 
bound to mixed peritoneal cells (Fig. 2). even after 3 months of storage 
at 4' in borate buffer. The fact that unlabeled IgE inhibited with an Is0 
equal to the concentration of 1251-IgE (Fig. 7) provided additional support 
that the labeled antibody is native and that its binding is not affected by 
the reaction with Bolton-Hunter reagent. 


The assay reported here incorporates the approach of Kulczycki and 
Metzger (3) with certain significant modifications. The use of an 8% so- 
lution of I1 as a cell cushion and of microsediment tubes in the isolation 
of cell-bound radioactivity provided a more facile and reproducible assay. 
Considerable savings of time and animals were made possible by the use 
of mixed peritoneal cells. A protocol with optimal ionic strength, pH, and 
time of incubation conditions for the interaction of myeloma IgE with 
rat mast cells has been elaborated in this paper. Although high concen- 
trations (10 mM) of calcium and magnesium appeared to inhibit the 
binding of IgE to mast cells, the inclusion of low amounts of Ca2+ (0.1-1 
mM) may be desirable to maintain membrane and cell integrity. Ade- 
quate shaking during the incubation was important for reproducible 
results. 


Compounds that lyse mast cells, making them incapable of penetrating 
the sucrose-polymer (11) cushion in the microsediment tube (Fig. l ) ,  show 
up as apparent inhibitors of IgE binding. Therefore, active compounds 
should be examined for their ability to release cytoplasmic enzymes. In 
these inhibition studies, concentrations of test compound and '2SI-IgE 
of 100 pM and 3 nM, respectively, were generally employed. The cytolytic 
activity of some agents may be circumvented by decreasing the concen- 
trations of compounds and antibody (keeping the ratio constant) and by 
increasing the specific activity of IgE by reacting less protein (see Ex- 
perimental) with Bolton-Hunter reagent. 


The insensitivity of the assay system to low concentrations of dimethyl 
sulfoxide has facilitated the testing of lipophilic compounds. A concen- 
tration of solvent that not only does not affect the binding parameters 
of IgE to i t s  receptor hut also does not affect the interaction of the drug 
with the cells must be used. Dimethyl sulfoxide was found to be more 
suitable than dimethylformamide, acetone, or ethanol, both as a solvent 
for dissolving compounds and for its lack of interaction with the biological 
system (data not shown). To avoid solvent-drug artifacts, however, di- 
methyl sulfoxide should be used a t  a final concentration below 0.2% 
(v/v). 


This assay to quantitate cell-hound ligand appeared more convenient 
than the micromethod suggested by Davis et a t  (15), which employed 
a two-tube assembly with a quartz-wool filter to trap the cells. Whereas 
the method described here had a one-step sedimentation procedure for 
separating cell-bound counts, the method described by Davis el a1 re- 
quired three washing steps. 


Pentapeptide 111, Asp-Ser- Asp-Pro- Arg, was reported by Hamburger 
(5) to inhibit the Prausnitz-Kustner (P.-K.) reaction. This finding im- 
plied that the pentapeptide could block the binding of IgE to its mast cell 
receptors. Direct binding studies (16) of pentapeptide 111, as well as the 
competition experiments reported here, failed to indicate strong ( K ,  < 


5 X lo5 M-I)  or specific binding. This finding was supported by the report 
(17) that the pentapeptide did not affect the binding of human IgE to 
human basophils, nor did it hlock antigen-induced histamine release. 


Two recent communications (18,19), however, supported Hamburger's 
(5) original results. One article stated that the pentapeptide could inhibit 
antigen-induced degranulation of rat mast cells in several models, as 
assessed by the estimation of the number of degranulated mast cells in 
a mixed peritoneal cell sample (18). These researchers suggested that the 
pentapeptide could interfere with both IgE-mast cell interactions and 
IgE-antigen combination. The other article reported the inhibition of 
whealand flare reactions by the pentapeptide when used against certain 
antigens in the human Prausnitz-Kustner and baboon passive cutaneous 
anaphylaxis sjstems (19). The experiments reported here, however, failed 
to show any evidence of a specific interaction between pentapeptide 111 
and the IgE receptors on rat mast cells. 


This assay should facilitate the discovery and characterization of 
modulators of the binding of IgE to its mast cell receptor. 
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GERALD J.  PAPARIISLI.0 


EDWARD G. RIPPIE 


CONSISTENCY IN STABILITY TESTING 


For various reasons, we don’t watch much in the way of television pro- 
grams at  our house, but the other evening we took in a football game. 
During this battle of the gridiron, one of the commercials was an adver- 
tising spot for a long-life automobile battery. The emphasis of this ad- 
vertising pitch was the confidence the motorist could place in the reliability 
of the product to start his or her automobile “month after month after 
month. ” 


To a significant extent, pharmacists, physicians, and patients ex- 
pect-and even assume-that this kind of long-term potency will be found 
to at least a comparable degree in the drug products that they dispense, 
prescribe, or consume. Unfortunately, however, such faith is sometimes 
misplaced. Drug products generally deteriorate with time; some do so 
faster $ban others, to the point that a significant possibility may exist that 
the product-just as the rundown auto battery on the coldest day of 
winter-won’t work, or do the job expected of it, when it is really need- 
ed. 


Solution of this problem is complex and involves at least three broad 
elements: ( a )  stability testing to determine if the product deteriorates, 
how it does so, and at what rate, ( b )  packaging and storage conditions that 
can be employed to minimize instability and enhance effective shelflife; 
and ( c )  expiration dating to inform users how long the product can be 
relied upon to perform satisfactorily given the proper conditions of 
packaging and storage. 


Over the past decade, industry, regulatory agencies, the official com- 
pendia, and the pharmacy profession have all been deeply involved in the 
subjects of packaging, storage, and expiration dating of drugs. Specifica- 
tions have been developed and implemented for “tight” and “well-closed” 
containers; sharper standards have been developed for light protection; 
numerical definitions have been established for storage temperatures, such 
as “cold,” “cool,” “room temperature,” “warm,” and “excessive heat”; 
guidelines for expiration date timetables, and requirements as to the drugs 
to be covered, have been established; and so on. 


However, less apparent progress has been made in reaching agreement 
on criteria in the first and most fundamental area; namely, how stability 
testing is to be conducted. Specifically, agreement is needed on uniformity 
of approach with regard to systematic, consistent, and standardized testing 
and test procedures. 


But it now appears that this gap is about to be filled. At  several con- 
ferences for drug industry technical and scientific personnel this past 
October, Food and Drug Administration spokesmen devoted their pre- 
sentations to the subject of stability testing. In one instance, the FDA of- 
ficial predicted that FDA would be issuing stability “guidelines” within 
a month or two. If his prediction is accurate as to timing, the promised 
guidelines may have appeared before this column is published. 


At  another conference, a second FDA speaker focused on some specifics 
in describing “what FDA expects from stability testing.” He stated, for 
example, that accelerated study data to establish a tentative two-year 
expiration date on a drug product should contain at  least three months 
of storage at 37 to 40° Celsius and 75% or higher relative humidity. He also 
touched on the test intervals to be employed in conducting stability tests; 
specifically, he recommended “at the initial date of manufacture, three, 
six, nine, 12,18, and 24 months, and each year thereafter. The tentative 
expiry date may in this manner be extended to whatever shelflife may 
be justified by data from these studies. ” 


Enough in the way of details was provided to suggest that what FDA 
has on the drawing board will offer clear and understandable directions, 
whether or not there is agreement outside the agency as to their scientific 
validity in fulfilling the intended purpose. 


Hence, without in any way prejudging the anticipated guidelines in this 
latter regard, it is welcome news that some definitive proposals are well 
along in the regulatory pipeline. The existence of guidelines alone should 
go far in resolving the present hodge-podge approach to stability testing 
of drug products. 








Anal.-Calc. for C ~ ~ H ~ ~ C I ~ N O J :  C, 50.93; H, 3.98; N. 4.24. Found: C, ( 3 )  M. .J. Golden and K. A. Oster, J .  Am. Pharm. Assoc., Sci. Ed.,  36, 


(4 )  K. Hasse and A. Weiland, Chem. Rer., 93, 1686 (1960). 
51.10; H, 4.02; N, 4.27. 359 (1947). 
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Abstract 0 Theophylline, guaifenesin, and henzoic acid were determined 
by reversed-phase high-pressure liquid chromatography without inter- 
ference from active andlor vehicle decomposition. A degradation product 
of sucrose, 5-hydroxymethylfurfural, can he identified and quantified 
in liquid samples simultaneously. 


Keyphrases 0 Theophylline-analysis, high-pressure liquid chroma- 
tography, in liquid and solid pharmaceutical dosage forms, stability 
Cuaifenesin-analysis, high-pressure liquid chromatography, in liquid 
and solid pharmaceutical dosage forms, stability D Benzoic acid- 
analysis, high-pressure liquid chromatography, in liquid and solid 
pharmaceutical dosage forms, stability 0 High-pressure liquid chro- 
matography-analysis of theophylline, guaifenesin, benzoic acid in liquid 
and solid pharmaceutical dosage forms 


Determination of active components and preservatives 
in pharmaceutical products subjected to aging and stress 
requires a highly specific method. The actives and pre- 
servatives must be determined in the presence of vehicle 
degradation as well as their degradation products. 


Vehicle degradation is particularly critical in syrups, 
where the decomposition of hexose sugars results in a series 
of complex reaction products (1-3). Resulting UV-ab- 
sorbing species, such as 5-hydroxymethylfurfural, can 
interfere with some assays (4). 


Theophylline and guaifenesin, widely used in asthmatic 
preparations, have been assayed by various methods. 
Spectrophotometric determinations are rapid but non- 
specific unless the actives are separated from interfering 
species adequately (5-7). 


While GLC methods demonstrate greater specificity, 
derivatization is generally required to avoid excessive 
tailing due to the polar nature of theophylline and guai- 
fenesin (8-15). In addition, theophylline sodium glycinate, 
a commonly used water-soluble form of theophylline, is not 
readily soluble in organic solvents required by GLC 
methods. 


Determination of theophylline and guaifenesin by 
high-pressure liquid chromatography (HPLC) in biological 


b 


(3) 


0 2 i ii i lb ,i 1.4 ;fj 


MINUTES 


Figure 1-Representatice chromatogram of an  elixir. The  concentra- 
tions of components i n  the sample ioere: ( I ) ,  benzoic acid, 0.01 mglml; 
(2). theophylline sodium glycinate, 0.2 mglml; (3). guaifenesin, 0.067 
mglml; and (4) ,  nwthylparaben internal standard, 0.1 mglnil. 
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Figure 2-Chromatograms of a liquid product. Key: A,  fresh sample; 
B ,  after 50° storage for 9 months; ( I ) ,  excipients; (2), benzoic acid; (3). 
theophylline; (4), guaifenesin; (5), 5-hydroxymethylfurfural; and (6, 
7, and a), unidentified decomposition products. 


fluids is highly specific for both actives in the presence of 
dietary metabolites and various other drugs (16-23). In this 
study using stability-indicating HPLC methods, theo- 
phylline, guaifenesin, and benzoic acid were determined 
in the presence of both active and vehicle degradation in 
liquid and solid pharmaceutical dosage forms. 5-Hydrox- 
ymethylfurfural, resulting from the degradation of sucrose, 
can also be measured by this method. 


EXPERIMENTAL 


Reagents-Acetonitrile', theophylline sodium glycinate*, guaifen- 
esin3, methylparaben4, benzoic acids, 5-hydroxymethylfurfuraI6, guaia- 
COF, and 1,3-dimethyluric acid' were used as obtained. All other chemicals 
were reagent grade and were used without further purification. 


Apparatus-A constant-flow, high-pressure liquid chromatographs 
was used in conjunction with a variable wavelength detectors. Effluents 
were monitored a t  230 nm. Peak areas were determined using an elec- 


~~ ~~ ~ 


1 Burdick & Jackson Laboratories, Muskegon. MI 49440. * Chattem Chemicals, c/o Austin Chemical Co., Chicago, IL 60631. 
3 Ganes Chemical, ,New York, NY 10036. 


Tenneco Chemicals. Chicago, IL 60630. 
6 Monsanto Co.. St. Louis, MO 63166. * Aldrich Chemical Co., Milwaukee, WI 53233. 


A d a m  Chemical Co., Round Lake, IL 60073. 
8 Model 830 with model 833. Du Pont, Wilmington, DE 19898. 
9 Model 837. Du Pont, Wilmington. D E  19898. 
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Figure 3-Relationship of retention time of benzoic acid to the pH of 
the buffer in the mobile phase. 


tronic digital integrator'0. The stainless steel column, 4.6 mm i.d. X 25 
cm, was obtained prepacked with 10-pm reversed-phase material". A 
sample injection valve was used to introduce the samples into the column 
inlet'*. The mobile phase was M sodium citrate-citric acid buffer 
adjusted to pH 4.15 and acetonitrile in the ratio of 9:l (v/v). The flow rate 
was 2 ml/min. 


Samples-The following formulations were investigated: tablet, elixir, 
and syrup containing theophylline sodium glycinate and tablet and elixir 
containing theophylline sodium glycinate and gueifenesinl3. The pre- 
servative in the liquid products was benzoic acid. Samples were assayed 
initially and after storage a t  30,40,50, and 65' for varying periods. 


Liquid preparations were diluted with water and an internal standard. 
Solid dosage forms were ground, wetted with alcohol, diluted with water, 
and stirred automatically for 1 hr. A filtered portion of the solution was 
diluted with water and an internal standard. Methylparaben was the 
internal standard for products containing both theophylline and guai- 
fenesin. The internal standard for single-entity theophylline products 
was guaifenesin. 


Assay-Standard and sample preparations, 20 pl, were injected into 
the chromatograph, and the peak areas were determined. The quantity 
of actives and preservative present was determined by comparing the 
peak area ratio of the sample to the respective peak area ratio of the 
standard of known concentration, where the ratio was component peak 
area divided by internal standard peak area. 


All standards demonstrated linearity over a region f20% of theoretical 
product content. The addition of sample blank to the standard did not 
alter the peak areas of interest. 


Figure 1 represents a typical chromatogram for elixir containing the 
active components theophylline sodium glycinate and guaifenesin and 
the preservative benzoic acid. 


RESULTS AND DISCUSSION 


Jensen (24) reported the hydrolysis of guaifenesin to guaiacol and 
glycerol by boiling guaifenesin with hydrochloric acid and the oxidation 


Autolab System IV, Spectra-Physics Corp., Mountain View, CA 94040. 


Model 7105, Rheodyne, Berkeley, CA 94710. 
*' Partisil-10-ODS. Whatman, Inc., Clifton, NJ 07014. 


l3 Dorsey Laboratories, Lincoln, NE 68501. 
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of guaifenesin with periodic acid to o-methoxyphenoxy acetaldehyde and 
formaldehyde. The extreme conditions required to degrade guaifenesin 
indicate that its decomposition is highly unlikely in pharmaceutical 
products subjected to several years of aging a t  normal conditions or 
several months a t  50-70'. The present study supports this assumption 
in that no significant loss in guaifenesin was observed for the products 
assayed. 


Cohen (25) stated that theophylline solutions subjected to strongly 
alkaline pH showed decomposition and apparent ring opening after 
several weeks and that theophylline was also susceptible to oxidation, 
resulting in the formation of 1,3-dimethyluric acid. 


Significant loss of theophylline was observed in liquid products 
subjected to 50-70' for several months. A comparison of the chromato- 
grams from fresh liquid products and high stress samples showed a loss 
in theophylline as well as increases in the 5-hydroxymethylfurfural peak 
and several additional unidentified peaks (Fig. 2). Sample blanks 
subjected to similar stress contained corresponding unidentified peaks. 
If  1,3-dimethyluric acid is present, it is well removed from the peaks of 
interest. 


The degradation of sucrose solutions results in a highly complex series 
of decomposition products, including 5-hydroxymethylfurfural. Because 
of the quasistable state of this strongly UV-absorbing species in solution, 
it is frequently regarded as an indication of vehicle decomposition (1). 


The amount of 5-hydroxymethylfurfural present in the sample can 
readily he quantified by the addition of this component to the standard. 
A study conducted on a liquid theophylline product indicated that de- 
creasing the pH over the 6-5 range decreased theophylline stability and 
increased the amounts of 5-hydroxymethylfurfural and a second un- 
identified vehicle decomposition product. 


The retention time of benzoic acid was highly sensitive to the mobile 
phase pH (Fig. 3). When the pH of the buffer in the mobile phase was 
adjusted to 4.15, the benzoic acid eluted between the last vehicle de- 
composition product peak and the theophylline peak. 
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Precaution in Use of High-pressure Liquid 
Chromatographic Simultaneous Plasma 
Procainamide a n d  N-Acetylprocainamide 
Determination 


Keyphrases 0 Procainamide-analysis, plasma, high-pressure liquid 
chromatography deproteinization uersus extraction methods 0 N -  
Acetylprocainamide-analysis, plasma, high-pressure liquid chroma- 
tography, deproteinization uersus extraction methods 0 High-pressure 
liquid chromatography-analysis, procainamide and N-acetylprocain- 
amide in plasma, deproteinization uersus extraction methods 


To the Editor: 
A high-pressure liquid chromatographic (HPLC) 


method for the simultaneous plasma procainamide and 
N-acetylprocainamide determination was reported re- 
cently from this laboratory (1) .  The method involved mi- 


crovolume acetonitrile plasma protein precipitation and 
injection of an aliquot of the resultant supernatant solution 
onto a cation-exchange column. Detection was by UV ab- 
sorption a t  274 nm. N-Acetylprocainamide and procain- 
amide eluted from the system with retention times of 4 and 
5 min, respectively, and appeared to be symmetrical peaks 
that were satisfactorily resolved from each other and other 
plasma components. Total analysis time per sample was 
-7 min. The  method required extremely simple sample 
preparation and short analysis time. The  purpose of this 
communication is to report some precautions in the use of 
this method. 


Due to an irreversible loss of column performance, a new 
cation-exchange column obtained from the same manu- 
facturer' was used as previously reported (1). This new 
column demonstrated that  the peak in patient samples 


1 Partieil PXS 10/25 SCX, Whatman, Clifton. N.J 
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High-Performance Liquid Chromatographic Assay for 
Imipramine, Desipramine, and 
Their 2-Hydroxylated Metabolites 
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Abstract 0 A high-performance liquid chromatographic method is 
presented for the simultaneous determination of imipramine, desipra- 
mine, and their 2-hydroxylated metabolites in plasma. The method in- 
volves a simple plasma extraction a t  basic pH with organic solvent, 
chromatography on a silica gel column, and fluorescence detection. 
Correlation with a GLC-mass spectrometric method for imipramine and 
desipramine is illustrated. The method can detect 1 ng of each compo- 
nent/ml of plasma, sufficient sensitivity for pharmacokinetic studies. 


Keyphrases 0 High-performance liquid chromatography-analysis, 
imipramine, desipramine, 2-hydroxylated metabolites in plasma 
Desipramine-analysis in plasma, high-performance liquid chroma- 
tography 0 Imipramine-analysis in plasma, high-performance liquid 
chromatography, metabolites Antidepressants, tricyclic-imipramine, 
desipramine, high-performance liquid chromatographic analysis in 
plasma 


Clinical monitoring of plasma imipramine is compli- 
cated by biotransformation of the tricyclic antidepressant 
into another therapeutic entity, desipramine, and by their 
low plasma concentrations (1). Recent studies also iden- 
tified hydroxylated metabolites in the brain following 
acute intoxication (2) and demonstrated biological activity 
of the 2-hydroxy metabolites of both compounds (3-7). An 
appropriate assay is needed to assess the potential im- 
portance of these metabolites in psychopharmacological 
and pharmacokinetic studies. 


Several methods for tricyclic antidepressant analysis by 
TLC (&lo), GLC (11, 12), and high-pressure liquid 
chromatography (HPLC) (13-16) have been published. 
However, few were applied to imipramine and desipramine 
determination in biological specimens, and none dealt with 
the 2-hydroxy metabolites. The imipramine and desipra- 
mine assays required either sophisticated instrumentation 
not readily available or multistep extraction and/or deri- 
vatization. The sensitivity achieved generally was not 
adequate for pharmacokinetic studies, even when large 
samples were used. 


An HPLC method for the simultaneous determination 
of plasma imipramine, 2-hydroxyimipramine, desipra- 
mine, and 2-hydroxydesipramine was developed. The 
procedure involves a simple extraction followed by sepa- 
ration of all four components and an internal standard in 
a single injection. High fluorescence sensitivity permits 
detection of 1 ng of each drug and metabolite in 1 ml of 
plasma. 


EXPERIMENTAL 
Reagents-Acetonitrile', ammonium hydroxide*, n-butyl alcohol1, 


Equipment-A high-performance liquid chromatograph3 with a sy- 
hexanel, and methanol' were spectroanaiytical grade. 


I Burdick & Jackson Laboratories, Muskegon, Mich. * "Baker Analyzed" reagent, VWR. Rochester, N.Y. 
DuPont model 848, Wilmington, Del. 


ringe-loading sample injector4, a 10-mv recorder5, and a fluorescence 
detectors were used. An excitation wavelength of 240 nm and a 370-nm 
emission filter gave optimum fluorescence under the assay conditions. 
Detector range settings of 0.05-0.2 m p  were sufficient for most analyses; 
limits of the range settings were 0.01-1.0 ramp. Chromatography was 
done on a 0.46 X 25-cm, stainless steel column packed with 5-pm (particle 
diameter) silica B/57. 


Assay Standards-Stock methanol solutions of desipramine hydro- 
chlorides (113 mg/100 ml), imipramine hydrochlorideg (113 mg/100 ml), 
2-hydroxydesipramine free baselo (10 mg/lO ml), and 2-hydroxy- 
imipramine free baselo (10 mg/lO ml) were prepared. 


Plasma standards were prepared by spiking drug-free plasma with the 
methanol solutions to give final concentrations of 5-500 ng of imipramine 
and desipramine/ml and 5-150 ng of the 2-hydroxy metabolites/ml. The 
internal standard was 200 pg of N-desmethylclomipramine hydrochlo- 
rideg/lO ml of methanol. 


Extraction-To 1 ml of plasma standard or unknown, 50 pI of internal 
standard solution and 300 pl of ammonium hydroxide were added in 
polypropylene test tubes. The mixtures were extracted with 1 mi of 20% 
n-butyl alcohol in hexane for 15 min on a reciprocating shaker. After 
centrifugation, the upper organic layers were transferred to clean poly- 
propylene tubes and evaporated to dryness a t  ambient temperature under 
nitrogen. Each extract was reconstituted just prior to chromatography 
with 100 pl of methanol, and 50 pl was injected. 


Chromatography-All chromatography was done a t  ambient tem- 
perature. The mobile phase was methanol-acetonitrile (1:5) plus am- 


T 
OY 


- 
21 15 9 3 0 


a 


T 
Oi? 


2 


- 
21 15 9 : 


h 


60 


z 
I- 
0 
W 


40 J 
LL 
w 
0 
I- 
2 
w 
0 
LT 


2 


20 f 


I 


- 
MINUTES 


Figure I-(a) Chromatogram of an extract of I mi of blank plasma. The 
extract was reconstituted with 100 p l  of methanol and the entire extract 
was injected. (b) Chromatogram of 100 pi of a methanol solution con- 
taining 50 ngI100 pl each of imipramine ( I  ), 2-hydroxyimipraminr (2 ) ,  
desipramine (3) ,  and 2-hydroxydesipramine ( 4 ) .  


Rheodyne model 7105 injection valve, Perkin-Elmer, Norwalk, Conn. 
Linear Instruments Corp., Scientific Products, Rochester, N.Y. 
F. S. 970 L. C.  fluorometer, Schoeffel Instrument Corp., Westwood, N.J.  


USV Pharmaceutical Corp., Tuckahoe. N.Y. 
' Perkin-Elmer Instrument Division, Norwalk. Conn. 


8Ciha Pharmaceutical Cu., Summit, N.J. 
lo Gift of Dr. Albert A. Manian. National Institute of Mental Health (NIMH). 


Hockville. Md. 
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Table I-Reproducibility of HPLC Standards 


Imipramine 2-Hydroxyimipramine Desipramine 2 - Hydroxydesipramine 
Mean Mean Mean Mean 


Concen- Peak Peak Peak Peak 
tration, Height CV, Height CV, Height SD, Height c v, 
nglml n Ratio Slope" % Ratio Slope" % Ratio Slope" % Ratio Slope" % 


5 6 0.17 0.034 5.8 0.32 0.064 9.4 0.18 0.036 11.1 0.11 0.022 13.6 
50 6 1.57 0.031 10.8 3.12 0.062 10.6 1.09 0.022 8.3 0.91 0.018 8.8 


150 6 5.07 0.034 5.5 9.61 0.064 7.4 3.15 0.021 6.0 2.84 0.019 2.5 
300 3 10.01 0.033 7.2 - - - 6.34 0.021 7.3 - - - 


a Slope = mean peak height ratio/concentration. 


Table 11-Recovery and  Within-Run Precision 


Concen- Imipramine Desipramine 
tration, c v, c v, 
nglml n % SD % % SD % 


Mean 68.5 2.0 3.0 65.5 2.0 3.1 
2-Hydroxyimipramine 2-Hydroxydesipramine 


10 5 .9 
50 4 %! k? ;.6 ;::: 32:; ?:; 


100 5 81.4 2.1 2.6 84.6 3.1 3.7 
Mean 81.7 2.0 2.4 85.3 3.0 3.6 


monium hydroxide (4 mllliter). The flow rate was 1.8 ml/min (-1100 
p i g ) .  


Quantitation-Peak height ratios of the drug or metabolite to the 
internal standard were plotted against concentration to obtain standard 
calibration curves for each compound. Plasma standards were included 
with each assay. 


RESULTS AND DISCUSSION 


Imipramine, desipramine, and their 2-hydroxy metabolites were sep- 
arated and eluted in -21 min (Fig. l b ) .  Blank plasma extracts yielded 
no interference from endogenous plasma components (Fig. la). 


Detector response was linear to plasma imipramine and desipramine 
concentrations of 5-500 ng/ml and to plasma 2-hydroxyimipramine and 
2-hydroxydesipramine concentrations of a t  least 5-150 nglml. All four 
lines passed through the origin. A t  least 1 ng of each componentlml could 
be detected by injecting the entire 1-ml plasma extract. 


Standard curve reproducibility for 1 month is indicated by Table I. 
The mean peak height ratio variation coefficients were approximately 
%10% lor each compound. Plasma with added iniipramine and des- 
ipramine stored in polypropylcnc tubes a t  -4' was stable for at least 3 


Table 111-Relative Chromatographcd Drug Retention Times 


Relative 
Retention 


Drug Time 


Fluphenazine 
Perphenazine 
Amitriptyline 
Chlorpromazine 
Mepazine 
Doxepin 
Promazine 
Imipramine 
Prochlorperazine 
2-Hydroxyiminodibenzyl 
2-Hydroxyimipramine 
Didesmethylimipramine 
'I'rifluopromazine 
Trifluoperazine 
Mesoridazine 
'I'hioridazine 
N-Desmethylclomipramine 
Desipramine 
2-Hydroxydesipramine 


0.05 
0.65 
0.68 
0.68 
0.70 
0.70 
0.93 
1 .oo 
1.10 
1.14 
1.15 
1.32 
1.35 
1 .a0 
1.90 
2.10 
2.15 
2.40 
2.90 


months. Similarly stored clinical serum specimens also were stable for 
a t  least 3 months. 


Drug and metabolite recoveries from plasma were estimated by com- 
paring the peak heights from spiked plasma extracts directly with those 
of methanol solutions. The entire plasma extract was injected, and the 
methanol solution concentrations were calculated to permit injections 
of the same volumes. Table I1 shows reproducible recoveries of each 
compound over the concentration ranges studied and within-run vari- 
ability of <5%. Studies of different concentrations were performed on 
separate days. 


Several drugs were tested chromatographically in methanol solutions 
for use as internal standards and for interference (Table 111). Drugs with 
relative retention times within 10% of the relative retention time of the 
experimental components could interfere with the assay. Therefore, 
complete medication histories are recommended before clinical or 
pharmacokinetic studies. 


Two other imipramine and desipramine metabolites, 2-hydroxyimi- 
nodibenzyl and didesmethylimipramine, were chromatographed; only 
the former metabolite was incompletely separated. Previous evidence 
suggests that this metabolite is present only in small amounts (17) and 
that its potential interference is insignificant. 


Other drugs that did not give fluorescent peaks within the analysis time 
were nortriptyline, protriptyline, diazepam, flurazepam, clorazepate, 
chlordiazepoxide, and scopolamine. 


N-1)esmethylclomipramine was chosen as the internal standard be- 
cause it eluted near, but was qompletely separated from, the experimental 
components and did not add to total analysis time. It is reproducibly 
extracted from plasma by the method presented but is unlikely to be 
present in specimens from patients receiving other tricyclics. Figure 2a 
illustrates a chromatogram of a patient specimen with added internal 
standard. The patient was receiving a daily (150 mg) imipramine main- 
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Figure 2-(a) Chromatogram of the extract of 1 mLof serum from a 
pativnt receiving imipramine. The extract tuas reconstituted with 100 
p l  of methanol; 5 0  p l  was injected. Concentrations measured were: im- 
ipmmine ( 1  ), 32 nglml; 2-hydroxyimipramine (2), 5 nglml; internal 
stnndard ( : I ) ,  desipramine ( 4 ) ,  134 nglml; and 2-hydroxydesipramine 
(5 ) ,  2Ynglml. (b) ChrornatoKram of a 1-ml blank plasma extract spiked 
with 50 nglml each of the drugs and metabolites. The extract iuas re- 
constituted with 100 p1 of methanol;50 p l  was injected. Peak identifi- 
cation is the same as in Fig. 2a. 
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GLC-MASS SPECTRAL CONCENTRATION, q /ml  


Figure LCorrelation between HPLC and GLC-mass spectral methods 
for plasma imipramine and desipramine analysis. For desipramine, the 
slope = 1.01, the intercept = 4.7, and the correlation coefficient = 0.943. 
For imipramine, the slope = 1.55, the intercept = -7.2, and the corre- 
lation coefficient = 0.960. 


tenance dose. Figure 26 shows a chromatogram of a plasma standard 
containing 50 ng/ml of each drug and metabolite and added internal 
standard. One milliliter each of the plasma standard and patient sample 
were extracted, and one-half of the extract was injected according to the 
procedure. 


Eighteen plasma specimens from seven patients participating in an 
NIMH study (5) and receiving imipramine or desipramine were assayed 
by the HPLC method and a GLC-mass spectrometric method (18) (Fig. 
3). The two assays showed excellent correlation, with a slope of nearly 
unity (1.01) for desipramine. The HPLC assay yielded higher results than 
the GLC-mass spectral method for imipramine. Imipramine and des- 
ipramine are stable at  least 3 months in plasma stored a t  -4O.  The NIMH 
samples were 6-15 months old a t  the time of HPLC analysis; therefore, 
interference in the fluorescence assay due to some unidentified degra- 
dation component(s) may explain the discrepancy between the methods 
for imipramine. Further comparison studies with fresh patient samples 
and spiked plasma are in progress. Data for the 2-hydroxy metabolites 
quantitated by GLC-mass spectra were not available for comparison. 
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Abstract 0 8-Chloroberberine (V),  obtained by treatment of oxyher- 
berine (1) with phosphorus oxychloride, is a reactive intermediate. 
Treatment with ammonia, methylamine, n-propylamine, aniline, and 
p-toluidine furnished the 8-berberinylidene derivatives IV and VII-X. 
Reaction of V with malononitrile, ethyl acetoacetate, and ethyl malonate 
anions yielded the 8-berberinylidene derivatives XII-XIV. Acid hy- 
drolysis of XIV gave 8-berberinylacetic acid (XV) whose reduction pro- 
vided 8-canadinylacetic acid (XVI). Grignard reagents react readily with 
V. Methylmagnesium iodide, ethylmagnesium iodide, and benzylmag- 
nesium iodide led to 8&dimethyldihydroberberine (XVII), 8,8-di- 


ethyldihydroherberine (XIX), and the benzyl derivative XX, respectively. 
Sodium borohydride reduction o f  XX gave rise to 8-benzylcanadine 
(>(XI) .  


Keyphrases 0 Chloroberberine-synthesis, derivatives 0 Protoher- 
berine salts-chloroberberine, synthesis, derivatives o Antibacteri- 
als-chloroberberine, synthesis, derivatives 0 Antiarrhythmics-chlo- 
roberberine. synthesis, derivatives 0 Tranquilizers-chloroberberine, 
synthesis, derivatives 


Protoberberine salts and tetrahydroprotoberberine effects. Protoberberine salt pharmacology was reviewed 
recently (1,2). 


The present report describes the structure of 8-chlo- 
roberberine (V) ,  a compound characterized partially by 


bases have wide pharmacological potency including tran- 
quilizing, antimicrobial, antifungal, hypotensive, antiulcer, 
uterine, antiarrhythmic, neuroleptic, and antipsychotic 
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Interaction of Digoxin and Montmorillonite: 
Mechanism of Adsorption and Degradation 
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Abstract IR, X-ray diffraction, and adsorption studies showed that 
digoxin is adsorbed onto montmorillonite by a reversible adsorption 
mechanism a t  pH 2 and 6. Degradation studies indicated abnormally high 
acid hydrolysis rates for digoxin interacted with montmorillonite. Ac- 
celerated digoxin degradation is attributed to the ability of the clay 
surface to concentrate both digoxin and protons. The effective pH at the 
clay surface appeared to be 1.5 pH units lower than the bulk suspension 
pH. Bisdigoxigenin was the major adsorbed degradation product. A 
similar catalytic effect also may occur with other neutral drugs that de- 
grade by acid hydrolysis and should be considered in the formulation of 
clay-containing drug products or their coadministration with other 
drugs. 


Keyphrases Digoxin-interaction with montmorillonite, mechanism 
of adsorption and degradation, IR, X-ray diffraction, and adsorption 
studies 0 Montmorillonite-interaction with digoxin, mechanism of 
adsorption and degradation, IR, X-ray diffraction, and adsorption studies 
o Interactions-digoxin and montmorillonite, mechanism of adsorption 
and degradation, IR, X-ray diffraction, and adsorption studies 


The adsorption mechanism of the cationic drugs clin- 
damycin and tetracycline by montmorillonite was eluci- 
dated recently using IR and X-ray analysis (1). Both drugs 
were adsorbed by cation exchange under pH conditions 
favoring the cationic form of the drug. Tetracycline also 
was found to complex with certain interlayer cations a t  
higher pH conditions where the zwitterionic or anionic 
forms were present. 


The application of IR spectroscopy and X-ray diffrac- 
tion to the study of drug-clay interactions was extended 
to neutral compounds using digoxin as the model drug. 
Interaction was possible since many neutral molecules are 
known to interact with clays by physical adsorption (2) and 
hydrogen bonding (3). In addition, a number of saccharides 
similar to digitoxose have been shown to interact with 
montmorillonite (4). 


Montmorillonite was used as a model clay because it 
possesses the highest surface area and exchange capacity 
of the clays commonly used in pharmacy. Since these 
properties are related directly to  clay adsorption mecha- 
nisms, the results obtained with montmorillonite should 
be useful in predicting the adsorption behavior of clay 
minerals having lower adsorptive capacities such as kao- 
linite and attapulgite. 


EXPERIMENTAL 
Materials-All chemicals were either official or reagent grade. An 


X-ray diffractogram of bentonite USP indicated that it was composed 
of montmorillonite and a small quantity of quartz. T o  study the clay 
component responsible for the adsorptive properties observed in ben- 
tonite USP, the <2-pm clay fraction was separated by sedimentation and 
collected (1). 


The cation-exchange capacity of the purified montmorillonite was 102 
mEq/100 g as determined by the ammonium saturation method (5). Of 
this total, metal-ion analysis by atomic absorption spectrometry' showed 


Model 290B, Perkin-Elmer Corp., Norwalk, Conn. 


Table I-Changes (in Angstroms) of Inter layer  Spacing of 
Montmorillonite Interacted with Digoxin 


pH 2.0 pH 6.0 
Digoxin- Clay Digoxin- Clay 


Washings Clay Control Clay Control 


1 4.6,0.2-3.0 0.9 4.6 1.4 
5 1.3 1.3 5.4 1.2 


10 1.3,2.5 1.2 4.9 1.3 


that  7.1% of the cation-exchange capacity was satisfied by calcium ions, 
2.7% by magnesium ions, and the balance by sodium ions. 


Adsorption Mechanism-One milliliter of digoxin stock solution [60 
mg/ml in chloroform-ethanol(l:l)] was added to clay aliquots and ad- 
justed with hydrochloric acid or sodium hydroxide to pH 2.0 or 6.0 to yield 
100 ml of a 1% montmorillonite suspension. After mixing and correcting 
for any pH change, the clay-drug system was equilibrated for 1 hr at 37'. 
Aliquots were then centrifuged a t  6000 rpm, the supernate was decanted, 
and the solids were resuspended in water adjusted to the initial mixture 
PH. 


T o  each washing was added enough chloroform-ethanol to achieve the 
original 1% (v/v) ratio of solvent to suspension. After 15 min of equili- 
bration, this procedure was repeated to give samples washed 1,5, and 10 
times. For these samples, clay-drug solids were resuspended in water to 
yield a 2% suspension. IR and X-ray analyses of these clay-drug samples 
were then performed (1). 


Effect of p H  on Adsorption-Three adsorbate solutions containing 
0.2 mg of digoxin were prepared from a digoxin stock solution (0.02 mg/ml 
in 50% ethanol) and labeled with 2.0 pCi of 3H-digoxin2 (specific activity 
of 12.8 mCi/mmole) in 100 pl of benzene-ethanol (1:9). These solutions 
were then added to clay suspensions containing 1 g of montmorillonite. 
The drug-clay mixtures were diluted to 1% clay suspensions and adjusted 
to pH 2,4, and 6. Interaction occurred at 37' over a 5-hr period. 


Aliquots were centrifuged for 30 min at 6000 rpm. Supernatant liquids 
were decanted into a second test tube to which a few crystals of sodium 
chloride were added to facilitate separation of the clay. The equilibrium 
concentration of the supernate was determined by quantitating the ra- 
dioactivity using liquid scintillation counting3 techniques. The counting 
efficiency was established using an external standard, and all samples 
were counted to a preset counting error of f2.0%. 


Effect of Montmorillonite on  Digoxin Degradation-Montmo- 
rillonite and digoxin samples were prepared as already described except 
that  pH adjustments were made to 2.0,3.0,4.0, and 5.0, and 40 pCi (2.0 
ml) of the 3H-digoxin stock solution was incorporated into each unlabeled 
digoxin solution. After immediate centrifugation for 30 min a t  6000 rpm, 
each sample was decanted, the solids were washed twice with chloro- 
form-methanol (l:l), and the two wash supernates were combined. 


This double extraction, together with the first supernate, showed 99 
f 9% recovery of the tritium label. Subsequent evaporation under a dry 
nitrogen stream to the aliquot volume yielded a concentrated radioactive 
solution representing adsorbed digoxin and any adsorbed degradation 
products. 


Labeled digoxin control samples were prepared without clay a t  pH 1.0, 
1.5,2.0, 2.5, and 3.0. Degradation was halted in each aliquot by adding 
1 N NaOH to bring the pH above 3.0. 


Twenty microliters of the desorbed (extracted) solutions and the 
control aliquots were spotted on precoated silica gel TLC plates4 and 
developed in ethyl acetate-chloroform-acetic acid (905:5) (6). A chlo- 


~~~ ~ ~~~~~~~~ 


* 3H-Digoxin, Amersham Corp., Arlington Hei hts, Ill. 
Isocap/300 liquid scintillation system (Searle .fnalytical, Des Plaines, Ill.) with 


E. Merck AG,barmstadt, Weet Germany. 
Riafluor (New En land Nuclear, Boston, Mass.) aa the scintillant. 
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Figure l-IR spectra of digoxin adsorbed by montmorillonite a t  pH 
2.0 and 6.0,37O. Key: a and d, one washing; band  e, five washings; c and 
f, 10 washings; and g, digoxin in potassium bromide. 


roform-isopropanol-acetone (80515) system (6) confirmed that total 
separation of digoxin and its degradation products was attained with the 
first system. 


The concentration of each component was determined by measuring 
the radioactivity level in 5-mm sections of the TLC plates. Each zone was 
scraped into a scintillation vial, mixed with scintillant, and counted. The 
components were identified by matching experimental Rf values with 
those of standard compounds. 


RESULTS 


X-Ray.-The X-ray diffraction dml spacing for montmorillonite in 
the absence of drug under the dehydration conditions used in this study 
was 9.6 A, indicating that no interlayer molecules (i.e., water or drug) were 
present in the control sample. Adsorption of drug molecules between the 
layers of montmorillonite increased the dml spacing; the difference be- 
tween the dml spacing of the expanded montmorillonite-drug system 
and the dml spacing of the collapsed montmorillonite-control system 
is designated as the Adml value. The Adml values for digoxin-mont- 
morillonite samples a t  pH 2.0 and 6.0 are listed in Table I. 


The minimum dimension of the drug was calculated to be 5.6 8, from 
a Corey-Pauling-Kolton (CPK) molecular model. Keying of the digoxin 
molecule in the oxygen surface of the montmorillonite layers may result 
in an apparent contact distance that is 1 A less than the true molecular 
dimension (7). This foreshortening agrees well with the experimental 
values reported in Table I. 


The Adml values due to digoxin interaction a t  pH 2.0 (Table I) differ 
from those at pH 6.0. Although a Adml of 4.6 A was observed after one 
washing for both pH 6.0 and 2.0, the pH 2.0 peak contained a shoulder 
indicating additional A d ~ l  values in the 0.2-3.0-A range. After five 
washings, only a Adml value of 1.3 A was detected. This Adml value was 


due most likely to nonaqueous solvent adsorption and was verified by 
an identical spacing in the control sample (Table I) where chloroform- 
methanol (1:l) was added without digoxin. This 1.3-A value is consid- 
erably less than the thickness of a single layer of solvent molecules and 
was probably due to irregular surface coverage. A Adml of 1.3 8, was again 
observed after 10 washings and was accom anied by a large shoulder 


uted to more complete and uniform solvent adsorption. 
The decrease in the Adml value from 4.6 to 1.3 A as a result of washing 


indicated that digoxin was no longer present between the clay layers and 
that simple washing facilitated desorption. Such behavior implies 
physical adsorption or hydrogen bonding as the means of digoxin- 
montmorillonite interaction. X-ray diffraction patterns of samples at 
pH 2.0 were more broad and of lower intensity than those observed at pH 
6.0. This finding suggests irregularly expanded clay sheets due to in- 
complete adsorptipn. The diffraction peaks of samples a t  pH 6.0 were 
very sharp and indicated a high degree of intercalation. 


IR-IR spectra for digoxin adsorbed by montmorillonite at pH 2.0 and 
6.0 are shown in Fig. 1. The absorption band a t  3620 cm-l was assigned 
to the OH-stretching vibration of the clay; water displayed an OH- 
asymmetric stretching band at 3420 cm-l and an OH-bending vibration 
a t  1630 cm-l. Digoxin absorption bands were evident a t  3520,3420,2920, 
and 1715 cm-l and in the 1445-1320-cm-' region. With repeated wash- 
ings, all drug band intensities decreased (Fig. 1, curves b, c, e, and f), in- 
dicating that desorption occurred readily. This reversible behavior is 
characteristic of weak bonding forces (8). 


The IR spectra of digoxin-montmorillonite support weak adsorption 
mechanisms. Generally, adsorption due to hydrogen bonding can be 
detected by shifts in the absorption bands of participating functional 
groups. Numerous hydroxyl groups, especially those in the digitoxoside 
portion of the digoxin molecule, might be expected to take part in hy- 
drogen bonding with the clay surface. Although these OH-stretching 
vibrations a t  3520 and 3420 cm-1 were readily apparent in the pH 6.0 
clay-drug sample, no shifts in frequency were noted (Fig. 1, curve a). 


Physical adsorption would be expected to result in isolated molecules 
of digoxin on the clay surface, thus reducing intermolecular hydrogen 
bonding between digoxin molecules (9,lO). Decreased hydrogen bonding 
causes stretching vibrations to shift to a higher frequency. Since this was 
not observed for the drug hydroxide bands (Fig. 1, curve a), it is suggested 
that hydrogen bonding between digoxin and the clay surface occurs hut 
that the energy levels involved are comparable to intermolecular bonding 
in digoxin (Fig. 1, curve g). The  digoxin carbonyl-stretching vibration 
shifted from 1745 to 1715 cm-1 as a result of interaction with montmo- 
rillonite. This shift to lower frequency further indicates hydrogen bonding 
as the principal adsorption mechanism, although van der Waals' forces 
also may contribute. 


At pH 2.0, the low concentration of adsorbed digoxin and the inter- 
ference from the OH-stretching frequency of water obscured any possible 
shifts in the OH-stretching vibrations of the drug as a result of interaction 
with montmorillonite. However, a shift in the carbonyl vibration from 
1745 to 1715 cm-' was apparent (Fig. 1, curved). 


Although the adsorption mechanism seemed to be the same for samples 
a t  pH 2.0 and 6.0, their relative intensities were quite different; the pH 
2.0 bands were substantially smaller than the corresponding ones at pH 
6.0. Since digoxin degrades by acid hydrolysis with the apparent first- 
order rate constant increasing below pH 3.0 ( 1  1-14), the smaller amount 
of adsorbate observed by IR and X-ray analysis a t  pH 2.0 was thought 
to be due to digoxin degradation. Therefore, the effect of pH on adsorp- 
tion and degradation was investigated. 


Effect of pH on Adsorption-Adsorption studies of tritiated digoxin 
were run a t  pH 6.0,4.0, and 2.0 (Table 11). The nearly complete adsorp- 
tion seen a t  pH 6.0 was expected based on the high ratio of adsorbent to 
adsorbate. A t  this pH, no acid hydrolysis occurred and the percent di- 
goxin adsorbed remained essentially constant at 90%. 


At pH 4.0, the initial adsorption of 87% decreased to 51% after 5 hr. 


indicating a concomitant Adml value of 2.5 K . This result can be attrib- 


Table 11-Effect of pH on Adsorption of Digoxin and Digoxin 
Degradation Products 


Tritium Label Adsorbed, % 
Hours DH 6 DH 4 DH 2 


0 
0.5 
1 
2 
5 


91 
91 
90 
91 
92 


87 
83 
80 
70 
51 


81 
24 
24 
25 
22 
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HOURS 


Figure 2-Ejject of rnontrnorillonitr on digoxin degradation at 37". Key 
(adsorbed digoxin at):  0, pH 2.0: 0, pH 3.0; A, pH 4.0: and 0, pH 5.0. 
Key (digoxin tonirol at):  4 ,  pH 1.0: X, p H  1.5; a, p H  2.0: Q, pH 2.5; and 
m, p H  3.0. 


This result was unexpected since minimal degradation has been reported 
at pH 4.0 (11-14) and no desorption was expected under the experimental 
conditions. 


Interaction a t  pH 2.0 showed the immediate adsorption of 81% of the 
tritium label. This amount decreased rapidly to 24% within 30 min. The 
observed decrease in adsorption may have been due to digoxin degra- 
dation at  this pH, although the apparent rate of change in adsorption was 
greater than would be predicted from the published digoxin hydrolysis 
rate a t  pH 2.0 (11-14). Because of this unexpected catalysis at  pH 2.0 and 
4.0, digoxin degradat,ion in the presence of montmorillonite was examined 
in more detail. 


Effect of Montmorillonite on Digoxin Degradation-Tritiated 
digoxin and montmorillonite were interacted at pH 2.0,3.0,4.0, and 5.0 
and sampled over 5 hr. The adsorbed species (digoxin and its degradation 
products) were extracted from the montmorillonite, separated, and 
quantified by TLC and liquid scintillation counting. The percent digoxin 
in the adsorbate is presented in Fig. 2; the percent bisdigoxigenin, the 
initial digoxin degradation product, is shown in Fig. 3. 


The bisdigoxigenin formation rate a t  pH 2.0, 3.0, and 4.0 indicates 
accelerated digoxin degradation. Montmorillonite did not alter the ki- 
netics of digoxin degradation, as evidenced by the first-order relationship 
obtained a t  each pH. However, the degradation rate was significantly 


ap 'O01  


1 2 3 4 5 
HOURS 


Figure 3-Effect of montmorillonite on bisdigoxigenin formation at 
37". Key  (adsorbed digoxin at 1: 0, pH 2.0; 0, pH 3.0; A, pH 4.0;and 0, 
pH5.0 .  


1 2 3 4 5 


PH 
Figure 4-Effect of montmorillonite surface on digoxin degradation 
rate at 37". Key: 0, adsorbed digoxin; and 0, digoxin control. 


increased (Fig. 4). The rate constants for the controls (Fig. 2) agreed well 
with previous studies (12-14). 


DISCUSSION 


After 1 hr of interaction with montmorillonite a t  pH 2.0, the adsorbed 
digoxin had degraded 98% (Fig. 2). However, 24% of the labeled com- 
pound remained adsorbed (Table 11). Clearly, this latter adsorbate con- 
tains more than digoxin, probably a digoxin degradation product similar 
to digoxin in structure and thus accounting for the apparent digoxin 
bands in the IR spectra (Fig. 1, curved). This suggestion is possihle since 
the degradation pathway for digoxin acid hydrolysis involves cleavage 
of digitoxose molecules, yielding bisdigoxigenin, monodigoxigenin, and 
the digoxin aglycone, digoxigenin. 


T o  identify the adsorbed degradation product responsible for the IR 
spectra a t  pH 2.0, relative quantities of all degradation products were 
obtained from the TLC and liquid scintillation counting analysis of di- 
goxin adsorption. Figure 3 shows that hisdigoxigenin was the principal 
adsorbed component a t  pH 2.0. The smaller adsorption of bisdigoxigenin 
compared to that of digoxin a t  pH 6.0 was probably due to loss of a digi- 
toxose unit, similar to other sugars known to be adsorbed by clays (4). 
Monodigoxigenin and digoxigenin also are generated under these con- 
ditions but have an even lower affinity for the clay due to digitoxose 
cleavage. 


The lower degree of bisdigoxigenin adsorption by montmorillonite is 
illustrated by the X-ray diffraction data a t  pH 2.0 (Table 1). After one 
washing, a Adml value of 4.6 A was observed; however, the pattern was 
broader and of lower intensity than that observed a t  pH 6.0. Since the 
minimum molecular dimension of bisdigoxigenin is the same as digoxin, 
the Adml value would be unaffected by digoxin degradation. Collapse 
of the clay layers after five washings was a direct result of the weaker 
bonding between bisdigoxigenin and montmorillonite. With desorption 
facilitated by bisdigoxigenin formation, the nonaqueous solvent was then 
free to penetrate the clay layers to form a more complete and uniform 
solvent layer, ultimately resulting in a Adml value of 2.5 A. 


In the presence of montmorillonite, the hydrolysis rate suggests that  
the microenvironment of the clay is more acidic than the bulk solution. 
For example, Fig. 4 shows that the apparent rate constant a t  pH 4.0 for 
adsorbed digoxin was the same as the rate constant for a digoxin solution 
a t  pH 2.5. Although clays have been reported to catalyze the acid hy- 
drolysis of esters such as ethyl acetate, the inversion of sucrose, and the 
protonation and hydrolysis of s-triazine herbicides (15,161, the catalytic 
effect of clays on drugs is generally unrecognized. 


This catalytic effect of montmorillonite on the acid-catalyzed digoxin 
degradation is due to the ability of the clay surface to serve as a site where 
digoxin molecules and protons are concentrated by adsorption and cation 
exchange, respectively. Therefore, the probability of reaction is enhanced, 
and an increased hydrolysis rate is observed. This effect was noted most 
dramatically a t  pH 2.0 (Table I) where 82% of the digoxin in the control 
remained after 1 hr a t  3 7 O  while only 2% intact digoxin was found when 
interacted with montmorillonite. 


A recent report suggested that  some variation in the bioavailability 
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of orally administered digoxin may be due to variation in gastric pH, 
which would modify the composition of digoxin species available for 
absorption (12). The catalytic effect of montmorillonite will accentuate 
this problem. Therefore, the concomitant administration of drug products 
containing digoxin and montmorillonite should be avoided. 


A similar catalytic effect may also occur with other neutral drugs that 
degrade by acid hydrolysis and should be considered the formulation 
of clay-containing drug products or their coadministration with other 
drugs. 


REFERENCES 


(1) L. S. Porubcan, C. J. Serna, J. L. White, and S. L. Hem, J. Pharm. 


(2) W. F. Bradley, J. Am. Chem. SOC., 67,975 (1945). 
(3) D. M. C. MacEwan, Trans. Faraday SOC., 44,349 (1948). 
(4) B. K. G. Theng, “The Chemistry of Clay-Organic Reactions,” 


(5) D. D. Evans, in “Methods of Soil Analysis, Part  2,” C. A. Black, 


(6) M. L. Carvalhas and M. A. Figueira, J. Chromatogr., 86, 254 


(7) R. Greene-Kelley, Trans. Faraday SOC., 51,412 (1955). 
(8) J. L. White, ACS Symp. Ser., 29,208 (1976). 
(9) M. Cruz, J. L. White, and J. D. Russell, Isr. J. Chem., 6, 315 


Sci., 67,1081 (1978). 


Adam Hilger, London, England, 1974, pp. 206-210. 


Ed., American Society of Agronomy, Madison, Wis., 1965, chap. 57. 


(1973). 


NOTES 


(1968). 
(10) R. L. Ledoux and J. L. White, J. Colloid Interface Sci., 21,127 


(1966). 
(11) K. Kasahara and A. Ruily-Torres, Klin. Wochenschr., 47,1109 


(1969). 
(12) J. Kuhlmann, U. Abshagen, and N. Rietbrock, Naunyn- 


Schmiedebergs Arch. Pharrnacal., 276,149 (1973). 
(13) M. H. Gault, J. D. Charles, D. L. Sugden, and D. C. Kepkay, J. 


Pharm. Pharmacol., 29,27 (1977). 
(14) L. A. Sternson and R. D. Shaffer, J.  Pharm. Sci., 67, 327 


(1978). 
(15) N. T. Coleman and C. McAuliffe, in “Proceedings of the Third 


National Conference on Clays and Clay Minerals,” W. V. Milligan, Ed., 
National Academy of Sciences-National Research Council, Washington, 


(16) J. D. Russell, M. Cruz, J. L. White, G. W. Bailey, W. R. Payne, 
D.C., 1955, pp. 282-289. 


Jr., J. D. Pope, Jr., and J. 1. Teasley, Science, 160,1340 (1968). 


ACKNOWLEDGMENTS 


Supported in part by The Upjohn Co. 
This report is Journal Paper 7215, Purdue University Agricultural 


Digoxin was kindly supplied by the Burroughs-Wellcome Co. 
Experiment Station, West Lafayette, IN 47907. 


Crystal Structure of 1:1 Complex of 
Barbital with 1-Methylimidazole 


ALBERT WANG and B. M. CRAVEN“ 
Received May 8, 1978, from the Crptal lography Drpnrtrncnl. liniucrsity o/ Pitt,\burgh. Pittsburgh, / ’A 1.5260. Accepted for puhlication 
August 9,1978. 


~~ ~~~ 


Abstract 0 The prediction of a strong hydrogen-bonding interaction 
between barbital and I-methyliniidazole was confirmed. Two crystal 
complexes were obtained, 1:l and 2 1 ,  and the X-ray structure was de- 
termined for the 1:1 complex, which is monoclinic, space group I’21/c, with 
a = 12.236(3)A, b =  11.332(4) A ,c=  12.495(4)A,andd= 120.67(1)”.The 
structure contains disk-shaped hydrogen-bonded tetramers with two 
molecules of each kind. There is a short NH-N hydrogen bond (2.82 A) 
in which barbiturate provides the NH donor. 


Keyphrases 0 Barbital ---complex with 1-methylimidazole, cryhtal 
structure determined 0 1-Methylimidazole-complex with barbital, 
crystal structure determined 0 Complexes-harhital with 1 -methylim- 
idazole, crystal structure determined 0 Crystal structure-determined 
Ior complex of barbital with 1-methylimidazole 


Barbiturate drugs behave as strong hydrogen-bonding 
donors through their two NH groups but are weak accep- 
tors through their three carbonyl oxygen atoms. These 
conclusions were derived from the hydrogen-bonding ar- 
rangements and interatomic distances observed in the 
crystal structures of a series of complexes of barbital with 
other small molecules representative of biological systems 
(1, 2). Thus, barbiturate drug receptor sites are likely to 
involve strongly electronegative hydrogen-bonding ac- 
ceptor groups, such as the nitrogen atoms of adenine (3, 
4), the imidazole ring in histidine or histamine (2), or the 
phosphoryl oxygen atoms of phospholipids (5). 


These studies indicated that a strong hydrogen-bonding 
interaction would occur between barbital (5,5-diethyl- 
barbituric acid) and 1-methylimidazole (Fig. l ) ,  which 
might lead to crystal complexation. Indeed, l-methylim- 
idazole was a powerful solvent for barbital. The high vis- 
cosity of this solution made direct crystallization imprac- 
tical. However, two crystal complexes were obtained from 
an ethanol solution; in one complex ( l : l ) ,  crystal structure 
determination confirmed a short hydrogen bond NH-N 
(2.82 A) in which barbital is the donor and l-methylim- 
idazole is the acceptor. 


EXPEHl M ENTAL 


Crystals of the 1:l and 2:1 complexes were obtained from the same 
ethanolic solution, which was saturated a t  60“ with respect to hoth har- 
hital and 1-methylirnidazole, and slowly cooled in a sealed vial. Spare 
groups and approximate cell data lor these complexes were determined 
Irom X-ray precession photographs’. 


Crystals of the 1:l complex, which dissociate at  96O, are monoclinic, 
space group P2l/c, with a = 12.236(3) A, h = 11.332(4) A, c = 12.495(4) 
A, and d = 120.67(1)O. The crystal density (1.190g/cm:’) determined hy 


’ N o  further work is planned on thr 2 1  cctmplex ~ f t ~ a r h i t a l  and I-methylirnid- 
nzde.  ‘I’hese crystals are rnonwlinic. s p y e  group l’2r/c, with a = 16.7 A. 0 = 12.1 
A. c = 12.4 A. and d = lo’?“. There are eight Iisrliital and f w r  I.methplirnidaaole 
m!decrrles per unit cell. 


002245491 791 0300-036 1$0 1.001 0 
@ 1979, American Pharmaceutical Association 


Journal of Pharmaceutical Sciences I 361 
Vol. 68, No. 3, March 1979 












High-Performance Liquid Chromatographic 
Analysis of Cyclophosphamide 


TERRY T. KENSLER", ROBERT J. BEHME, and DANA BROOKE 
Received May 1,1978, from the Pharmaceutical Product Deoeloprnent Department, Mead Johnson Pharmaceutical Division, Euansuille, IN 
47721. Accepted for publication July 10,1978. 


Abstract A reversed-phase high-performance liquid chromatographic 
technique is described for the analysis of cyclophosphamide in the 
presence of its hydrolysis products. The drug was quantified using a UV 
detector a t  a low wavelength. A single band was observed for the intact 
drug, which was well separated from its hydrolysis product(s). Quanti- 
fication was obtained with adequate precision by the use of an injector 
loop or a suitable internal standard (hydrocortisone). The technique 
requires no extraction of the drug from aqueous solution or derivatization 
for analysis. The method was applied to partially hydrolyzed and to 
known solutions of cyclophosphamide. With suitable modification, the 
method may be useful for analysis of dosage forms but probably lacks the 
sensitivity necessary for analysis of the drug in biological samples. 


Keyphrases o Cyclophosphamide-high-performance liquid chroma- 
tographic analysis in prepared samples High-performance liquid 
chromatography-analysis, cyclophosphamide in prepared samples 
Antineoplastics-cyclophosphamide, high-performance liquid chro- 
matographic analysis in prepared samples 


Cyclophosphamide' is widely used in cancer treatment. 
A stability-indicating method for analyzing the drug di- 
rectly in aqueous solution was needed. GLC (1) and other 
analytical methods (2-6) are available. The GLC method 
of Boughton et al. (1) was adopted, essentially unchanged, 
as the official USP assay (7). 


The GLC method was shown to be more acceptable than 
the other methods, which lacked specificity, reproduc- 
ibility, accuracy, or convenience. However, in its applica- 
tion to tablets, the GLC method requires a great deal of 
sample handling (e .g . ,  as extractions) for both standards 
and samples. No derivatization is required, but the drug 
decomposes on the column to give several peaks. A GLC 
method reported by Pantarotto et al. (8) gives a single peak 
but requires derivatization of the drug before injection. A 
GLC method has also been reported for the analysis of 
cyclophosphamide recovered from sheep tissues (9). 


This paper reports a new analytical method that takes 
advantage of the inherent convenience, specificity, preci- 
sion, and accuracy of reversed-phase high-performance 
liquid chromatography (HPLC). Reversed-phase HPLC 
allows direct analysis of aqueous solutions of the water- 
soluble drug without extraction into an organic liquid. An 
analytical method that requires no sample extraction and. 
minimizes the number of manipulations is obviously de- 
sirable. 


Presumably, HPLC has not been used to analyze cy- 
clophosphamide because fixed wavelength UV detectors 
operating at  254 nm cannot detect the drug. Cyclophos- 
phamide has a low molar absorptivity even a t  its A,,,, 
which occurs at  a low wavelength. However, with modern 
variable wavelength detectors that can monitor effectively 
in the 190-200-nm region, this limitation can be over- 
come. 


Cytoxan, Mead .Johnson Laboratories. Cyclophosphamide and cyclophos- 
phamide monohydrate are often used interchangably; in this report, both refer to 
the monohydrate. 


EXPERIMENTAL 


Reagents and Solvents-Cyclophosphamide and hydrocortisone were 
drawn from laboratory stock. Chemicals used for buffers were reagent 
grade. 


House-distilled water was redistilled in a glass apparatus2. Acetoni- 
Me3 ,  UV grade, was used as received. 


Apparatus-For the kinetic study, a reciprocating pump4 was used. 
Samples were injected by the use of a 25-jd loop5. The detector6 was set 
a t  200 nm. The chromatograms were recorded on a strip-chart recorder7, 
and the band areas were integrated with an electronic integratofl. 


The chromatogram of cyclophosphamide plus hydrocortisone was 
obtained with a different pumping system9, injectdo,  detector", and 
recorder-in tegratorI2. 


A pH meterI3 and two UV-visible spectroph~tometers*~ also were 
used. 


Columns-Bonded re~ersed-phase '~ HPLC columns were obtained 
commercially. 


Samples-A stock solution for the kinetic study was prepared by 
adding 28 g of cyclophosphamide to 700 ml of 0.1 M (pH 7.0) phosphate 
buffer. The resulting solution was filtered through filter paper and di- 
vided into four stoppered flasks. The flasks were placed in three con- 
stant-temperature ovens (40,50, and SOo), and the temperature of the 
fourth flask was brought rapidly to 80° by immersing it in boiling water. 
When the temperature had reached 80°, the flask was transferred to an 
80' water bath16. 


Samples were taken from all solutions at appropriate intervals. The 
sample size was large enough (-12-25 ml) to allow quantitative dilution 
of an accurately measured aliquot a t  a later time. All samples were chilled 
in an ice-water bath immediately after they were withdrawn and then 
were stored in a refrigerator until analysis. All samples were analyzed on 
1 day and compared to an external standard (curve) prepared on that day. 
The standard solutions were prepared by dissolving weighed amounts 
(51.9-221.8 mg) of cyclophosphamide in water and diluting to 50.0 ml. 


Other drug solutions were prepared by dissolving weighed amounts 
of cyclophosphamide in water. The solution containing both hydrocor- 
tisone and cyclophosphamide was prepared by dissolving the two drugs 
in acetonitrile and then diluting that solution quantitatively with 
water. 


Analysis-Accurately measured aliquots of the samples from the ki- 
netic study were diluted quantitatively with water, and a 25-jtl portion 
of each was injected onto the column using a 25-wl injector loop. No in- 
ternal standard was used. A 25-pl portion of each standard was also an- 
alyzed using the same chromatographic conditions. 


The chromatographic conditions were: column, 30 cm X 3.9 mm i.d.; 
flow rate, 1.5 mlh r ;  mobile phase, 30% acetonitrile-70% water; detector 
wavelength, 200 nm; detector scale, 0-1.0; and recorder, 0.64 aufs. The 
same chromatographic conditions were used to check reproducibility of 
the band areas a t  200 nm. The wavelength was changed to 190 and 254 
nm for the analysis of certain samples. 


The solution containing cyclophosphamide and hydrocortisone was 


Cornin water distillation apparatus model AG-2. 
Burdicf & Jackson Laboratories, Muskegon, Mich. 
Constametric I1 G, Laboratory Data Control. 
Valco Instruments Co.. Houston, Tex. 


6 Vari-Chrom, Varian Instruments. 
Varian model 9176. 
Minigrator, Spectra-Physics. 
Varian model 8500 dual pump. 


l o  Rheodyne model 70-10 100-~11 loop. 
1 I  Variscan, model 635, Varian Instruments. 
l 2  Hewlett-Packard model 3380A. 
l 3  Corning model 12. 
I4 Acta 111, Beckman Instruments; Cary 17, Varian Instruments. 
l5 pBonda ak CIS, Waters Associates. 


Haake 81. 
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Figure I-High-performance liquid chromatogram of cyclophos- 
phamide. Operating conditions were: flow rate, 1.5 mllmin; detector, 
200 nm; scale, 0.64 aufs; and sample size, 39 pg (25 p l  of 1.56 g g / p l ) .  


analyzed without further dilution using a 100-pi injector loop. The 
chromatographic conditions were: column, 30 cm X 3.9 mm id.; flow rate, 
1.5 m l h ;  mobile phase, 23% acetonitrile-77% 0.1 M (pH 7.0) phosphate 
buffer; detector wavelength, 211 nm; detector scale, 0-0.5; and recorder, 
0.4 aufs. 
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RESULTS AND DISCUSSION 


A high-performance liquid chromatogram of a freshly prepared 
aqueous solution of cyclophosphamide appears in Fig. 1. The drug was 
eluted in a single band a t  325 sec. The fluctuations in the baseline a t  about 
2 min were due to injection anomalies and were not compound related. 
The single peak illustrated in Fig. 1 gave approximately 60% of a full-scale 
deflection (0.64 aufs) and was due to about 39 pg of the drug. This result 
is in contrast with the USP GLC method (7) in which decomposition on 
the column gives multiple peaks. 


The UV absorbance spectrum of cyclophosphamide, in water and in 
a solvent (25% acetonitrile-75% water) approximating the HPLC mobile 
phase, was recorded. A local maximum occurred in both solvents at or 
below 190 nm, but even a t  this wavelength the drug had a low molar ab- 
sorptivity (f = 1020 in water). At 200 nm, t equaled 550. Thecompound 
had no absorbance a t  254 nm, where fixed wavelength detectors operate 
a t  maximum sensitivity. 


The chromatogram depicted in Fig. 1 was recorded using a variable 
wavelength detecto+ set a t  200 nm. The choice of this wavelength allowed 
quantification of the chromatographic band due to intact drug, which 
would not have been observed a t  254 nm. The greatest sensitivity was 
obtained using the lowest wavelength compatible with the detector, 
flowcell, and solvent used. The chromatograms from the brief kinetic 
study to be described also were recorded a t  200 nm. However, i t  was 
possible to operate the same detector a t  wavelengths as low as 190 nm 
if the column was equilibrated thoroughly with the eluant (water and UV 
grade acetonitrile). The cyclophosphamide band area (from an 86-pg 
sample) was 1.8 times greater at 190 nm than a t  200 nm, as expected from 
the UV spectrum. The ability to monitor at wavelengths as low as 190 nm 
is not critical for the accurate measurement of cyclophosphamide con- 
centrations, however. 
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MINUTES 
Figure 2-High-performance liquid chromatogram of a sample of cy- 
clophosphamide stored a t  50° for 11 h r  in pH 7.0 buffer. Operating 
conditions were: flow rate, 1.5 mllmin; detector, 200 nm; scale, 0.64 aufs; 
and sample size, 25 p l  of a 120 dilution of the reaction mixture that  
originally contained 40 mg of cyclophosphamide/ml. 


The detector was set a t  254 nm for the same 86-pg sample to test the 
hypothesis that  no HPLC absorbance band should be seen. As expected, 
no band was seen even with the sensitivity increased 100-fold to 0.0064 
aufs. A sample 10 times as large (i.e., 855 pg) also gave no chromato- 
graphic band (due to absorbance) at this increased sensitivity. However, 
this concentrated sample did give a deflection in the baseline (first neg- 
ative and then positive), which was attributed to a refractive index change 
in the eluant as the drug passed through the detector. This deflection was 
not suitable for quantification of samples. 


Figure 2 illustrates the chromatogram of a buffered (pH 7.0) aqueous 
sample of cyclophosphamide in which a portion of the drug had been 
hydrolyzed. Drug solutions buffered a t  pH 7.0 and stored at 40, 50,60, 
and 80’ gave chromatograms that were all qualitatively like the one 
shown in Fig. 2. All injections were made with the same 25-pl loop without 
an internal standard. Each chromatogram contained a band due to the 
remaining intact drug a t  about 325 sec and only one other band (at about 
90 sec) due to the degradation product(s). More than one product can 
result from cyclophosphamide hydrolysis. The band near 90 sec may have 
been due to more than one product, but no attempts were made to resolve 
the possible components. 


Plots of the natural log of the area of the band due to intact cyclo- 
phosphamide uersus time, for solutions stored at each of the four tem- 
peratures, appear in Fig. 3. The plots are linear, and the rate constants 
calculated from the slopes of the regression lines agree well with those 
that can be predicted from the Arrhenius equation and data published 
previously (10) (Table I). The linearity of the plots and agreement with 
the predicted values indicate that the HPLC technique can provide 
specific and reliable stability data for the intact drug in the presence of 
its hydrolysis products. The activation energy of 26.8 kcal/mole/deg 
calculated from the HPLC data also is in general agreement with the 
value (-24.5 kcal/mole/deg) previously determined (4). 


The brief kinetic study described here was conducted only to show the 
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Figure 3-Semilogarithmic plots of the cyclophosphamide HPLC band 
area versus time for p H  7.0 solutions stored a t  40’ (O),  50’ (V), 60° ( O ) ,  
and 80° (0). 
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possible utility of an HPLC method for analyzing the drug in the presence 
of its hydrolysis products. No internal standard was used because the 
precision using an injector loop was considered adequate for the desired 
results. Of course, each HPLC column and instrument is unique; varia- 
tions in mobile phase, flow rate, and detector settings for optimum per- 
formance areto be expected. 


The standard calibration curve used to determine sample concentra- 
tion was prepared by three or more injections of four standard solutions 
(1.03S4.436 mglml). A least-squares analysis of integrator counts uersus 
concentration defined a straight line ( r2  = 0.9987) with a slope of 1.305 
X lo5 counts/(mg/ml), a y-intercept of 1.646 X 104 counts, and a relative 
standard deviation o f  the slope of 1.05%. The highest relative standard 
deviation of the areas (within the group) a t  any one concentration was 
2.1% (at 1.563 mglml, three injections). Ten replicate 25-pl injections of 
a 3.42-mglml solution with no internal standard gave band areas with 
a relative standard deviation of f1.5%. 


While this degree of reproducibility was deemed adequate here, an 
internal standard may be desirable or necessary for precise kinetic 
measurements or for accurate day-to-day control of the potency of a drug 
product. An internal standard would also be useful if the drug were to 
be analyzed in biological samples. (However, the techniques outlined here 
probably would not provide the sensitivity, without a drug concentrating 
step, necessary for the analysis of the small amounts of intact drug in 
biological samples.) Nevertheless, for the analysis of drug products or 
relatively concentrated solutions, the sensitivity is adequate, and hy- 
drocortisone is a suitable internal standard. 


0- 


Table I-Rate Constants for the Hydrolysis of 
Cyclophosphamide at pH 7.0 


7’ k“, min-’ r2 kerpected b.c 


40° 1.04 x 10-4 0.986 1.48 X 
50’ 4.62 x 10-4 0.982 5.12 x 10-4 
60” 1.94 x 10-3 0.995 1.65 x 10-3 
80° 1.37 x 10-2 0.992 1.40 X 


(1 Plot of log k uersus 1/T gives a value of E, = 26.8 kcal/mole/deg (r* = 0.994). * These values were calculated from the constanta given in Ref. 8 and the Arrhenius 
equation h = Ae-”.IRT. where A = 4.22 X lO-l3min-’ and E,, = 25.0 kcal/mole/deg. 


These values are expected ti) be nearly independent of pH in the pH 3-10 region, 
as evidenced by the work of Hirata et at. (4). 
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Figure 4-High-performance liquid chromatogram of cyctophos- 
phamide (A) (4.85 min) and hydrocortisone (B) (7.71 min). Operating 
conditions were: flow rate, 1.5 rnllmin; detector, 211 nm; scale, 0.4 aufs; 
and sample site, 100 pl of a solution containing 12.5 mg of cyclophos- 
phamidelml and 0.2 mg of hydrocortisonelml. 


A chromatogram of a solution containing hydrocortisone and cyclo- 
phosphamide is shown in Fig. 4. Since hydrocortisone elutes after the 
drug, it does not overlap with either the drug or hydrolysis products. Its 
use in biological samples would require further experimentation. The 
detector was set a t  21 1 nm for this chromatogram because this detectorL1 
would not operate below that wavelength with the indicated mobile phase. 
For this reason, the sensitivity was lower than before, as expected. 


Detectors other than UV types (e.g., refractive index) may also be 
useful for the analysis of cyclophosphamide in certain instances. Although 
a degree of specificity might be lost in going from a UV to a refractive 
index detector, advantage might be gained in detecting hydrolysis 
products or impurities that  do not absorb UV light. The data indicate 
that reversed-phase HPLC is ideal for the analysis of cyclophosphamide 
when the appropriate detector is employed. Specific methods for the 
analysis of the drug in solid or liquid dosage forms should easily be de- 
veloped based on the chromatographic system given. 
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OPEN FORUM 


Open Letter to Phytochemists 


Inspired by papers delivered at  the recent conference at  Kew on the 
systematics and biology of Leguminosae, I reiterate a plea issued 
previouslyl. Those of us attempting to understand the effects of 
herbivores pn plants and the responses of plants to herbivory are 
dependent on the work of chemists, natural products chemists, 
phytochemists, and pharmacologists for the identification of the 
secondary compounds in plants. However, secondary compounds do 
not occur in Latin binomials, and herbivores do not eat Latin 
binomials. 


alkaloid in Xus albus, even assuming the plant to be correctly 
identified, is absolutely useless to the animal-plant biologist (except 
perhaps in giving some later phytochemist a clue as to what to look for 
in diagnosing a toxic diet). There is no excuse for the numerous 
papers that do not clearly identify the plant part from which the 
chemical was obtained. It takes one sentence to report it and only a 
few seconds to determine it. Secondary compounds are not evenly 
distributed in kind or quantity throughout the plant (in space and 
often in time as well). Animals respond accordingly. 


It is easier to understand why the phytochemist is reluctant to 
determine content per unit of tissue, but let me simply beg for such 
information. Most secondary compound effects on animals are dosage 
dependent2. Without statements of concentration, we are powerless 
to interpret refusals of foods containing these chemicals. 
Furthermore, artificial diets testing the compounds cannot be realistic 
unless the concentrations are known from real dietary items. Even 
statements of the approximate concentration enormously increase the 
value of a chemical identification. 


Seeds and their contained chemicals are of particular interest to 
me, and seed chemistry data are gross offenders. Seedcoats are from 
1 to 70% of the dry weight of a seeda and are usually made of largely 
inert cellulose-lignin-tannin complexes; a t  the least, secondary 
compounds found in the seedcoat are not repeated in the seed 
contents and vice versa. When a bag of seeds is ground up and 
analyzed, concentrations of secondary compounds as then measured 
are extremely misleading. The animals that eat seeds almost 
invariably discard, avoid, or defecate the seedcoat undigested. The 
kind and concentration of secondary compounds in the seed contents 
normally matter to the animal, and this information is almost never 
recorded. Please do it. 


The time is ripe for a person with a strong flair for organization to 
initiate and develop an international museum of secondary 
compounds. Such a “museum” would perform all those analogous 
functions provided by more conventional museums of organisms. The 
burgeoning population of workers on the interface between animals 
and plants are desperate for a technology or a system that will cut 
through the contemporary block to the identification, 
characterization, and provision of secondary compounds for 
experimental and feeding studies. Secondary compounds are, after all, 
pyactically the entire basis for the enormous and complex structure 
of the interaction between herbivores and plants, which makes them 
largely responsible for the diversity of plant and animal life on this 
planet. 


Secondary compounds occur in plant parts. A report of a new 
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Propoxyphene Bioa vaila bility 


A recent letter’ by Mr. Chmielewski on “Propoxyphene 
Bioavailability” in the Open Forum indicated that no technical 
information was forthcoming from the authors after written requests. 
As we certainly have no reason for not responding to any inquiry, we 
checked our files and discovered that Mr. Chmielewski’s request, 
along with six other requests, had been filed as sent. However, there 
were no copies of correspondence indicating that these requests were 
answered. We have recently sent the requested information to the 
requestors with our regrets for the delay. We thank MI. Chmielewski 
for bringing this matter to our attention. 


In regard to some conclusions drawn from the aforementioned Open 
Forum letter, we would like to make the following comments: 


1. The research lots reported2 in our bioavailability article were 
100,000 capsule lots (one-tenth full size manufactured lots), which 
were manufactured on the exact equipment to be used for the full- 
sized marketed lots. 
2. The research lots in question met all current existing FDA 


requirements and could have been submitted as part of an 
abbreviated NDA and been marketed. 


3. The research lot that was bioinequivalent was not marketed for 
that very reason. We firmly believe that it is better to test for the 
bioequivalence of products before they are put on theplarket rather 
than after marketing. 


4. The research lot that passed bioavailability testing was not 
marketed. The tablet dosage form was marketed instead. 


Our original a r q l e  was not published with political motivation. 
The data were sent to the FDA well before publication. The intent of 
the article wes to point out that existing FDA requirements for 
approval of propoxyphene capsules were, in our opinion, inadequate. 
Furthermore, Mr. Chmielewski’s request that only marketed generic 
formulations be tested for bioinequivalence would indicate that he is 
in favor of marketing products without any bioavailability testing. We 
do not believe that the blind approach of testing for bioequivalence 
only after the products have been marketed will improve the quality 
of the products on the market. It is quite possible that there are 
existing marketed generic formulations of propoxyphene capsules that 
are bioinequivalent. However, since there is little, if any, testing of 
this product for bioinequivalence, we sincerely doubt that any 
publications will be forthcoming. 
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of guaifenesin with periodic acid to o-methoxyphenoxy acetaldehyde and 
formaldehyde. The extreme conditions required to degrade guaifenesin 
indicate that its decomposition is highly unlikely in pharmaceutical 
products subjected to several years of aging a t  normal conditions or 
several months a t  50-70'. The present study supports this assumption 
in that no significant loss in guaifenesin was observed for the products 
assayed. 


Cohen (25) stated that theophylline solutions subjected to strongly 
alkaline pH showed decomposition and apparent ring opening after 
several weeks and that theophylline was also susceptible to oxidation, 
resulting in the formation of 1,3-dimethyluric acid. 


Significant loss of theophylline was observed in liquid products 
subjected to 50-70' for several months. A comparison of the chromato- 
grams from fresh liquid products and high stress samples showed a loss 
in theophylline as well as increases in the 5-hydroxymethylfurfural peak 
and several additional unidentified peaks (Fig. 2). Sample blanks 
subjected to similar stress contained corresponding unidentified peaks. 
If  1,3-dimethyluric acid is present, it is well removed from the peaks of 
interest. 


The degradation of sucrose solutions results in a highly complex series 
of decomposition products, including 5-hydroxymethylfurfural. Because 
of the quasistable state of this strongly UV-absorbing species in solution, 
it is frequently regarded as an indication of vehicle decomposition (1). 


The amount of 5-hydroxymethylfurfural present in the sample can 
readily he quantified by the addition of this component to the standard. 
A study conducted on a liquid theophylline product indicated that de- 
creasing the pH over the 6-5 range decreased theophylline stability and 
increased the amounts of 5-hydroxymethylfurfural and a second un- 
identified vehicle decomposition product. 


The retention time of benzoic acid was highly sensitive to the mobile 
phase pH (Fig. 3). When the pH of the buffer in the mobile phase was 
adjusted to 4.15, the benzoic acid eluted between the last vehicle de- 
composition product peak and the theophylline peak. 
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Precaution in Use of High-pressure Liquid 
Chromatographic Simultaneous Plasma 
Procainamide a n d  N-Acetylprocainamide 
Determination 


Keyphrases 0 Procainamide-analysis, plasma, high-pressure liquid 
chromatography deproteinization uersus extraction methods 0 N -  
Acetylprocainamide-analysis, plasma, high-pressure liquid chroma- 
tography, deproteinization uersus extraction methods 0 High-pressure 
liquid chromatography-analysis, procainamide and N-acetylprocain- 
amide in plasma, deproteinization uersus extraction methods 


To the Editor: 
A high-pressure liquid chromatographic (HPLC) 


method for the simultaneous plasma procainamide and 
N-acetylprocainamide determination was reported re- 
cently from this laboratory (1) .  The method involved mi- 


crovolume acetonitrile plasma protein precipitation and 
injection of an aliquot of the resultant supernatant solution 
onto a cation-exchange column. Detection was by UV ab- 
sorption a t  274 nm. N-Acetylprocainamide and procain- 
amide eluted from the system with retention times of 4 and 
5 min, respectively, and appeared to be symmetrical peaks 
that were satisfactorily resolved from each other and other 
plasma components. Total analysis time per sample was 
-7 min. The  method required extremely simple sample 
preparation and short analysis time. The  purpose of this 
communication is to report some precautions in the use of 
this method. 


Due to an irreversible loss of column performance, a new 
cation-exchange column obtained from the same manu- 
facturer' was used as previously reported (1). This new 
column demonstrated that  the peak in patient samples 


1 Partieil PXS 10/25 SCX, Whatman, Clifton. N.J 
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Table I-Apparent Concentration of N-Acetylprocainamide and Procainamide in Plasma Collected from Patients as Determined by 
the Deproteinization Method and the Extraction Method 


N -  Acetylprocainamide Procainamide 
Concentration, pglml Percent Concentration, pg/ml Percent 


Deviation * Sample Ueproteinization Extraction Deviation Ueproteinization hxtraction 
1 1.44 1.28 12.5 20.11 - C - 
2 1.59 1.18 34.8 6.87 6.74 1.93 
3 1.55 1.16 33.6 5.20 5.02 3.60 
4 1.42 1.13 25.7 4.87 4.97 -2.00 


a The HPLC column did not resolve the interference peak from the N-acetylprocainamide peak. Detection was a t  254 nm with the fixed-wavelength detector. 6 (Con- 
centration by deproteinization method - concentration by extraction method/concentration by extraction method) X 100. C Above the upper limit of the calibration 
curve. 


Table 11-Concentration of N-Acetylprocainamide and Procainamide in Plasma Collected from Patients and Analyzed by the 
Deproteinization Method and the Extraction Method with UV Detection at 254 and 274 nmp 


N -  Acetylprocainamide Procainamide 
Concentration, pglrnl Concentration, pg/ml 


Extraction Ueproteinization Extraction Ueproteinization 
Sample 254 nmo 274 nmc 254 nm 274 nm 254 nm 274 nm 254 nm 274 nm 


5 0.24 0.22 0.28 0.28 6.12 fi To fi  fi7 7FKI 
6 0.47 
7 2.50 
8 3.67 
9 3.07 


10 1.52 
11 1.28 


0.47 
2.77 
3.93 
3.26 
1.40 
1.31 


0.43 
2.31 
3.75 


0.43 
2.58 
3.94 


-. . - 
4.09 
2.55 
5.57 


_. . - 
4.25 
2.81 
5.82 


-.-. . .-- 
3.57 3.91 
2.29 2.56 
5.60 5.9R . ._ 


3.13 3.29 2.24 2.21 2.14 2.28 
1.40 1.43 5.44 5.50 5.45 5.79 
1.24 1.17 3.87 A OR 2 fi8 2 7 G  -.-- ". . ., _ _  


12 0.68 0.63 0.63 0.70 3.61 3.62 3.51 3.70 
13 1.70 1.80 1.74 1.90 4.69 5.09 4.66 4.90 


0 The HPLC column resolved the interference peak from the.N-acetylprocainarnide peak. * Fixed-wavelength detector. Variable-wavelength detector 


formerly attributed entirely to N-acetylprocainamide was 
not homogeneous since its leading edge was deformed. 
Other cation-exchange columns of the same make dem- 
onstrated various degrees of peak resolution from the 
N-acetylprocainamide peak. This resolution was achieved 
with the mobile phase as originally reported (1) or with 
slightly modified acetonitrile or salt concentrations so that 
N-acetylprocainamide and procainamide eluted with re- 
tention times less than 6 min. The interference peak was 
not present in plasma samples collected just prior to initial 
procainamide dose administration, suggesting that the 
compound responsible may have been another procain- 
amide metabolite. 


Patient plasma samples were also prepared for chro- 
matography by a solvent extraction method. The extrac- 
tion sequence used was as follows. A mixture of 0.1 ml of 
plasma, 0.5 ml of water, and 0.1 ml of 1 M NaOH was vor- 
texed for 1 min with 3 ml of ethyl acetate. After centrifu- 
gation, most of the organic layer was transferred to a ta- 
pered tube and vortexed (1 min) with 0.1 ml of 0.5% 
phosphoric acid. The tube was centrifuged, and an aliquot 
(20-40 pl) of the aqueous phase was injected. With this 
sample preparation, the N-acetylprocainamide and pro- 
cainamide peaks appeared as symmetrical peaks with no 
interference. 


Therefore, plasma samples were prepared for quanti- 
tative chromatography by the extraction method. The 
internal standard was p-amino-N-(2-dipropylaminoeth- 
y1)benzamide hydrochloride2; 0.2 ml of an aqueous solution 
(2 pg/ml) was included in the first sample preparation step 
described in place of water. To resolve procainamide and 
the internal standard, the mobile phase acetonitrile con- 
centration was reduced. The mobile phase was composed 
of 18 parts of acetonitrile and 82 parts of 0.1 M ammonium 
phosphate (monobasic), which had been acidified with 


0.2% phosphoric acid. The percentage of phosphoric acid 
(0.05%) in the mobile phase reported previously (1) was in 
error. With a 3-ml/min flow rate, the N-acetylprocaina- 
mide, procainamide, and internal standard retention times 
were 5.1,7.1, and 8.7 min, respectively. 


The mobile phase composition may need some adjust- 
ment when different columns are used due to column dif- 
ferences in chromatographic behavior. An increased salt 
or acetonitrile concentration in the mobile phase decreased 
resolution of the interference peak from the N-acetyl- 
procainamide peak and vice versa. 


Table I summarizes a comparison between the depro- 
teinization method published previously (1) and the 
method described here, which involves solvent extraction 
prior to HPLC. The column used on this occasion did not 
resolve the interference peak from the N-acetylprocaina- 
mide peak. The plasma samples ,were collected from in- 
patients who were receiving procainamide intravenously. 
The N-acetylprocainamide concentration was substan- 
tially overestimated by the deproteinization method. 


A column that did resolve the interference from the 
N-acetylprocainamide peak in deproteinized samples was 
used in another experiment. The column effluent was 
passed through a fixed-wavelength UV detect09 (254 nm) 
and a variable-wavelength UV detector4 (274 nm), which 
were connected in series. Plasma samples collected from 
inpatients who were receiving oral or intravenous pro- 
cainamide were prepared for analysis by both deprotein- 
ization and solvent extraction (Table 11). There was general 
good agreement among the four concentration estimates 
for each compound quantitated. Therefore, the depro- 
teinization method appears to be suitable for rapidly 
quantitating plasma N-acetylprocainamide and procain- 
amide provided that an efficient HPLC column is used. 


* E. R. Squibb & Sons, Princeton, N.J 
Model 440, Waters Associates, Milford, Mass. 
Model LC55, Perkin-Elmer Corp.. Norwalk. Conn. 
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The interference peak-N-acetylprocainamide peak height 
ratio in the deproteinized samples was 0.12-1.0 at  254 nm 
and 0.18-1.78 at 274 nm. The ratio was higher a t  the longer 
wavelength. 


UV absorption maxima occur a t  282 and 268 nm for 
procainamide and N-acetylprocainamide, respectively (1). 
However, monitoring the column effluent a t  254 nm with 
a fixed-wavelength detector3 is suitable for detecting these 
compounds because of the superior signal-to-noise ratio 
of that detector relative to the variable-wavelength de- 
tector4. 


The deproteinization sample preparation method pro- 
duced a number of peaks not present in predose plasma. 
These peaks elute before the N-acetylprocainamide peak 
and may represent other procainamide metabolites. 


Care needs to be exercised with the previously reported 
deproteinization plasma sample preparation method (1) 
to avoid overestimation of the pharmacologically active 
N -acetylprocainamide concentration. If a column is used 
that does not resolve the interference from the N-acetyl- 
procainamide peak, the solvent extraction sequence de- 
scribed improves N-acetylprocainamide quantitation. A 
prudent general approach is to use the extraction meth- 
od. 


(1)  M. A. F. Gadalla, G. W. Peng, and W. L. Chiou, J .  Pharm. Sci., 67, 
869 (1978). 
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Creatinine VII: 
Determination of Saliva Creatinine by 
High-Performance Liquid Chromatography 


Keyphrases 0 Creatinine-analysis, saliva, high-performance liquid 
chromatography 0 Saliva-analysis, creatinine, high-performance liquid 
chromatography 0 High-performance liquid chromatography-analysis, 
saliva creatinine 


To the Editor: 
Measurements of creatinine levels in biological fluids 


are important to the renal function determination and 
drug dosage adjustment in patients with renal insufficiency 
(1-4). Recently, a high-performance liquid chromato- 
graphic (HPLC) method for endogenous plasma, serum, 
and urine creatinine determination was developed (5,6). 
This method, however, was not sensitive enough for the 
assay of saliva creatinine, which might be as low as 0.03 mg 
%, or about 3% of the plasma or serum levels determined 
by the less specific colorimetric method (3). Furthermore, 


I - - u 
0 6  


RETENTION TIME, min 
0 6 0 6  


Figure 1-Chromatograms of creatinine (1) from various saliva sam- 
ples. Key: left,  pooled saliva from normal subjects; middle, pooled saliva 
spiked with 0.3 mg 7% of creatinine; and right, saliva from a normal 
subject with a creatinine level of0.256 mg %. Detector sensitivity was 
at 0.005 A full scale. 


serious interfering peaks from the deproteinized saliva 
coexisted with the creatinine peak. This result is somewhat 
ironic because saliva composition is commonly assumed 
to be less complicated than that of plasma. This commu- 
nication reports a modified HPLC method that is able to 
quantify low levels of endogenous saliva creatinine. 


Sample preparation included vortex mixing of 0.3 ml of 
saliva with 2 ml of acetonitrile for about 10 sec in a 13 X 
100-mm screw-capped glass culture tube, centrifugation 
at 2000 rpm for about 1 min, and direct pouring of the clear 
supernate into another tube containing 2 ml of methylene 
chloride, followed by vortex mixing and centrifugation. 
Exactly 100 p1 of the upper aqueous layer was then injected 
into the chromatograph. Essentially all of the acetonitrile 
was partitioned into the methylene chloride layer. 


The HPLC system consisted of a solvent delivery 
pump', a sample injection valve2, and a fixed wavelength 
(254 nm) detectors. A 25.4-cm linear recorder and a 25-cm 
cation-exchange column4 were used. The mobile phase was 
0.012 M ammonium phosphate solution made basic with 
0.4% (v/v) 0.1 N NaOH to pH 4.80. The creatinine studied 
at  ambient temperature had an -4.5-min retention time 


Model 6000A, Waters Associates, Milford, Mass. * Model U6K, Waters Associates, Milford, Mass. 
Model 440. Waters Aesociates, Milford, Mass. 
Whatman Partisil P X S  10/25 SCX column, Whatman Inc.. Clifton, N.J. 
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GLC-MASS SPECTRAL CONCENTRATION, q /ml  


Figure LCorrelation between HPLC and GLC-mass spectral methods 
for plasma imipramine and desipramine analysis. For desipramine, the 
slope = 1.01, the intercept = 4.7, and the correlation coefficient = 0.943. 
For imipramine, the slope = 1.55, the intercept = -7.2, and the corre- 
lation coefficient = 0.960. 


tenance dose. Figure 26 shows a chromatogram of a plasma standard 
containing 50 ng/ml of each drug and metabolite and added internal 
standard. One milliliter each of the plasma standard and patient sample 
were extracted, and one-half of the extract was injected according to the 
procedure. 


Eighteen plasma specimens from seven patients participating in an 
NIMH study (5) and receiving imipramine or desipramine were assayed 
by the HPLC method and a GLC-mass spectrometric method (18) (Fig. 
3). The two assays showed excellent correlation, with a slope of nearly 
unity (1.01) for desipramine. The HPLC assay yielded higher results than 
the GLC-mass spectral method for imipramine. Imipramine and des- 
ipramine are stable at  least 3 months in plasma stored a t  -4O.  The NIMH 
samples were 6-15 months old a t  the time of HPLC analysis; therefore, 
interference in the fluorescence assay due to some unidentified degra- 
dation component(s) may explain the discrepancy between the methods 
for imipramine. Further comparison studies with fresh patient samples 
and spiked plasma are in progress. Data for the 2-hydroxy metabolites 
quantitated by GLC-mass spectra were not available for comparison. 
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Abstract 0 8-Chloroberberine (V),  obtained by treatment of oxyher- 
berine (1) with phosphorus oxychloride, is a reactive intermediate. 
Treatment with ammonia, methylamine, n-propylamine, aniline, and 
p-toluidine furnished the 8-berberinylidene derivatives IV and VII-X. 
Reaction of V with malononitrile, ethyl acetoacetate, and ethyl malonate 
anions yielded the 8-berberinylidene derivatives XII-XIV. Acid hy- 
drolysis of XIV gave 8-berberinylacetic acid (XV) whose reduction pro- 
vided 8-canadinylacetic acid (XVI). Grignard reagents react readily with 
V. Methylmagnesium iodide, ethylmagnesium iodide, and benzylmag- 
nesium iodide led to 8&dimethyldihydroberberine (XVII), 8,8-di- 


ethyldihydroherberine (XIX), and the benzyl derivative XX, respectively. 
Sodium borohydride reduction o f  XX gave rise to 8-benzylcanadine 
(>(XI) .  


Keyphrases 0 Chloroberberine-synthesis, derivatives 0 Protoher- 
berine salts-chloroberberine, synthesis, derivatives o Antibacteri- 
als-chloroberberine, synthesis, derivatives 0 Antiarrhythmics-chlo- 
roberberine. synthesis, derivatives 0 Tranquilizers-chloroberberine, 
synthesis, derivatives 


Protoberberine salts and tetrahydroprotoberberine effects. Protoberberine salt pharmacology was reviewed 
recently (1,2). 


The present report describes the structure of 8-chlo- 
roberberine (V) ,  a compound characterized partially by 


bases have wide pharmacological potency including tran- 
quilizing, antimicrobial, antifungal, hypotensive, antiulcer, 
uterine, antiarrhythmic, neuroleptic, and antipsychotic 


0022-35491 791 0600-0705$0 1.00/ 0 
@ 1979, American Pharmaceutical Association 


Journal of pharmaceutical Sciences I 705 
Vol. 68, No. 6, June 1979 







previous researchers (3). 8-Chloroberberine was then used 
as an intermediate in the preparation of new berberine 
derivatives. 


DISCUSSION 


Initial investigations of phosphorus oxychloride-oxyberberine (I) 
reaction products identified oxyberberrubine (11) and a reactive chlori- 
nated derivative, tentatively assigned Structure 111 (3). Treatment  of the 
chlorinated derivative with ammonia yielded iminoberberine (IV), 
characterized as  its hydrochloride salt. When iminoberberine was 
suhjected to  aqueous alkali, hydrolysis to I took place (3). 


Relluxing I with phosphorus oxychloride produced the  stable but  
moisture-sensitive orange crystalline sal t  8-chloroberberine (V), which 
readily hydrolyzed to I in water, ethanol, or aqueous alkali. The  V high- 
resolution mass spectrum contained the  molecular ion m/e 370 for 
CzoHliN04CI. T h e  herherine and V trifluoroacetic acid PMR spectra 
were nearly identical, the  major difference being the absence in V of the  
proton singlet a t  610.1 assigned to H - 8  in the spectrum of berberine 
chloride. Thus,  the phosphorus oxychloride product from I is the  C-8 
monochloro herberine analog V rather than the dichloro compound 111. 
The high V reactivity toward oxygen nucleophiles was extended to other 
entering groups including primary amines, carbanions, and Grignard 
reagents. 


Reaction of V with anhydrous ammonia produced Perkin's yellow 
"iminoberberine" (IV),  here designated 8- berberinylideneimine. Acet- 
ylation of' this material produced the yellow N-acetyl amide VI. Mild VI 
hydrolysis with sodium bicarbonate regenerated IV.  


Similarly, V reacted with methylamine, n-propylamine, aniline, and 
p-toluidine to give the  8-herherinylidene derivatives VII-X. As partial 
verification of' these results. IV methylation with methyl iodide produced 
X-l~ert~erinylidenemethyliniine ( V I I ) ,  identical to that  ohtained by direct 
treatment o f V  with methylamine. 


lrnine hases VIILS hydrolysis with sodium hydroxide regenerated I 
while reduction ol' the bases with sodium horohydride in ethanol supplied 
ciinadine ( X I )  (4). 


Since V reacts readily with hasic nitrogen nucleophiles, V reaction with 
c a r l m k n s  was also investigated. Treatment of V with the  malononitrile 
anion I'urnished the dark-orange 8-herberinylidenemalononitrile (XII) .  
Reaction of V with ethyl acetoacetate and ethyl inalonate anions yielded 
the 8-bert)erinylidene derivatives S I I I  and XIV, respectively. Acid hy- 
drolysis of' XIV was accompanied hv decarboxylation and  produced the  
orange 8-berberinylacetic acid ( S V ) .  Reduction of this quaternary sal t  
with sodium borohydride in ethanol generated 8-canadinylacetic acid 
( S V I ) .  


Another aspect of V chemistry is its reactivity toward Grignard re- 
agents. With methylmagnesium iodide, a good yield of 8,8-dimethyl- 
dihydroberberine ( S V I I )  was ohtained; with ethylmagnesium iodide, 
H.X-diethyldihydroberherine (SVIII)  was produced. The  latter compound 
wi+h reduced with sodium borohydride to 8,8-diethylcanadine ( S I X ) .  
hlonoalkylation of' V with the bulkier benzylmagnesium bromide gave 
the I)enzyl derivative SS whose borohydride reduction product was 
identical with 8-benzylcanadine (SSI) (5). 


('lcarly, the readily available V is a usel'ul synthetic intermediate for 
the generation of' 8-suhstituted herberine and canadine derivatives. 


EXPERIMENTAL' 


8-Chlorobcrberine (V)--An oxyt)erberine (1) slurry (5 g, 14.2 
rnmolcs) i t ]  phosphorus oxychloride ( 1 0  ml) was retluxed for 2 hr. After 
cooling. the orange-red crystalline residue was collected, washed with 
c,lilorol'orm and then ether, and dried in t'acuo to  yield 4.5 g (85%) of V 
a s  orange-red crystals. mp >:300"; P M R  (tritluoroacetic acid): 6 :MO ( t ,  
2 H . J  = 7 Hx, H-5) ,  4.23 (s. AH, 2 OCH:,), 5.20 ( t ,  2 H . J  = 7 Hz, H-6), 6.13 
(s. 2H. O('H?O),6.97 (s. l H ,  H-4),7.47 (s,  IH,  H-1) ,8 .10(s ,2H,  H-l1,12), 
and 8.17 (5, l H ,  H-13); massspectrum: m/c, M+ 370 ( l o ) ,  355 ( lo) ,  and 
:K\5 (100);  high-resolution mass spectrum: calc. for C20H17C1N04, 
:170.0845; found m / e  370.0876. 


Compound V Hydrolysis-Compound V wm decolorized rapidly with 
water. ethanol, o r  aqueous alkali and gave I exclusively. 


8-Rerbcrinyl ideneimine (1V)-Anhydrous ammonia gas was bub- 


I P M R  spectra were ohtained at 60 MHz in deuterochloroform, unless specified 
otherwise, with tetrarnethylsilane as the internal standard. Mass spectra were run 
at 70 ev. ' P IX  utilized Merck 254 silira gel plates. Microanalyses were done at 
ILlidwest Microlab, Indianapolis. Ind. 


I: R = C H ,  
11: R = H 


I V :  R = H 
VI: R = COCH,  


VII :  R = C H ,  


I X :  R = P h  
VIII :  R = CH,CH,CH, 


X :  R = p-CH,C,H,  


XVII :  R = C H  
XVIII: R = C z d 5  


OCH 
111 


X- 


OCH, 


OCH , 
V : R = C I  


X V :  R = C H , C O O H  
X X :  R = CH,C,H, 


OCH I 


XII :  R = C N  
XII I :  R = COOC,H,,  C O C H ,  
X I V :  R = COOC,H,  


X I X  


bled through a V slurry (1 g, 2.7 nimoles) in benzene ( 2 0  ml) for 1 hr. 
Following solvent removal, the residue was washed with water and  par- 
titioned between chloroform and  aqueous sodium bicarbonate. T h e  or- 
ganic layer was dried, and the solvent was evaporated to afford yellow 
needles (0.9 g, Y5%>), which were recrystallized from chloroform, mp >300° 
Ilit. (2 )  m p  >280']; Ill:  P ~ ~ ~ ' ~ ~  1640 and 3300 cm-I; UV: A:knu' 282 (log 
t 3.48). 358 (3.76), 377 sh (3.61), and 400 (3.41) nm; UV: A ~ ~ : n o l . H t  233 
(log t 4.051, 253 sh  (3.77), 343 (3.83), 386 (3.48), and 403 sh  (3.40) nm; 
I'MR (C1)CI:l): 6 2.87 ( t ,  2 H , J  = 7 Hz, H-S), 3.88 (s, 3H, OCH3), 3.92 (s, 


(s, i H ,  H-4), 7.05 (s, ZH, H - l l , l 2 ) ,  and 7.13 (s, I H ,  H - I ) ;  PMR (trifluo- 
roacetic acid): 6 3.17 i t ,  2H. J = 7 Hz, H-5), 4.14 (s, 3H, OCH:,), 4.27 (s, 
:IH. OCH:,), 4 3 5  (t, 2H, H-6) ,  6.10 (s. ZH, OCHgO), 5.85 (br  s, 3H, NH) ,  
6.91 (s,  l H ,  H-3), 7.92 (s, l H ,  H . l ) ,  7.50 (s. l H ,  H-13). and 7.80 (s, 2H, 
H-11, 12);massspectrum:m/e M+:~~~O(100),:335(80),~121 (%) ,and293 
(50). 


Sodium horohydride in ethanol reduction of IV provided ( f h n a d i n e  
( X I ) ,  m p  172-173'' Ilit. ( 4 )  m p  170-171°], quantitatively. 


T h e  IV-HCI had a melting point of 165-166' (methanol). 
And-Calc .  for C~~HIRNPO.I .HCI:  C, 62.24; H ,  4.93. Found: C. 61.98; 


H, 5.05. 
N-Acetyl-8-berberinylideneirnine (V1)-A slurry of IV ( 1  g, 2.8 


mmoles) in pyridine (10 ml) and acetic anhydride (5 ml) was stirred 
overnight. After solvent removal, the residue crystallized from methanol 
as tan needles (0.84 g, 2.1 mmoles, 75%), mp 22G228O; IR: v&' 1655 c1n-I; 
IJV: *kin"' 263 (log c 4.22), 348 (4.23), 408 (3.68), and 420 (3.69) nm; PMR 
(trilluoroacetic acid): d 2.70 is, 3H, CH:%CO), 3.18 ( t ,  2H, J = 7 Hz. H-5). 


:IH, OCH:3), 4.23 (t.  2H, H-6), 5.99 (s, 2H, OCH20), 6.12 (s, l H ,  H-13), 6.63 
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4.24 (9, 3H, OCH3), 4.37 (s, 3H, OCH3), 4.72 (t, 2 H , J  = 7 Hz, H-6), 6.18 
(s, 2H, OCH20), 6.94 (s, lH ,  ring A aromatic H), 7.49 (9, l H ,  ring A aro- 
matic H), 8.40 (s, lH,  H-13), and 8.08 (9, 2H, ring D aromatic H); mass 
spectrum: m/e Mt 392 (5), 377 (5), 361 (1001,352 (15), 335 (17), 320 (lo), 
305 (5), and 291 (25); high-resolution mass spectrum: calc. for 
C22H20N2O5, 392.1373; found m/e 392.1387. 


Compound VI hydrolysis with aqueous sodium bicarbonate and 
chloroform extraction produced IV in near-quantitative yield. 


Preparations of 8-Berberinylidenemethylamine (VII), 8-Ber- 
berinylidene-o-propylamine (VIII), 8-Berberinylideneaniline (IX), 
and 8-Berberinylidene-p-toluidine (X)-The anhydrous amine, in 
excess, was added to a stirred V benzene slurry, and the mixture was 
stirred for 1 hr. After dilution with ether, dry hydrogen chloride gas was 
added until precipitation was complete. The collected solid was washed 
with water and dissolved in chloroform, and the solution was dried. 
Solvent evaporation was followed by crystallization. The yields were 
around 80%. 


Compound VII, C21H20N204, was obtained as light-yellow needles, mp 
122" (methanol); IR: vZck 1570and 1640 cm-'; UV: e " O ' 2 8 3  (log t 3.83) 
and 360 (4.16) nm; UV: x,pl, H t  253 (log t 4.18), 340 (4.25), and 395 (3.78) 
nm; PMR (trifluoroacetic acid): 6 3.15 (t, 2H, J = 7, H-5), 3.51 (s, 3H, 
NCH3), 4.18 (s, 3H. OCH3), 4.30 (s, 3H, OCH3), 4.54 (t, 2H, J = 7 Hz, 
H-6), 61.0 (s, 2H, OCH20), 6.91 (s, lH ,  aromaticH),7.32 (s, l H ,  aromatic 
H), 7.50 (s, 1H. aromatic H),  and 7.80 (s, 2H, H-11,12); mass spectrum: 
m/e M+ 364 (30), 350 (go), 335 (100). and 291 (10); high-resolution mass 
spectrum: calc. for C2lH20N204. 364.1419; found mle 364.1446. 


The VII-HCI salt had a melting point of 187-189" (methanol). 
Compound VIII, C23H24N204, was obtained as light-yellow needles, 


mp 170-172" (ether); UV: Xe,l!y1283 (log t 4.09) and 363 (4.22) nm; UV: 
X::nol.H' 254 (log c 4.36), 340 (4.42), and 397 (3.90) nm; NMR (trifluo- 
roacetic acid): d 1.13 (t ,  3H, J = 7 Hz, CH&H2CH2), 1.90 (m, 2H, 
CH3CH2CH2), 3.10 (t, 2H, J = 7 Hz, H-51, 3.72 (m, 2H. CH~CHZCHZ),  
4.17 (s. 3H, OCH3), 4.28 (s, 3H. OCH3), 4.34 (t, 2H,J = 7 Hz, H-6), 6.17 


and 7.80 (s, 2H, H-11,12); mass spectrum: m/e M+ 392 (100). 378 (701, 
363 (80). 361 (50), 347 (60), 335 (30), 334 (30), 333 (30), 320 (25), 306 (20), 
281 (25), and 207 (50). 


(s, 2H, OCHZO), 6.97 (8 ,  1H. H-4), 7.32 (s, lH ,  H-13), 7.50 (9, lH ,  H-l) ,  


The VIII-HCI had a melting point of 219-220" (methanol). 
Anal.-Calc. for C23H24N204.HC1: C, 64.37; H, 5.88. Found: C, 63.98; 


H, 6.07. 
Compound IX, C26H22N204, was obtained as yellow needles, mp 


167-169' (methanol-ether); UV: A:$:""' 285 (log c 3.95), 328 (3.75), and 
370 (3.90) nm; UV: *nol*Hi 258 (log t 4.06), 343 (4.06), 395 sh (3.48), and 
422 (3.54) nm; mass spectrum: rn/e Mt 426 (loo), 41 1 (40), 396 (30),  335 
(30), and 321 (25). 


The IX.HCI had a melting point of 186-187' (methanol). 
Ana[.-Calc. for C26HrlN2O4.HCI: C, 67.42; H, 5.01. Found: C, 67.17; 


H, 5.29. 
Compound X, C27H24N204, hydrochloride salt was obtained as gold 


prisms, mp 160-162' (methanol-water-ether); UV: X E F 1 . H c  236 (log 
c 4.50). 257 (4.40), 342 (4.38), and 420 (3.90) nm; mass spectrum (free 
base): m/e  M+ 440 (40), 425 (lo), 335 ( 5 ) ,  107 (100). and 106 (98); high- 
resolution mass spectrum (free base): calc. for C27H24N204, 440.1731; 
found m/e 440.1749. 


Anal.-Calc. for C27H24N204.HC1-H10: C, 65.49; H, 5.50. Found: C, 
65.27; H. 5.66. 


Conversion of IV to  VII-A solution of I V  ( 1  g, 2.85 mmoles) in 
methyl iodide (3 ml) and acetonitrile (10 ml) was refluxed for 0.5 hr and 
cooled, and the solvent was evaporated. The residue, after basification 
with aqueous sodium bicarbonate and chloroform extraction, provided 
VII in high yield. 
8-Berberinylidenemalononitrile (XI1)-Malononitrile (0.6 g, 9.1 


mmoles) was added to dry tetrahydrofuran (20 ml), followed hy sodium 
hydride (0.2 g, 8.3 mmoles). Following gas evolution, V (1.5 g, 4.08 
mmoles) was added, and the mixture was stirred for 30 min. The red 
mixture was diluted with an equal volume of ether and filtered. The solid 
was slurried in chloroform and filtered, and the filtrate crystallized upon 
addition of ether. Recrystallization from methanol afforded 1.1 g (2.75 
mmoles, 68%) of XI1 as reddish-orange crystals, mp 276-277'; IR: u;!:'~ 
2102 cm-1; UV: Ae,lknOl 255 sh (log c :3.97), 278 (3.85), 345 (3.84), 368 sh 
(3.73), and 466 (3.51) nm; PMR (trifluoroacetic acid): 6 3.25 (t ,  2H, J = 


OCH3), 6.23 (s, 2H, OCH20), 6.30 [s, lH,  HC(CN)2], 7.06 (s. lH, aromatic 
H), 7.47 (s, 1H, aromatic H), 7.87 ( s ,  lH ,  aromatic HI, and 8.06 (s, 2H, 
H-11,12); mass spectrum: mle M+ 399 (1001,384 (20). 359 (60). 334 (40),  
and 322 (40); high-resolution mass spectrum: calc. for C ~ ~ H I ~ N : I O ~ ,  
399.1218; found m/e  399.1225. 


7 Hz, H-5), 4.90 (t, 2H, J = 7 Hz, H-6), 4.17 (s, 3H, OCH3), 4.28 (s, 3H, 


Ethyl 8-Berberinylideneacetoacetate (XII1)-Ethyl acetoacetate 
(1.2 ml, 8.3 mmoles) was added to a stirred slurry of sodium hydride (0.2 
g, 8.3 mmoles) in dry tetrahydrofuran (50 ml). After gas evolution, V (1 
g, 2.7 mmoles) was added, and the mixture was stirred for 30 min. The 
product was partitioned between chloroform and water, the organic layer 
was dried, and the solvent was evaporated. Trituration with ether gave 
a product, which was recrystallized from methanol to give 1.04 g (2.15 
mmoles, 80%) of XI11 as dark-red plates, mp 263-264"; I R  wiz 1620 and 
1670 cm-1; UV: Xethenol 232 (log c 4.53). 267 (4.62), 337 (4.33), and 432 
(3.73) nm; UV: X:Lgo'*Ht 232 (log c 4.60), 267 (4.48), 352 (4.38). and 440 
(3.72) nm; mass spectrum: m/e M* 463 (5). 432 (loo), 403 (50), and 358 
(80). 


Anal.-Calc. for CXH~~NO~.CH$OH: C, 65.45; H, 5.85. Found: C, 65.37; 
H, 5.58. 


Diethyl 8-Berberinylidenemalonate (X1V)-Salt V (1.5 g, 4 
mmoles) was treated with the anion of ethyl malonate as described to 
yield, after similar workup and treatment with dry methanolic hydro- 
chloric acid, 1.54 g (3.14 mmoles, 79%) of XIV as the hydrochloride salt 
as light-orange needles, mp >300" (methanol-ether), and red needles 
of free base, mp 238" (methanol); UV: h:~""' 260 (log t 4.31), 332 (4.15), 
402 (3.78), and 428 sh (3.72) nm; mass spectrum: mle M+ 493 (2 ) ,  448 (2), 
421 (lo),  390 (30). 376 (40), 361 (45), 346 (40), 334 (loo), and 318 (30). 


Anal.-Calc. for C27H27NOgHCI: C, 61.30; H, 5.11. Found: C. 61.18; 
H. 4.90. 


8-Berberinylacetic Acid (XV) Chloride Salt-A solution of XIV 
(1.36 g, 2.76 mmoles) in methanol (20 ml) containing concentrated hy- 
drochloric acid (5 ml) was heated a t  60' for 1 hr, diluted with water, and 
extracted with chloroform. The organic layer was dried, filtered, and 
evaporated. The residue was recrystallized from ethanol-ether to afford 
0.85 g (2.16 mmoles, 78%) of XV. mp >300"; IR: v g z  1600,1720, and 3350 
cm-1; UV: X:Z""l 272 (log t 4.26), 353 (4.22), 411 sh (3.70), and 430 sh 
(3.68) nm; PMR (trifluoroacetic acid): 6 3.32 (t, 2 H , J  = 7 Hz, H-5), 4.28 


(s, 2H, OCHzO), 7.01 (s, l H ,  aromatic H), 7.59 (s, lH ,  aromatic H), 8.56 
(s, lH,  aromatic H), and 8.14 (s,2H, H-11.12). 


Anal.-Calc. for C22H20CINOvC2H50H: C, 60.58; H, 5.46. Found: C, 
60.95; H, 5.38. 


8-Canadinylacetic Acid (XV1)-A solution of XV (0.9 g, 2.3 mmoles) 
in ethanol (50 ml) was treated wit,h excess sodium borohydride, giving 
an oil that crystallized from methanolic hydrogen chloride solution. 
Hecrystallization from methanol afforded 0.8 g (2.0 mmoles, 87%) of XVI 
as very light-yellow needles of the hydrochloride salt, mp 212-214"; IR: 


267 sh (log t 3.44) 
and 287 (3.86) nm; mass spectrum: rn/e M+ 397 (30), 382 (101,338 (loo), 
322 ( lo) ,  306 (7), 278 (lo),  236 (15). 206 (25). 126 (25), and 169 (20). 


Anal.-Calc. for C22H23NOvHCI: C, 60.89; H, 5.57. Found: C, 61.00; 


8,8-Dimethyldihydroberberine (XVII) Hydroiodide-To a rapidly 
stirred suspension of magnesium turnings (1 g) in ether (20 ml) was added 
portionwise a solution of methyl iodide (1 ml) in ether (20 ml) a t  a rate 
to maintain vigorous reflux. The mixture was cooled, a suspension ofV 
( 1 g. 2.67 mmoles) in ether (20 ml) was added, and the mixture was re- 
fluxed for 30 min. The product was poured over ice, mixed with concen- 
trated sulfuric acid (5 ml), and extracted with chloroform. The organic 
layer was worked up and treated with methanolic hydrogen iodide to 
furnish 0.78 g (60%) of the hydroiodide salt, m p  222' dec.; I'MH (triflu- 
oroacetic acid): 6 2.21 ( s ,  6H, 2 CH:j), 3.26 (t,  2 H , J  = 7 Hz, H-5), 4.04 (s, 
:1H, OCH:j), 4.16 (s, 3H, OCH:x), 4.31 ( t ,  2H, J = 7 Hz, H-6). 4.70 ( s ,  2H. 
H-13),6.19(~,2H,OCH~0),6.93(~, IH,H-4),7.19(~,2H.H-ll.l2),and 
7.50 (s, 1H, H-1). 


Anal.-Calc. for C~?HP:~NO~-HI :  C. 533.52; H. 4.90. Found: C, 53.12; H, 
4.90. 
8,s-Diethyldihydroberberine (XVIII) Hydroiodide-By a proce- 


dure similar to that described but using ethylmagnesium bromide, XVIII 
was obtained in 66% yield as orange needles of the hydroiodide salt, mp 
2990' dec. (methanol). 


Anal.-Calc. for C~~H~~NOJ.HI.(:H:IOH: C, 54.25; H, 5.68. Found: C, 
54.35; H, 5.39. 


8-Benzylberberinium Bromide (XX)-An ethereal V suspension 
( 1  g, 2.7 mmoles) was treated with excess ethereal benzylmagnesium 
hromide. Workup provided 0.99 g (2.32 mmoles, 86%) of XX as light-red 
needles, mp 232-233' (methanol); UV: Xf,hi""' 285 (log c 4.04). 365 (3.87). 
400 (3.44), and 450 (3.28) nm; PMR (trifluoroacetic acid): 6 3.08 (t, 2H, 


( s ,  6H, 2 OCHs), 4.96 (t, 2H, J = 7 Hz, H-6), 5.25 (s, 2H, CH&OOH), 6.20 


1480,1720,2400, and 3400 cm-l; UV: 


H,  5.88. 


J = 7 Hz, C-5). 3.85 ( s ,  3H, OCH:,), 4.20 ( s ,  3H, OCH3), 4.87 (t, 2H, J = 
7 Hx, H-6), 5.53 (s, 2H, PhCHr), 6.15 ( s ,  2H, OCH20), 6.90 (s, l H ,  H-4). 
7.08-7.43 (m,  5H, ArH), 7.55 ( s ,  lH ,  H-l) ,  8.10 (s, 2H, H-11.12). and 8.55 
(s, 1H, H-13); mass spectrum: m/e Mt 425 (loo), 410 (53), 394 (24), and 
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334 (80); high-resolution mass spectrum: calc. for CnHaNO4,425.1627; 
found rnle 425.1615. 


8,8-Diethylcanadine (X1X)-A XVIII solution (0.1 g, 0.25 mmole) 
in ethanol (20 ml) was treated with excess sodium borohydride (0.4 g). 
Workup and recrystallization from methanol furnished 0.096 g (96%) of 
XIX as tan plates, mp 168-169’; UV: eO’ 233 (log c 4.31) and 288 (3.81) 
nm; mass spectrum: m/e  M+ 395 (5), 367 (loo), 335 (10). 220 (35), and 
17.5 (40); high-resolution mass spectrum: calc. for CzdH2sN04,395.2096; 
found rnle 395.2125. 


8-Benzylcanadine (XX1)-Sodium borohydride reduction of XX 
(1 g, 2.3 mmoles) in ethanol yielded 0.98 g (99%) of the known XXI, mp 
165-166’ (methanol) [lit. (5) mp 163-165’1. 
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Abstract  0 Eight dissolution methods (beaker, rotating basket, oscil- 
lating basket, solubility simulator, rotating flask, and column) were 
evaluated using 21 commercial film-coated chloramphenicol (I) tablets 
and a nondisintegrating benzoic acid (11) tablet. The relative agitating 
intensities obtained from different dissolution methods were compared 
through the relative zero-order nondisintegrating tablet dissolution rate 
constants. Correlation coefficients between I dissolution rate parameters 
(lag time, Tsu, T,,, and T w )  were determined. Significant correlation was 
observed for the lag time among seven methods, and all pairwise re- 
gression lines passed through zero except one. The regression line slopes 
reflected the relative destructive force intensities produced by each 
dissolution method on the coated I tablet films. The seven dissolution 
methods could he classified into two main groups according to correla- 
t i ons  of four dissolution rate parameters. This classification criterion 
agreed well with that based on the agitation method. However, dissolution 
methods may not he interchangeable even though they belong to the same 
dissolution method group. 


Keyphrases 0 Dissolution testing systems-eight systems compared, 
chloramphenicol tablets and powder, benzoic acid tablet 0 Dissolution 
rates-chloramphenicol tablets and powder, henzoic acid tablet 0 
Chloram),henicol-dissolution rates, tablets and powder, eight testing 
systems compared o Benzoic acid-dissolution rate, tablet, eight testing 
systems compared 


Since the dissolution rate was first recognized as a sig- 
nificant factor in determining in uiuo drug bioavailability, 
many methods for testing solid dosage form dissolution 
have been reported (I, 2). These methods differ in hy- 
drodynamic properties, agitating intensities, and me- 
chanical destructive forces to the intact drug. There are 
three basic dissolution testing devices (2, 3): the stirred- 
tank reactor with a mechanical agitator such as  Levy’s 
beaker method (4) or the rotating-basket method (5), the 
rotating vessel reactor such as the rotating flask (6) or the 


solubility simulator’, and the stream reactor such as  the 
column method (7-9). 


Several investigators compared the relative agitating 
intensities or hydrodynamic properties of selected disso- 
lution devices by using a nondisintegrating model tablet 
(10-12). Bathe et al. (3) studied dissolution rates by bea- 
ker, rotating-basket, and flow column methods under eight 
different conditions. However, detailed comparisons of 
disintegrating tablet dissolution methods have not been 
made. 


In the present study, eight representative dissolution 
testing methods were compared and evaluated. They can 
be divided into three categories: (a) stirrer-tank reactor 
type (beaker, rotating basket, and oscillating basket), ( b )  
rotating-vessel reactor type (rotating flask and solubility 
simulator’), and ( c )  stream reactor type (column). Disin- 
tegrating tablets-21 chloramphenicol (I) brands available 
in Japan-and nondisintegrating tablets-benzoic acid 
(11)-were used as markers. The two drugs were selected 
because of their moderate solubilities in acidic solutions 
(2-4 mg/ml). 


EXPERIMENTAL 


Materials-Twenty-one different sugar-coated I tablets were obtained 
from 16 manufacturers in Japan. Tablets A-E each contained 50 mg of 
I while Tablets F-U each contained 250 mg of 1. A powder of I* was in- 
cluded for comparison. Nondisintegrating and uncoated tablets con- 
taining 100 mg of 11“ were used. 


Sartorius-Memhranfilter CmbH, GottinKen, West Germany. 
Yamanouchi Pharmaceutical Co.. Tokyo. dapan. .’ Supplied by Dr. lkeda and Dr. Nishimura. Sankyo Co., Tokyo, Japan 


700 1 Journal of Pharmaceutical Sciences 
Vo/. 68, No. 6, June 1979 


0022-3549/ 791 0600-0708$0 1.001 0 
@ 1979, American Pharmaceutical Association 












Thermodynamic Relationship between a- and 
,&Forms of Crystalline Progesterone 


MITSUO MURAMATSU =, MAKIO IWAHASHI, and USHIO TAKEUCHI 
Received October 17,1977, from the Faculty of Science, Tokyo Metropolitan University, Setagaya-Ku, Tokyo, J apan  158. 
publication July 11,1978. 


Accepted for 


Abstract 0 Thermodynamic properties such as the latent heat of fusion, 
aqueous solubility, heat of solution, and interchange energy with water 
were determined for single crystals of progesterone in a- and &forms. 
The differences in the properties between the polymorphic crystals arise 
from a dissimilar mode of molecular packing, rather than of molecular 
conformation, in the unit cell, as reflected in the IR spectral and X-ray 
crystallographic results. 


Keyphrases o Thermodynamic properties, various-determined for 
a- and &forms of crystalline progesterone 0 Progesterone-a- and 8- 
forms of crystals, various thermodynamic properties determined o 
Crystals-a- and 8-forms of progesterone, various thermodynamic 
properties determined 0 Steroids-progesterone, a- and 8-forms of 
crystals, various thermodynamic properties determined 


In addition to its pharmaceutical and pharmacological 
role (1,2), the importance of crystalline polymorphism has 
been recognized in understanding thermodynamic prop- 
erties of solid substances (3). Some thermodynamic dif- 
ferences between polymorphic crystals are revealed in 
orientational changes of the molecules in insoluble mo- 
nolayers at  air-solution interfaces when polymorphic 
transformation is associated essentially with a conforma- 
tional change of the molecules in the two-dimensional film 
(4-6). 


Progesterone has at  least two polymorphic forms in its 
crystalline state (7-13). Little has been reported on the 
physicochemical properties to clarify the thermodynamic 
relationship between them. In the present experiments, 
an attempt was made to provide information about the 
thermodynamic and relevant properties of the steroid in 
different polymorphic states. Such information is neces- 
sary not only for establishing criteria of crystallographical 
and pharmacological purities for quality control of the 
steroid but also for the quantitative understanding of its 
surface chemical properties. 


EXPERIMENTAL 


Identification of the polymorphic crystals was achieved with an X-ray 
diffraction unit', an IR spectrometer2 (resolving power of 0.5 cm-I), and 
a differential scanning calorimeter" with a temperature range from - I50 
to t300O (accuracy of f2.5 mJ/sec). For all experiments, a commercially 
available sample (pure grade) of crystalline progesterone4 was used after 
repeated recrystallization from aqueous ethanol (1:l v/v). 


The solubility in water was determined by the radiotracer method (14) 
with a radiochemically pure sample of 1,2-3HH-progesterone5 (specific 
activity of 410 gCilmmole). The techniques used were similar to those 
reported previously (6). 


RESULTS AND DISCUSSION 


Single Crystals of Progesterone-The sample, when recrystallized 


Rigaku Denki model 2001. 
Hitachi Perkin-Elmer model 225. 
Shimadzu model DSC-30 equipped with model LTC-30 cooling unit. 
Nakarai Pharmaceutical Co., Kyoto, Japan. 
The Radiochemical Centre, Amersham, England. 


Figure 1-Single crystals in a- (left) and 8- (right) forms obtained by 
seeding-recrystallization from ethanolic mixtures (1:l v/u) with water 
(top) and n-hexane (bottom). 


without seeding from an ethanolic mixture (1:1 v/v) with water or n -  
hexane, was identified as the a-form (9,101 or Form A (12.13). which gave 
only one peak a t  128' on the differential scanning calorimetric chart. 
After equilibrium melting in air at 85 f 2' for a few hours, it had turned 
to the 122' melting crystal, which corresponded to the @-form (9,10) or 
Form B (12,131. When such a crude sample of the a- or &form was used 
for seeding, upon slow cooling of a progesterone solution, a single crystal 
(-1 mm X -2 mm average) was always obtained and was identified as 
the a-crystal or a mixture of a- and &crystals, respectively; the latter 
permitted manipulative separation with the unaided eye. 


Figure 1 shows the microphotographs of these single crystals. Those 
in the left figures were identified as pure samples of the a-form from 
crystallographical (15,16) and IR spectral (12,13) aspects. No definitive 
data have been established for identification of the 8-form. 


Crystalline Transformation-When molten liquid underwent 
equilibrium melting a t  85' in air, nitrogen, or helium, &crystals always 
were formed; in a vacuum (2-3 mm Hg), n-crystallization took place. A t  
room temperature, both crystals seemed to be so stable that apparently 
no polymorphic transformation occurred for several months or longer. 
At a higher temperature, a unilateral transformation, fi  - a ,  occurred 
spontaneously (Fig. 2). The @-form apparently is thermodynamically 
unstable. Heating a t  122 and 128' returned the 8- and a- forms, respec- 
tively, to the molten state. 


Differential scanning calorimetry (-100 F! +150') of the steroid in 
air showed that the molten specimen was crystallized a t  a cooling rate 
of -1'/min; -lOO/min was so fast that  the specimen remained super- 
cooled throughout the cooling processes. In such a case, crystallization 


Table I-Aqueous Solubilities of Progesterone in  (I- and &Forms 


Solubility, M 
Temperature a-Form &Form 


21.7' 
24.0' 
25.3' 
30.2' 
30.5' 
35.5' 
36.4' 
40.7' 
41.3' 
46.1' 


2.60 - 
2.81 - 
3.80 - 
- 4.52 
- 5.39 


4.69 - 
- 6.75 


6.37 - 
6.50 - 


- 3.72 
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Table 11-Heat of Solution, AH,, Latent  Heat  of Fusion, AHf, 
and Molar Interchange Energy, a, for Progesterone in a- a n d  6- 
Forms 


Parameter, 
k c a h o l e  a-Form @-Form Difference 


8.41 7.27 bAH, = 1.14 
8AH = 1.08 


A& 
6.68 5.60 


+1.73 +1.67 d = 0.06 mi + 


.I\ 133 hr 


1 30° 1 20° 


TEMPERATURE 


Figure 2-Differential scanning calorimeter diagrams fur @-crystal kept 
standing in a vacuum (2-3 mm Hg) at 99 f 1’ for the indicated time. 
Fiue samples of single P-crystals were split into two half-portions for 
the high temperature and control tests. N o  change was observed with 
the controlportion, which had been kept in a uacuum at room temper- 
ature. With the u-crystal, no change was observed on the differential 
scanning calorimetric chart throughout several weeks, regardless of the 
pressure (2-760 mm Hg) and temperature (25-99’). 


usually took place in the subsequent heating processes. In all cases, the 
crystallization temperature was from 37 to -120’, depending on the 
experimental conditions. All of these crystals proved to be of the &form 
regardless of the solidification conditions. Forms 111-V, reported by 
Brandstatter-Kuhnert and coworkers (9-1 I), seem to represent meta- 
stable states that change commonly to the 8-form. 


Recrystallization from an organic solvent such as ethanol, benzene, 
acetone, or ether always yielded the a-form, as did any binary mixture 
of these solvents. 


Thermodynamic Relationship-The dissolution processes of pro- 
gesterone in water obey the first-order rate law (6, 14). The solubility, 
C,, a t  a temperature, T ,  was determined by extrapolating the rate 
equation to infinite time (Table I).  Table 11 gives the heat of solution, 
A H s ,  based on the linearity of the C, -1/7’ relationship, the latent heat 


1 


1111111111111111 
1 O0 15’ 20° 25’ 
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Figure 3-X-ray diffraction patterns for pulverized samples in a- (-) 
and p- (. . . .) forms. 


Table 111-Lattice Constants of Progesterone in u- and @-Forms 
(Orthorhombic Crystalline System) 


Sample a-Form, 8, @Form, 8, 


a 


C 
b 


12.62 
13.84 
10.38 


12.65 
22.65 
6.36 


of fusion, AH,, obtained from the differential scanning calorimetric chart 
with crystalline potassium nitrate as the reference, and the molar inter- 
change energy, 9, defined as: 


+=AH,-iwf (Eq. 1) 


This term can, in turn, be expressed (6) as: 


+ = p z N @  (Eq. 2) 


where N is Avogadro’s number, p is the fraction of progesterone-water 
linkage to all z linkages around a progesterone molecule in the solution, 
and 4 is the pair hydrophilicity defined as: 


4J = 612 - ( f 1 1  + r22)/2 (Eq. 3) 


in terms of the bond energies for the pairs of progesterone-water ( c I ~ ) ,  
water-water ( t l  I ) ,  and progesterone-progesterone (4. 


The interchange energy, a, or the pair hydrophilicity, 4, is rationalized 
under the assumption that the molecular conformation in a polymorphic 
crystal remains unchanged throughout the dissolution processes since 
the solubility is determined by extrapolating the rate equation to infinite 
time. In Table 11, therefore, the small b+ value is indicative of almost the 
same conformation of the progesterone molecules in between a- and 8- 
crystals. The 8 M ,  is contributed largely by d M ,  and negligibly by 6+, 
suggesting that the crystalline polymorphism is characterized by the 
dissimilarity in the packing mode of the molecules without a significant 
difference in their conformation. In fact, the IR spectral difference ap- 
peared only as the shift at -870 cm-’, which Mesley (13) ascribed to the 
difference in CH out-of-plane vibration. The X-ray diffraction patterns 
for pulverous samples (Fig. 3) and the lattice constants thereby obtained 
(Table 111) are in good agreement with the reported values (15-18). 


Campsteyn et al. (17) reported that the intermolecular cohesion in 
a-crystalline progesterone is due mainly to van der Waals attraction. 
Foresti-Serantoni et al. (18) indicated that the molecular conformation 
in the a-crystal is similar to that in the &-crystal and, accordingly, that 
the packing forces in these crystals have little correlation to the molecular 
conformation. All these aspects are in accord with the consideration that 
the thermodynamic difference comes solely from a different mode of 
molecular packing, rather than the molecular conformation, in the unit 
cell. 
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Abstract 0 A new in vitro dissolution test apparatus was designed and 
evaluated. Compressed tablets of drugs representing different solubility 
characteristics were tested at  various air pressures and compared to 
dissolution patterns of similar tablets by the Levy beaker and USP 
methods. Air pressure of 46 mm generally was suitable for determining 
the dissolution rates of tablets. This new dissolution tester possibly can 
be useful in determining drug release from solid dosage forms and cor- 
relating it with in vivo bioavailability because dissolution rate can be 
controlled easily with the adjustment of air pressure without complicated 
changes in the apparatus, there is no excessive settling of particles, and 
complete drug dissolution can be achieved with no clogging of the 
screen. 


Keyphrases Dissolution test apparatus-designed, evaluated with 
various drugs at  various air pressures, compared to other methods 
Apparatus, dissolution tesedesigned, evaluated with various drugs at  
various air pressures, compared to other methods 


Determination of in uitro dissolution rates is important 
in the design, evaluation, and quality control of solid 
dosage forms. The USP and NF dissolution tests suffer 
from a number of technical problems (1,2).  


Various other methods generally involve induced agi- 
tation. The Levy beaker method (3) is the most commonly 
used method and is generally recommended as a standard. 
Other reported methods (4-7) have the commonly en- 
countered problem of mound formation of particles at the 
bottom of the container due to poor particle dispersion. 
Mound formation may affect apparent dissolution char- 
acteristics (8). In this study, a better correlation was ob- 
served with a rotating flask that allowed good dispersion 
at low agitation. Another problem is the degree of agita- 
tion, which is usually greater than what the dosage form 
will encounter in the GI tract. 


The USP and NF methods also are subject to poor dis- 
persion. In these methods, the screen acts as an interfacial 
barrier at moderate stirring rates. In addition, the fine 
mesh screen is clogged by undissolved particles (9). 


An apparatus will be most suitable for in uitro testing 
of solid dosage forms if it achieves a thorough dispersion 
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of particles with minimum agitation, similar to the agita- 
tion in the GI tract. With these factors under consider- 
ation, an in uitro’ dissolution tester was designed and 
evaluated. 


EXPERIMENTAL 


Description of Apparatus-The apparatus (Figs. 1 and 2) consists 
of two cylindrical glass tubes: tube A, 28.4 cm long X 3.4 cm id.; and tube 
B, 29.4 cm high X 2.8 cm i.d. Tube B is connected to tube A at  the base 
and at a length of 17.3 cm by tubes with an identical diameter of 1.0 cm 
and a length of 4.7 cm. 


A stainless steel basket and an air tube are suspended in tube A. The 
bottom of the basket is approximately 15.7 cm from the bottom of tube 
A, and the air tube just protrudes from the stopper. 


The basket consists of a solid metal top with a small vent and is fitted 


Rubber Cup 


Rwcelain 
Stone I >  


40 \leth Screen 


Figure 1 -Dissolution tester. 
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of orally administered digoxin may be due to variation in gastric pH, 
which would modify the composition of digoxin species available for 
absorption (12). The catalytic effect of montmorillonite will accentuate 
this problem. Therefore, the concomitant administration of drug products 
containing digoxin and montmorillonite should be avoided. 


A similar catalytic effect may also occur with other neutral drugs that 
degrade by acid hydrolysis and should be considered the formulation 
of clay-containing drug products or their coadministration with other 
drugs. 
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Abstract 0 The prediction of a strong hydrogen-bonding interaction 
between barbital and I-methyliniidazole was confirmed. Two crystal 
complexes were obtained, 1:l and 2 1 ,  and the X-ray structure was de- 
termined for the 1:1 complex, which is monoclinic, space group I’21/c, with 
a = 12.236(3)A, b =  11.332(4) A ,c=  12.495(4)A,andd= 120.67(1)”.The 
structure contains disk-shaped hydrogen-bonded tetramers with two 
molecules of each kind. There is a short NH-N hydrogen bond (2.82 A) 
in which barbiturate provides the NH donor. 


Keyphrases 0 Barbital ---complex with 1-methylimidazole, cryhtal 
structure determined 0 1-Methylimidazole-complex with barbital, 
crystal structure determined 0 Complexes-harhital with 1 -methylim- 
idazole, crystal structure determined 0 Crystal structure-determined 
Ior complex of barbital with 1-methylimidazole 


Barbiturate drugs behave as strong hydrogen-bonding 
donors through their two NH groups but are weak accep- 
tors through their three carbonyl oxygen atoms. These 
conclusions were derived from the hydrogen-bonding ar- 
rangements and interatomic distances observed in the 
crystal structures of a series of complexes of barbital with 
other small molecules representative of biological systems 
(1, 2). Thus, barbiturate drug receptor sites are likely to 
involve strongly electronegative hydrogen-bonding ac- 
ceptor groups, such as the nitrogen atoms of adenine (3, 
4), the imidazole ring in histidine or histamine (2), or the 
phosphoryl oxygen atoms of phospholipids (5). 


These studies indicated that a strong hydrogen-bonding 
interaction would occur between barbital (5,5-diethyl- 
barbituric acid) and 1-methylimidazole (Fig. l ) ,  which 
might lead to crystal complexation. Indeed, l-methylim- 
idazole was a powerful solvent for barbital. The high vis- 
cosity of this solution made direct crystallization imprac- 
tical. However, two crystal complexes were obtained from 
an ethanol solution; in one complex ( l : l ) ,  crystal structure 
determination confirmed a short hydrogen bond NH-N 
(2.82 A) in which barbital is the donor and l-methylim- 
idazole is the acceptor. 


EXPEHl M ENTAL 


Crystals of the 1:l and 2:1 complexes were obtained from the same 
ethanolic solution, which was saturated a t  60“ with respect to hoth har- 
hital and 1-methylirnidazole, and slowly cooled in a sealed vial. Spare 
groups and approximate cell data lor these complexes were determined 
Irom X-ray precession photographs’. 


Crystals of the 1:l complex, which dissociate at  96O, are monoclinic, 
space group P2l/c, with a = 12.236(3) A, h = 11.332(4) A, c = 12.495(4) 
A, and d = 120.67(1)O. The crystal density (1.190g/cm:’) determined hy 


’ N o  further work is planned on thr 2 1  cctmplex ~ f t ~ a r h i t a l  and I-methylirnid- 
nzde.  ‘I’hese crystals are rnonwlinic. s p y e  group l’2r/c, with a = 16.7 A. 0 = 12.1 
A. c = 12.4 A. and d = lo’?“. There are eight Iisrliital and f w r  I.methplirnidaaole 
m!decrrles per unit cell. 
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flotation i n  carhon tetrachloricle- 1)enzene agrees with the  calculated 
density (1.187 g/cni,'), assuming that the unit cell contains four molecules 
01 each kind. 


The  (.ell data and the X-ray intensities were measured a t  room tem- 
perature using n four-circle computer-controlled diffractcimeter' with 
graphite-monochromaled MoKIt-radiation ( A  = 0.709:3 A). T h e  crystal 
(0.:12 X 0.22 X 0.20 mm) was mounted with the c-axis almost nlong the 
diffractometer +-axis. Integrated intensities f o r  262s nonsymmetry re- 
lated reflections were mcnsiired hy f/l'L// scans. The variance in an inte- 
grated intensity was assiimed to he rn'(/) = r ~ ?  + (0.021)?, where d is the 
variance due to counting statistics. 'I'here were 1887 reflections with an 
intensity greater than M l ) .  No corrections were made for X-ray ab-  
sorption or extinction. 


T h e  phase prohletn was solved by direct met hods, using svmholic ad- 


Table I-Atomic Positional Parameters for the I -  
Methylimidazole-Barbital Complex n 


X Y 2 


Nonhydrogen Atomsh-Barbital 
5936 (2) 4106 (2) 6423 (2) 
4719 (3) 4016 (2) 6211 (3) 
3818 (2) 4452 (2) 5313 (2) 
4602 (2) 3424 (2) 7104 (2) 
5557 (3) 2909 (3) 8153 (3) 
5346 (2) 2439 (2) 8896 (2)  
6881 (3) 2908 (3) 8328 (3)  
6995 (3) 3611 (3) 7367 (3)  
8013 (2) 3727 (2) 7421 (2) 
7843 (4) 3384 (6) 9651 (4) 
7617 (5) 4663 (6) 9802 (4 )  
7199 (4) 1635 (5) 8222 (5) 
6312 (5)  1093 (4) 6997 (5) 


Nonhydrogen Atomsh-1 -MethyIimidazole 
1138 (2) 2571 (2) 
807 (4 )  1866 (4) 


2204 i3j 2479 i3j 
2230 (2) 3217 (2)  
11 16 (3 )  38'25 (3) 
443 (3) 3436 (3) 
Hydrogen Atoms'---Barbital 
595 (2) 453 (2) 
386 12) 340 (2) 
870 ~ 3 )  335 (3) 
773 (3) 301 (2) 
786 (3)  519 (3) 
827 (4)  491 (3) 
675 ( 3 )  481 (3) 
715 (3)  118 (3 )  
819 (3) 158 (3) 


609 (3) 145 (3) 
669 (3) 34 (3) 


535 (3) 100 (3) 


7773 (2) 
8538 (4) 
7728 (3) 
6957 (2) 
6476 ( 3 )  
6974 (3) 


587 (2) 
700 (2) 
984 (2) 


1020 ( 3 )  
931 (3) 


1059 (4) 
977 (3) 
893 (3) 
834 (3) 
701 (3)  
618 (3) 
653 (3) 


814 (3) 
913 (3) 
903 (3) 
821 (2)  
583 (2)  
684 (2) 


- ~~~ ~~~ 


l'ositilmal yaraineters are given BS f'racti(ins of the lattice translations. Esti- 
mated standard deviatims give11 in parentheses refer ti) the least-significant figures 
i n  parumeter values. * Positional parameters x lo4. c Positional parameters x 
lo:'. 


dition and tangent refinement procedures (6). T h e  nonhydrogen atomic 
parameters obtained from a n  E-map were refined initially hy block- 
diagonal least-squares methods. Nine of the 18 hydrogen atoms were 
readily found in a difference Fourier map, T h e  remainder, which con- 
sisted mostly of  terminal methyl hydrogen atoms, were found near t h e  
end of a full matrix least-squares refinement. 


= 
lF(,lls1 - (F,,i,.l and fi'H = l/r~?(F,,!,*). Atomic scattering factors were those 
of Cromer and Waber (7) for nonhydrogen and ot' Stewart c't a / .  (8)  for 
hydrogen. The  data were suspected to be subject to X-ray extinction since 
reflections with strong intensities and large d-spacings gave calculated 
structure amplitudes systematically larger than the  ot)served values. In 
the final refinement, seven such reflections were omitted. T h e  final R -  


T h e  function minimized by least squares was Yi i : / /A; , ,  where 


-0.08 t 
Figure 2--Hnrltilal ring. 'f'hc dashrd /in(. is the  tract, C J f  thc  best b a s t -  
syuaros plnnc through the ring atoms. Atomic, displucements from this 
pianc (angstroms 1 rrrc showi on a orrticnl scnlc, eight timcs grc'atc'r than 
the horizon t a1 .sea I(,. 
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Figure 3-Hydrogen-bonded tetrarner. Thermal ellipsoids are shown 
that have 50', probability of enclosing each vibrating atom. Nitrogen 
atom ellipsoids are hatched, and carbon atom ellipsoids are cross- 
hatched. Hydrogen-bonded N - 0  and N.-N distances (angstroms) are 
shown. 


factors were R = SMI&( / \ 'HF, ,~ ,  = 0.077 and R,, = ( X H ( W & ) ~ /  
S H ( W F , , ~ ) ~ ] ~ / *  = 0.034. A list of observed and calculated structure factors 
and a table of anisotropic temperature factors.for nonhydrogen atoms 
were compiled2. Final atomic positional parameters are given in Table 
I. 


DISCUSSION 


Bond lengths and angles (Fig. 1) agree with those in the barhital- 
imidazole complex (2) within the limits of'experimental error. The bar- 
bital ring atoms are in an almost coplanar conformation (Fig. 2) similar 
to that observed in a number of other harhiturate crystal structures (Fig. 
3 in Ref. 9). The ethyl group carbon atoms and the ring atom C(5) in 
barbital are almost coplanar, with atom C(2) having the largest dis- 
placement (0.065 A )  from the least-squares plane. This coplanar group 
and the ring plane make a dihedral angle of91.7'. In 1-methylimidazole, 
the imidazole ring atoms and the 1-methyl carbon atom are coplanar. 


The  most interesting feature in the structure is the formation of hy- 


Availahle on request l'rorn authors. 


drogen-bonded tetramers consisting of two molecules of each kind (Fig. 
3). Two barbital molecules related by a crystallographic center of sym- 
metry form N(l)H-0(2) hydrogen bonds with N-0 distance (2.85 A). 
This distance is within the range (2.63.0 A) observed for other hydrogen 
bonds between barbiturates (1). The other barbital N(3)H donor group 
forms a very short hydrogen bond (N-N, 2.82 A) with the nitrogen ac- 
ceptor atom of 1-methylimidazole (2). The NH-N angle is 172O. The 
barbiturate and imidazole rings of molecules that form a tetramer are 
a t  dihedral angtes of 19.1O. The tetramers are thus disk shaped, with 
nonpolar groups forming most of the outer surface. There is an unusual 
CH--0 interaction between tetramers (C-0 distance, 3.31 A; CH-0 angle 
154.1') involving the 1-methylimidazole C(5)-H(5) group and barbiturate 
atom O(6). This interaction is not considered to be a hydrogen bond be- 
cause the C-0 distance is too long. 


The hydrogen-bonding arrangement is quite different from that of the 
imidazole complex with barbital. In that  complex, barbitals dimerize 
through NH-0 hydrogen bonds involving O(6) rather than O(2).  These 
dimers are cross-linked by hydrogen bonds formed a t  opposite sides of 
imidazole molecules to make infinite ribbons through the crystal struc- 
ture. The important feature common to both crystal complexes is the 
short Ng-N hydrogen bond (N-N distance, 2.78 A in the imidazole 
complex) in which barbiturate is the donor. 


Thus, the present crystal structure fits a pattern of behavior in which 
barbiturate NH groups form strong hydrogen bonds with acceptor groups 
in other molecules. 
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OPEN FORUM 


Open Letter to Phytochemists 


Inspired by papers delivered at  the recent conference at  Kew on the 
systematics and biology of Leguminosae, I reiterate a plea issued 
previouslyl. Those of us attempting to understand the effects of 
herbivores pn plants and the responses of plants to herbivory are 
dependent on the work of chemists, natural products chemists, 
phytochemists, and pharmacologists for the identification of the 
secondary compounds in plants. However, secondary compounds do 
not occur in Latin binomials, and herbivores do not eat Latin 
binomials. 


alkaloid in Xus albus, even assuming the plant to be correctly 
identified, is absolutely useless to the animal-plant biologist (except 
perhaps in giving some later phytochemist a clue as to what to look for 
in diagnosing a toxic diet). There is no excuse for the numerous 
papers that do not clearly identify the plant part from which the 
chemical was obtained. It takes one sentence to report it and only a 
few seconds to determine it. Secondary compounds are not evenly 
distributed in kind or quantity throughout the plant (in space and 
often in time as well). Animals respond accordingly. 


It is easier to understand why the phytochemist is reluctant to 
determine content per unit of tissue, but let me simply beg for such 
information. Most secondary compound effects on animals are dosage 
dependent2. Without statements of concentration, we are powerless 
to interpret refusals of foods containing these chemicals. 
Furthermore, artificial diets testing the compounds cannot be realistic 
unless the concentrations are known from real dietary items. Even 
statements of the approximate concentration enormously increase the 
value of a chemical identification. 


Seeds and their contained chemicals are of particular interest to 
me, and seed chemistry data are gross offenders. Seedcoats are from 
1 to 70% of the dry weight of a seeda and are usually made of largely 
inert cellulose-lignin-tannin complexes; a t  the least, secondary 
compounds found in the seedcoat are not repeated in the seed 
contents and vice versa. When a bag of seeds is ground up and 
analyzed, concentrations of secondary compounds as then measured 
are extremely misleading. The animals that eat seeds almost 
invariably discard, avoid, or defecate the seedcoat undigested. The 
kind and concentration of secondary compounds in the seed contents 
normally matter to the animal, and this information is almost never 
recorded. Please do it. 


The time is ripe for a person with a strong flair for organization to 
initiate and develop an international museum of secondary 
compounds. Such a “museum” would perform all those analogous 
functions provided by more conventional museums of organisms. The 
burgeoning population of workers on the interface between animals 
and plants are desperate for a technology or a system that will cut 
through the contemporary block to the identification, 
characterization, and provision of secondary compounds for 
experimental and feeding studies. Secondary compounds are, after all, 
pyactically the entire basis for the enormous and complex structure 
of the interaction between herbivores and plants, which makes them 
largely responsible for the diversity of plant and animal life on this 
planet. 


Secondary compounds occur in plant parts. A report of a new 
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Propoxyphene Bioa vaila bility 


A recent letter’ by Mr. Chmielewski on “Propoxyphene 
Bioavailability” in the Open Forum indicated that no technical 
information was forthcoming from the authors after written requests. 
As we certainly have no reason for not responding to any inquiry, we 
checked our files and discovered that Mr. Chmielewski’s request, 
along with six other requests, had been filed as sent. However, there 
were no copies of correspondence indicating that these requests were 
answered. We have recently sent the requested information to the 
requestors with our regrets for the delay. We thank MI. Chmielewski 
for bringing this matter to our attention. 


In regard to some conclusions drawn from the aforementioned Open 
Forum letter, we would like to make the following comments: 


1. The research lots reported2 in our bioavailability article were 
100,000 capsule lots (one-tenth full size manufactured lots), which 
were manufactured on the exact equipment to be used for the full- 
sized marketed lots. 
2. The research lots in question met all current existing FDA 


requirements and could have been submitted as part of an 
abbreviated NDA and been marketed. 


3. The research lot that was bioinequivalent was not marketed for 
that very reason. We firmly believe that it is better to test for the 
bioequivalence of products before they are put on theplarket rather 
than after marketing. 


4. The research lot that passed bioavailability testing was not 
marketed. The tablet dosage form was marketed instead. 


Our original a r q l e  was not published with political motivation. 
The data were sent to the FDA well before publication. The intent of 
the article wes to point out that existing FDA requirements for 
approval of propoxyphene capsules were, in our opinion, inadequate. 
Furthermore, Mr. Chmielewski’s request that only marketed generic 
formulations be tested for bioinequivalence would indicate that he is 
in favor of marketing products without any bioavailability testing. We 
do not believe that the blind approach of testing for bioequivalence 
only after the products have been marketed will improve the quality 
of the products on the market. It is quite possible that there are 
existing marketed generic formulations of propoxyphene capsules that 
are bioinequivalent. However, since there is little, if any, testing of 
this product for bioinequivalence, we sincerely doubt that any 
publications will be forthcoming. 
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The interference peak-N-acetylprocainamide peak height 
ratio in the deproteinized samples was 0.12-1.0 at  254 nm 
and 0.18-1.78 at 274 nm. The ratio was higher a t  the longer 
wavelength. 


UV absorption maxima occur a t  282 and 268 nm for 
procainamide and N-acetylprocainamide, respectively (1). 
However, monitoring the column effluent a t  254 nm with 
a fixed-wavelength detector3 is suitable for detecting these 
compounds because of the superior signal-to-noise ratio 
of that detector relative to the variable-wavelength de- 
tector4. 


The deproteinization sample preparation method pro- 
duced a number of peaks not present in predose plasma. 
These peaks elute before the N-acetylprocainamide peak 
and may represent other procainamide metabolites. 


Care needs to be exercised with the previously reported 
deproteinization plasma sample preparation method (1) 
to avoid overestimation of the pharmacologically active 
N -acetylprocainamide concentration. If a column is used 
that does not resolve the interference from the N-acetyl- 
procainamide peak, the solvent extraction sequence de- 
scribed improves N-acetylprocainamide quantitation. A 
prudent general approach is to use the extraction meth- 
od. 


(1)  M. A. F. Gadalla, G. W. Peng, and W. L. Chiou, J .  Pharm. Sci., 67, 
869 (1978). 


Roger L. Nation 
Myung G .  Lee 
Shiew-Mei Huang 
Win L. Chiou 
Clinical Pharmacokinetics Laboratory 


College of Pharmacy 
University of Illinois at the 


Medical C e n w  
Chicago, IL 60612 


and Department of Pharmacy 


Received September 25,1978. 
Accepted for publication January 10, 1979. 


Creatinine VII: 
Determination of Saliva Creatinine by 
High-Performance Liquid Chromatography 


Keyphrases 0 Creatinine-analysis, saliva, high-performance liquid 
chromatography 0 Saliva-analysis, creatinine, high-performance liquid 
chromatography 0 High-performance liquid chromatography-analysis, 
saliva creatinine 


To the Editor: 
Measurements of creatinine levels in biological fluids 


are important to the renal function determination and 
drug dosage adjustment in patients with renal insufficiency 
(1-4). Recently, a high-performance liquid chromato- 
graphic (HPLC) method for endogenous plasma, serum, 
and urine creatinine determination was developed (5,6). 
This method, however, was not sensitive enough for the 
assay of saliva creatinine, which might be as low as 0.03 mg 
%, or about 3% of the plasma or serum levels determined 
by the less specific colorimetric method (3). Furthermore, 


I - - u 
0 6  


RETENTION TIME, min 
0 6 0 6  


Figure 1-Chromatograms of creatinine (1) from various saliva sam- 
ples. Key: left,  pooled saliva from normal subjects; middle, pooled saliva 
spiked with 0.3 mg 7% of creatinine; and right, saliva from a normal 
subject with a creatinine level of0.256 mg %. Detector sensitivity was 
at 0.005 A full scale. 


serious interfering peaks from the deproteinized saliva 
coexisted with the creatinine peak. This result is somewhat 
ironic because saliva composition is commonly assumed 
to be less complicated than that of plasma. This commu- 
nication reports a modified HPLC method that is able to 
quantify low levels of endogenous saliva creatinine. 


Sample preparation included vortex mixing of 0.3 ml of 
saliva with 2 ml of acetonitrile for about 10 sec in a 13 X 
100-mm screw-capped glass culture tube, centrifugation 
at 2000 rpm for about 1 min, and direct pouring of the clear 
supernate into another tube containing 2 ml of methylene 
chloride, followed by vortex mixing and centrifugation. 
Exactly 100 p1 of the upper aqueous layer was then injected 
into the chromatograph. Essentially all of the acetonitrile 
was partitioned into the methylene chloride layer. 


The HPLC system consisted of a solvent delivery 
pump', a sample injection valve2, and a fixed wavelength 
(254 nm) detectors. A 25.4-cm linear recorder and a 25-cm 
cation-exchange column4 were used. The mobile phase was 
0.012 M ammonium phosphate solution made basic with 
0.4% (v/v) 0.1 N NaOH to pH 4.80. The creatinine studied 
at  ambient temperature had an -4.5-min retention time 


Model 6000A, Waters Associates, Milford, Mass. * Model U6K, Waters Associates, Milford, Mass. 
Model 440. Waters Aesociates, Milford, Mass. 
Whatman Partisil P X S  10/25 SCX column, Whatman Inc.. Clifton, N.J. 
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Table I-Typical Response Factors of Creatinine at  Various Spiked 
Concentrations in Saliva Samples 


Spiked Concen- 
Sample tration, mg % Peak Height", cm Response Factorb 


1 0 1.16 - 
2 0.05 3.04 37.60 
3 0.10 5.12 39.60 
4 0.20 9.10 39.70 
5 0.30 12.70 38.47 
6 0.50 


Avera e * S b  


19.60 36.88 
38.45 f 1.232 


a The detector sensitivity was set at 0.005 A full scale, and a 25.4-cm recorder 
chart paper was used. * Response factor = (peak height from spiked sample-peak 
height from unspiked sarnple)/spiked creatinine concentration. 


(Fig. 1). The creatinine peak was not as well resolved as 
that observed in plasma or serum samples using simple 
deproteinization (5). 


Methylene chloride in the sample preparation served 
two purposes. It removed interfering substances from sa- 
liva through extraction. It also concentrated the aqueous 
supernate as compared to the previous deproteinization 
procedure (51, since essentially all acetonitrile remained 
with the methylene chloride layer in the last step. Our 
preliminary study indicated that most creatinine remains 
in the upper aqueous layer. In other words, about a 
threefold increase in sensitivity can be achieved by the 
present extraction method. 


In our previous study (5), a variable wavelength detector 
set at  215 nm was used for creatinine quantitation. Al- 
though creatinine absorption a t  254 nm in the mobile 
phase used here was only -28% of that a t  215 nm, the 
higher signal-to-noise ratio using the 254-nm fixed wave- 
length detector as compared to the variable wavelength 
detector (7) would still make the former detector more 
sensitive. Based on a criterion of a signal-to-noise ratio of 
3, one could estimate the lower limit for quantitation with 
the present method as 0.0065 mg %. 


The satisfactory creatinine peak height linearity with 
increasing concentrations was demonstrated by the re- 
sponse factor studies (Table I). The coefficient of variation 
in the range studied was 3.2%. The coefficients of variation 
for the intraassay and interassay studies ( n  = 6) using a 
saliva sample with 0.048 mg % creatinine were 4.2 and 6.7%, 
respectively. The coefficients of variation were reduced to 
2 and 5.5%, respectively, with a 0.248-mg % saliva creati- 
nine sample. Over several months, many hundred saliva 
samples have been satisfactorily analyzed by the present 
method. 


In most of our saliva creatinine studies, the recorder 
chart speed was 10 cmhr.  The advantages of such a slow 
chart speed were discussed previously (8). In the present 
study,.a micrometer5 with its dial graduated in 0.1-mm 
increments was used for the measurement of peak 
heights. 
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Potential Antiarthritic Agents I: 
Benzoylacetonitriles 


Keyphrases 0 Antiarthritic agents-benzoylacetonitriles, synthesis, 
screened in rats, structure-activity relationships Benzoylacetoni- 
triles-antiarthritis activity, synthesis, screened in rats, structure-ac- 
tivity relationships 


To the Editor: 
Rheumatoid arthritis, a chronic inflammatory disorder 


of unknown etiology, is treated largely with agents useful 
only in ameliorating the acute inflammatory symptoms, 
i.e., pain and swelling. Clearly, nontoxic drugs effective in 
the remission of joint and cartilage destruction are criti- 
cally needed. We screened compounds in the chronic 
Freund's adjuvant-induced arthritis model (1) and dis- 
covered that benzoylacetonitrile (I) and its monofluoro- 
phenyl analogs (11-IV) were highly effective in this 
assay. 


Concurrently, we found this series to be inactive against 
carrageenan-induced edema in rats and urate synovitis in 
dogs and only weakly active in suppressing UV-induced 
erythema in guinea pigs. When tested for the suppression 
of prostaglandin synthesis in uitro, benzoylacetonitrile had 
only one-third of the potency of aspirin. Additionally, I and 
IV displayed little or no ulcerogenic potential in rats at  
total daily doses as high as 800 mghg. These facts suggest 
that prostaglandin synthesis inhibition is unlikely to ac- 


0 


Vernier Caliper, Fisher Scientific Co.. Chicago, Il l .  Scheme I 
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334 (80); high-resolution mass spectrum: calc. for CnHaNO4,425.1627; 
found rnle 425.1615. 


8,8-Diethylcanadine (X1X)-A XVIII solution (0.1 g, 0.25 mmole) 
in ethanol (20 ml) was treated with excess sodium borohydride (0.4 g). 
Workup and recrystallization from methanol furnished 0.096 g (96%) of 
XIX as tan plates, mp 168-169’; UV: eO’ 233 (log c 4.31) and 288 (3.81) 
nm; mass spectrum: m/e  M+ 395 (5), 367 (loo), 335 (10). 220 (35), and 
17.5 (40); high-resolution mass spectrum: calc. for CzdH2sN04,395.2096; 
found rnle 395.2125. 


8-Benzylcanadine (XX1)-Sodium borohydride reduction of XX 
(1 g, 2.3 mmoles) in ethanol yielded 0.98 g (99%) of the known XXI, mp 
165-166’ (methanol) [lit. (5) mp 163-165’1. 
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Comparative Studies on Eight Dissolution Methods Using 21 
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Abstract  0 Eight dissolution methods (beaker, rotating basket, oscil- 
lating basket, solubility simulator, rotating flask, and column) were 
evaluated using 21 commercial film-coated chloramphenicol (I) tablets 
and a nondisintegrating benzoic acid (11) tablet. The relative agitating 
intensities obtained from different dissolution methods were compared 
through the relative zero-order nondisintegrating tablet dissolution rate 
constants. Correlation coefficients between I dissolution rate parameters 
(lag time, Tsu, T,,, and T w )  were determined. Significant correlation was 
observed for the lag time among seven methods, and all pairwise re- 
gression lines passed through zero except one. The regression line slopes 
reflected the relative destructive force intensities produced by each 
dissolution method on the coated I tablet films. The seven dissolution 
methods could he classified into two main groups according to correla- 
t i ons  of four dissolution rate parameters. This classification criterion 
agreed well with that based on the agitation method. However, dissolution 
methods may not he interchangeable even though they belong to the same 
dissolution method group. 


Keyphrases 0 Dissolution testing systems-eight systems compared, 
chloramphenicol tablets and powder, benzoic acid tablet 0 Dissolution 
rates-chloramphenicol tablets and powder, henzoic acid tablet 0 
Chloram),henicol-dissolution rates, tablets and powder, eight testing 
systems compared o Benzoic acid-dissolution rate, tablet, eight testing 
systems compared 


Since the dissolution rate was first recognized as a sig- 
nificant factor in determining in uiuo drug bioavailability, 
many methods for testing solid dosage form dissolution 
have been reported (I, 2). These methods differ in hy- 
drodynamic properties, agitating intensities, and me- 
chanical destructive forces to the intact drug. There are 
three basic dissolution testing devices (2, 3): the stirred- 
tank reactor with a mechanical agitator such as  Levy’s 
beaker method (4) or the rotating-basket method (5), the 
rotating vessel reactor such as the rotating flask (6) or the 


solubility simulator’, and the stream reactor such as  the 
column method (7-9). 


Several investigators compared the relative agitating 
intensities or hydrodynamic properties of selected disso- 
lution devices by using a nondisintegrating model tablet 
(10-12). Bathe et al. (3) studied dissolution rates by bea- 
ker, rotating-basket, and flow column methods under eight 
different conditions. However, detailed comparisons of 
disintegrating tablet dissolution methods have not been 
made. 


In the present study, eight representative dissolution 
testing methods were compared and evaluated. They can 
be divided into three categories: (a) stirrer-tank reactor 
type (beaker, rotating basket, and oscillating basket), ( b )  
rotating-vessel reactor type (rotating flask and solubility 
simulator’), and ( c )  stream reactor type (column). Disin- 
tegrating tablets-21 chloramphenicol (I) brands available 
in Japan-and nondisintegrating tablets-benzoic acid 
(11)-were used as markers. The two drugs were selected 
because of their moderate solubilities in acidic solutions 
(2-4 mg/ml). 


EXPERIMENTAL 


Materials-Twenty-one different sugar-coated I tablets were obtained 
from 16 manufacturers in Japan. Tablets A-E each contained 50 mg of 
I while Tablets F-U each contained 250 mg of 1. A powder of I* was in- 
cluded for comparison. Nondisintegrating and uncoated tablets con- 
taining 100 mg of 11“ were used. 


Sartorius-Memhranfilter CmbH, GottinKen, West Germany. 
Yamanouchi Pharmaceutical Co.. Tokyo. dapan. .’ Supplied by Dr. lkeda and Dr. Nishimura. Sankyo Co., Tokyo, Japan 
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Table I-Benzoic Acid Dissolution Rate Constants from 
Nondisintegrating Tablet  under  Sink Condition 


Method K d .  mg/min Relative K d  


a 
b (in)" 
b (out) 
c-I (in) 
c-I (out) 
c-I11 (in) 
c-I11 (out) 
d 
e 
f 


0.896 
0.221 
0.288 
1.012 
0.294 
i . i32 
0.500 
0.974 
0.123 
0.339 


1 .oo 
0.25 
0.32 
1.13 
0.88 
1.26 
0.56 
1.09 
0.14 
0.38 


"Tablet was placed in the basket. Tablet was placed out of the basket. 


Dissolution Methods-Beaker: Method a-A cylindrical flat-bottom 
vessel for the disintegration test (JP IX) was used. One liter of the dis- 
solution medium kept a t  37" was stirred a t  120 rpm with a three-bladed 
impeller (4.5 X 1.5 cm), which was held 4.5 cm from the vessel bottom. 
The tablets were placed a t  the vessel bottom during dissolution. 


Rotating Basket: Method b-The test was carried out according to 
USP XIX specifications at  120 rpm. 


Oscillating Basket: Method c-The disintegration test (JP IX) device 
was used, with the basket-rack assembly attached under three different 
conditions: ( a )  without the disk (c-I), (b) with the disk as specified in JP 
IX (c-II), and (c) with the disk located so that it touched the vessel bottom 
a t  the lowest point on the downward stroke (c-111). Tablets were placed 
into one of six open-ended glass tubes. The medium volume was 1 
liter. 


Rotating Flask: Method d-A 2-liter round-bottom flask was used as 
the vessel into which 150 g of glass beads (8-mm diameter) and 75 g of 
butyl rubber pieces (15 X 15 x 5 mm) were added with 900 ml of the 
medium. The flask was attached to a device for rotation4 and immersed 
into the water bath maintained at  37" at 165" angle against the horizontal 
axis. The flask rotation speed was 18 rpm. The medium was sampled 
continuously through steel tubing attached to the flask. 


Solubility Simulator: Method e-The thermostated (37") solubility 
chamber (100 ml), which contained 17Og of glass beads (8-mm diameter) 
and 100 ml of the medium, was rotated horizontally a t  1.2 rpm. A fixed 
sample volume was automatically removed from the chamber through 
a membrane filter a t  definite intervals. As the sample was taken, an 
identical fresh dissolution medium volume flowed into the chamber. The 
sampling volume and interval were set a t  2.5 ml and 2.5 min, respec- 
tively. 


Column: Method /-An ultrafiltration" cell with support screens6 on 
hoth ends was used. The membrane filter was not used because the 
high-speed upward flow of the medium caused the dispersed particles 
to clog the upper filter. Dissolution medium was circulated through the 
column a t  35 ml/min. The effluent was returned to a sink, which was 
stirred by the same procedure as in Method a. The total dissolution 
medium volume was 1 liter. 


Rate  Determination-Dissolution was determined for a single tablet 
in each procedure. Except in Method e, the dissolution medium was 
circulated through a flowcell (5-mm cell length) by a microtube pump' 
a t  3.0 ml/min, and the medium absorbance was determined spectro- 
photometrically a t  two wavelengths8. In Methods a and b, the sampling 
tubing, with a glass filter at  its end, was placed on the side and midheight 


L 


P i 


0 10 20 30 40 50 60 70 80 90 "i% 
MINUTES 


Figure I-Dissolution curups of I lablets determined by Method a 


4 Japan Servo Co., Tokyo, .Japan. 
M1111~ore xx 42 025 00. 


6 Millipore xx 30 025 10. 


8 Hitachi 156. 
Tokyo Rikakikei Ca.. 'rokyo. Japan 


Figure 2-Dissolution curues of I tablets determined by Method b,  


in the dissolution vessel. In Methods c and d, the filter was attached to 
the oscillating basket-rack bottom or to the round-bottom flask bottom 
and immersed into the medium. 


In all methods except Method e for I tablets, the asymptotic absorbance 
was used as the value of 100% dissolution. In Method e, the drug ab- 
sorbance in the medium removed from the chamber was determined and 
the cumulative amount dissolved was calculated. The asymptotic value 
was then substituted as the amount of 100% dissolution. 


The I tablet dissolution rates were represented by four parameters: 
lag time (TO),  TZO. T50, and TSO, where 7'20, T50, and Tm represent 20, 
50, and 80% dissolution times, respectively. In I1 tablets, the absolute 
dissolved I1 amount was determined; the dissolution rate constant 
(milligrams per minute) was obtained from the slope of the earlier straight 
line of the dissolution curve. In all experiments, the dissolution medium 
was simulated gastric fluid without enzymes (JP VIII). 


Disintegration and  Hardness Measurements-Disintegration 
measurements were carried out according to JP IX. Hardness was mea- 
sured by a hardness testerg. The disintegration time and hardness values 
reported are the average values of six tablets. 


RESULTS 


Dissolution Rate  Constant of Nondisintegrating I1 Tablets--The 
drug dissolution rate can be represented by the Noyes-Nernst equation 
(13): 


J = S K ( C ,  - C )  (Eq. 1) 


where J .  S, K, C,, and C represent the dissolution rate, surface area 
available to dissolution, dissolution rate constant, solubility, and drug 
concentration in the medium, respectively. According to the diffusion 
layer theory (14), the dissolution rate constant is a function o f  two pa- 
rameters: 


D 
h K = -  (Eq. 2) 


where D and h represent the diffusion coefficient and diffusion layer 
thickness, respectively. When C, >> C .  Eq. 3 is obtained from Eqs. 1 and 
2: 


J = - C C , = K d  (Eq. 3) 
DS 
h 


Thus, i f  the dissolution rate is measured under sink condition, the dis- 
solution process follows apparent zero-order kinetics. When the same 
nondisintegrating tablet is tested using different dissolution methods, 
the differences in Kd should reflect only variations in h as a function of 
the dissolution method because 13, S, and C,  are held constant. From 


2 
0 801 


- 
80 ,I100 ,I170 


Figure 3-Dissolufion cur tw of I tablets determined b.y Method c-1. 


Kiya Seisakusho, Tokyo, Japan. 
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Table 11-Correlation Coefficients between the  Dissolution Parameters  


Disintegration 
Parameter Time a b c-I c-I1 c-111 d e 


0.453 0.367 0.169 0.341 
0.573" 0.461 0.429 
0.372 0.198 0.197 
0.242 0.095 0.040 
0.415 0.265 0.507 
0.367 0.255 0.639" 
0.215 0.100 0.171 
0.096 0.050 0.006 


0.870" 0.796" 
0.911" 0.800" 
0.959" 0.558" 
0.972" 0.405 


0.826" 
0.652" 
0.439 
0.409 


0.407 
0.156 
0.217 
0.100 
0.628" 
0.738" 
0.617" 
0.326 
0.722" 
0.564" 
0.783" 
0.709" 
0.693" 
0.416 
0.705" 
0.694" 
0.823" 
0.841" 
0.598" 
0.681" 


0.584 
0.426 
0.457 
0.436 
0.563" 
0.850" 
0.900" 
0.835" 
0.863" 
0.583" 
0.341 
0.375 
0.756" 
0.375 
0.177 
0.323 
0.850" 
0.861" 
0.381 
0.325 
0.880" 
0.914" 
0.739" 
0.629" 


0.281 
0.345 
0.274 
0.229 
0.514 
0.711" 
0.652" 
0.594" 
0.872" 
0.702" 
0.325 
0.203 
0.905" 
0.539" 
0.148 
0.084 
0.878" 
0.840"' 
0.089 
0.002 
0.864" 
0.730" 
0.565" 
0.448 
0.832" 
0.780" 
0.674" 
0.637" 


0.330 
0.425 
0.436 
0.456 
0.578" 
0.678" 
0.680" 
0.607" 
0.686" 
0.582" 
0.421 
0.310 
0.606" 
0.542" 
0.382 
0.315 
0.685" 
0.749" 
0.312 
0.119 
0.776" 
0.663" 
0.562" 
0.332 
0.652" 
0.730" 
0.660" 
0.595" 
0.831" 
0.679" 
0.336 


11.1 0.208 


Significant ( p  < 0.05). 


these considerations. the zero-order dissolution rate constant emerges 
as the parameter reflecting the relative dissolution method agitation 
intensity. Table I shows the 11 dissolution rate constants. The relative 
values were normalized against the value obtained hy Method a. 


1 Tablet Dissolution--Figures 1-7 show the dissolution curves 
measured by Methods a-e. The curves were constructed by linking the 
four points used for further treatment: lag time, 1120, 7'50, and Tm. 


The I dissolution rates were compared pairwise. Correlation coefficients 
are reported in Table 11. Significant correlations ( p  < 0.05) for all four 
parameters were found for Method a Lwsus b and c-11, h uersus a,  c-I 
iwrsus c-11, c-I11 wrsus c-11, d and e. and disintegration time uersus c-I11 
and e. The I tahlet disintegration and hardness values are listed in Table 
111. 


Table 111-Disintegration Times and Hardness of 
Chloramohenicol Tablets 


Ilisintegration Time, Hardness, 
Tablet min ke 


A 
R 
c 
I> 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
S 
'I' 
IJ 


9.2 
4.4 


10.2 
4.2 
5 5  


16.9 
14.5 
5.9 
7.9 
2.5 


18.6 
19.2 
5.5 
9.7 


12.7 
7.8 


12.2 
7.9 


13.4 
7.8 
3.4 


9.9 
13.1 
5.9 


14.8 
10.6 
14.0 


> 20" 
11.1 


> 20 
5.8 


16.4 
16.6 
16.4 
16.0 


11.7 


13.9 


>20 


> 20 


>20 
>20 


10.7 


" More than 20 kg 


Interpretation of Lag Time-The dissolution lag time was the time 
required for the mechanical destruction of the coated tablet film. Thus, 
a shorter lag time represents a stronger destructive force. Significant 
correlations among the seven dissolution methods were observed re- 
garding lag time (Table 11). Except for the pairwise comparisons involving 
Method e, the least-squares regression lines passed through the origin. 
In these cases, the regression line slope obtained with lag time apparently 
reflected the relative destructive force intensity to the coated tablet film. 
Table IV shows the regression line slopes calculated for all combinations 
except those involving Method e. Thus, a slope of 1.64 for Method a 
uersus b indicated that Method b gave 1.64 times the destructive force 
of a. 


DISCUSSION 


Agitating Intensity-The K d  values from nondisintegrating tablets 
(Table I )  reasonably reflected the relative agitation intensities produced 
by the different dissolution methods. Method d had the lowest agitating 
intensity, and Method c-111 (in) had the highest among the methods 
tested. Methods c-111, d, and e gave relatively sharp signioidal dissolution 
curves for all tablets, while Methods a,  h, c-I, and c-11 gave sigmoidal 
curves with smaller slopes, especially after 50% dissolution. Although 
Method e produced the mildest intensity, it gave comparatively sharp 
dissolution curves (Fig. 6). This finding suggests that the agitating i n -  
tensity, as represented by the I1 dissolution rate from a nondisintegrating 
tablet, was not the rate-determining factor for disintegrating tablets. 


K 


, " 


1 


W / /  
10 20 30 40 50 60 


P 


- 
7 0  


MINUTES 


Figure 4-Dissolution curves o/ I tablets drtrrmined bv  Method 
P I I .  
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Figure 5-Dissolution Fiau re  6-Dissolution curves of I tablets Figure  7-Dissolution curves of I tablets 
curves of I tablets de- 
termined by Method 
c-III. 


determined by Method d .  


Because Method e used a rotating-vessel type reactor, “mound” forma- 
tion of particles was prevented in spite of mild agitating intensity. 


Tablets T and P showed very slow dissolution rates as determined by 
Methods a, b, c-I, and c-I1 but faster rates with Methods c-111, d, and e. 
The dispersing intensity was highly dependent on the stirring mode. 
Methods a, b. and c (the stirred-tank reaction type) could not prevent 
mound formation. On the other hand, the rotating-vessel devices, such 
as Methods d and e, generated high dispersing intensity in spite of low 
rotation speed, perhaps because of the unique stirring method. 


Destructive Intensity to Coated I Tablet  Films-The destructive 
intensity followed the descending order Method c-1113 c-I1 > d 3 c-I > 
b > a (Table IV). Method e was not included in the comparison because 
of the inaccuracy in the lag time determination due to discontinuous 
sampling. 


Correlation of 1 Tablet  Dissolution Rates-Correlations between 
hardness and dissolution rates with all four rate parameters (lag time, 
7‘20, Tm, and 7 ’ ~ )  were insignificant statistically (Table 11). Dissolution 
rate prediction from hardness is, therefore, impossible in this case. These 
results differ from those reported for other drugs (15, 16). 


The relation among the methods is schematically represented in 
Scheme I. In this scheme, any two methods having a significant correla- 
tion for a11 four rate parameters were connected with a solid line. The 
results suggested two conclusions: 


d 
disintegration time 


I \  I a-b 
e/c-*U, I‘ ’ I 


c -II-c -I 
Scheme I-Relation among the methods of dissolution 
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Figure 8-Schematic representation of the dissolution rates of four 
samples determined by Method f and other methods. 


determined by Method e.  


Table IV-Regression Line Slope Resulting from Pairwise 
Comparison of Lag Time Obtained with Different Dissolution 
Methods 


x-Axis 
y-Axis a b c-I c-I1 c-I11 d 


a 
b 
c-I 
c-I1 


1.0 1.64 2.50 4.55 3.70 2.00 
- 1.0 1.61 3.23 2.56 1.20 


1.0 1.49 2.13 1.32 
- 1.0 1.20 0.71 


- _  
_ _  


1.0 0.50 c-I11 
d 
Average relative intensity 1.0 1.56 2.33 4.01 4.40 2.40 


- _  - - 
1 .o - -  - - - 


1. Two different device types were distinguishable: stirred-tank re- 
actors and rotating-vessel reactors. Only Method c-111 correlated with 
both groups. 


2. Among similar devices, a significant correlation was not observed 
among all methods. Thus, dissolution methods are not interchangeable, 
even if  they belong to the same group. 


Dissolution Rates Using Method f-Method f was inadequate for 
disintegrating tablet evaluation due to filter clogging. T o  avoid this 
problem, experiments were carried out without the filter. The modified 
device was similar in nature to that used in Method a for well-dispersed 
tablets since most disintegrated particles were returned to the impel- 
ler-stirred vessel. For poorly dispersed tablets, however, the dissolution 
rate may be evaluated more accurately with Method f because the drug 
remained longer in the column. Thus, despite the clogging defect, Method 
f was used for selected dissolution tests. 


Figure 8 shows the dissolution rates of four I samples, I.e., the powder 
and three commercial tablets, as determined by different methods. 
Surprisingly, the powder took much longer to dissolve using Method f 
than with the other methods. This result might have occurred because 
of the small agitating intensity produced by Method f (Table I) or because 
the laminar flow produced much less dispersing ability than that achieved 
with turbulent flow in the other methods. The dissolution lag times ob- 
served with Method f were generally longer than those obtained with 
other methods. This finding suggests that the Method f destructive force 
to coated film was far less than that of other methods. These data indicate 
that Method f is suitable for testing the intrinsic dissolution rate of a 
nondisintegrating drug matrix because of its controlled hydrodynamic 
tlow but is unsuitable for evaluating the drug dissolution rate from dis- 
integrating tablets and capsules. 
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Abstract 0 The relationship hetween chloramphenicol (I) tablet bio- 
availability and in uitro dissolution rates was examined. The effect of 
solid food on the I tablet and powder bioavailability was also studied. Five 
tablets of I were selected for bioavailability testing on the basis of the 
dissolution rates of 18 I tablets (250 mg) determined by several methods. 
Compound I, 500 mg, was administered orally to five subjects, following 
overnight fasting, according to a crossover design. The bioavailability 
parameters were ohtained from urinary 1 excretion. Among the five for- 
mulations studied, only one tablet (F) showed significantly poorer bio- 
availahility. The dissolution rates a t  pH 1.2 did not give the same rank 
order as the bioavailability. The dissolution rate of Tablet F showed re- 
markable pH dependency. The dissolution rates a t  pH 4 showed good 
correlation with in civo bioavailability data. The bioavailability of I 
powder was not affected by solid food. Tablet F, which had poor bio- 
availability in the fasting Ytate, showed good bioavailability when ad- 
ministered just after the standard breakfast. 


Keyphrases o Chlorarnphenicol-various dosage forms, bioavailability 
correlated with dissolution rates 0 Bioavailability-chloramphenicol, 
various dosage forms, correlated with dissolution rates 0 Dissolution 
rates-chloramphenicol, various dosage forms, correlated with bio- 
availability 0 An tibacterials-chlorarnphenicol, various dosage forms, 
bioavailahility correlated with dissolution rates 


The dissolution rates of 21 chloramphenicol (I) tablets 
manufactured in Japan were reported previously (1). In 
this paper, the in uiuo bioavailability of selected I tablets 
was correlated with in uitro dissolution tests. The bio- 
availability of nine different I tablets available in Japan 
was determined previously by Watanabe et al .  (2,3), who 
showed significant correlation of in uiuo bioavailability 
with disintegration time and dissolution rate as measured 
by a disintegration apparatus' using water as the me- 
dium. 


The dissolution devices used in that study (beaker, ro- 
tating basket, oscillating basket, and disintegration' 
methods) all belonged to the stirred-tank reactor type (1). 
In uiuo-in uitro correlation with rotating-flask type dis- 
solution devices was not attempted. These investigators 
(2,3) also reported better correlation of in uitro dissolution 
rate and AUC (area under plasma level-time curve) fol- 
lowing oral a d ~ n i s t r a t i o n  of I tablets with water as the 


I Erweka. 


dissolution medium instead of the pH 1.2 solution rec- 
ommended in JP IX. Chloramphenicol dissolution in an 
unbuffered medium could have complicated the system 
since the pH value changed as the tablet dissolved. 


Comparative bioavailability studies of five I tablets are 
described in this report. These tablets were selected based 
on dissolution rates of 18 I tablets (250 mg) and I powder 
determined by seven methods (1). The  relationship be- 
tween in uiuo bioavailability and in uitro dissolution was 
examined. The  effect of food on the I bioavailability was 
also studied. 


EXPERIMENTAL 


Materials-The I tablets and powder were the same as those described 
previously (1). except for Tablets V and V' which were of the same brand 
but different lot numhers. 


In Vitro Studies-The methods and procedures for determining the 
dissolution rate were the same as those reported previously (1): beaker 
(a), rotating basket (b),  oscillating basket (c-I1 and c-111). rotating flask 
(d ) ,  solubility simulator (e)2, and column (f). The dissolution medium 
pH was controlled by a pH stat. No corrections were made for acidic 
dissolution media adjusted a t  pH 1.2. 


Bioavailability Studies-Six healthy adult male volunteers, 55-72 
kg and 29-49 years old, participated after being informed about the study 
and the drug. All subjects received no harhiturates or other enzyrne- 
inducing agents for 30 days before and for the duration of the studies. 
They also received no other medication or alcoholic beverages for 7 days 
before and for the duration of the studies. 


Slud,v I-The bioavailability of five I tablets was studied using a Latin 
square. Treatments were separated by 1 week. Subjects fasted for 10 hr 
prior to dosing and took two I tablets (total o f  SO0 mg) with 300 rnl o f  
water. They took 200 ml of water a t  2 hr and had lunch a t  4 hr after ad- 
ministration. Urine samples were collected a t  0,0.5, 1, 1.5,2,3,4,5,6,8,  
12,16,24, and 28 hr after dosing. The exact sampling times and the vol- 
ume were recorded. 


Study 11-The effect of solid food on Tablet F and I powder bio- 
availability was studied with four subjects using a Latin square. Tablet 
For I powder (500 mg) was taken either with 300 ml of water in the fasting 
state or immediately after a standard breakfast of 100 g of toast, 20 g of 
butter, 35 g of cucumber, 65 g of boiled egg, 200 ml of milk, and 100 ml 
of water. The urine collection procedure was the same as that for Study 
I. 


Study Ill-One subject participated in a study of the relationship 


Sartorius-Memhmnfilter CmbH, Gottingen. West Germany. 
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Abstract 0 A new in vitro dissolution test apparatus was designed and 
evaluated. Compressed tablets of drugs representing different solubility 
characteristics were tested at  various air pressures and compared to 
dissolution patterns of similar tablets by the Levy beaker and USP 
methods. Air pressure of 46 mm generally was suitable for determining 
the dissolution rates of tablets. This new dissolution tester possibly can 
be useful in determining drug release from solid dosage forms and cor- 
relating it with in vivo bioavailability because dissolution rate can be 
controlled easily with the adjustment of air pressure without complicated 
changes in the apparatus, there is no excessive settling of particles, and 
complete drug dissolution can be achieved with no clogging of the 
screen. 


Keyphrases Dissolution test apparatus-designed, evaluated with 
various drugs at  various air pressures, compared to other methods 
Apparatus, dissolution tesedesigned, evaluated with various drugs at  
various air pressures, compared to other methods 


Determination of in uitro dissolution rates is important 
in the design, evaluation, and quality control of solid 
dosage forms. The USP and NF dissolution tests suffer 
from a number of technical problems (1,2).  


Various other methods generally involve induced agi- 
tation. The Levy beaker method (3) is the most commonly 
used method and is generally recommended as a standard. 
Other reported methods (4-7) have the commonly en- 
countered problem of mound formation of particles at the 
bottom of the container due to poor particle dispersion. 
Mound formation may affect apparent dissolution char- 
acteristics (8). In this study, a better correlation was ob- 
served with a rotating flask that allowed good dispersion 
at low agitation. Another problem is the degree of agita- 
tion, which is usually greater than what the dosage form 
will encounter in the GI tract. 


The USP and NF methods also are subject to poor dis- 
persion. In these methods, the screen acts as an interfacial 
barrier at moderate stirring rates. In addition, the fine 
mesh screen is clogged by undissolved particles (9). 


An apparatus will be most suitable for in uitro testing 
of solid dosage forms if it achieves a thorough dispersion 
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of particles with minimum agitation, similar to the agita- 
tion in the GI tract. With these factors under consider- 
ation, an in uitro’ dissolution tester was designed and 
evaluated. 


EXPERIMENTAL 


Description of Apparatus-The apparatus (Figs. 1 and 2) consists 
of two cylindrical glass tubes: tube A, 28.4 cm long X 3.4 cm id.; and tube 
B, 29.4 cm high X 2.8 cm i.d. Tube B is connected to tube A at  the base 
and at a length of 17.3 cm by tubes with an identical diameter of 1.0 cm 
and a length of 4.7 cm. 


A stainless steel basket and an air tube are suspended in tube A. The 
bottom of the basket is approximately 15.7 cm from the bottom of tube 
A, and the air tube just protrudes from the stopper. 


The basket consists of a solid metal top with a small vent and is fitted 


Rubber Cup 


Rwcelain 
Stone I >  


40 \leth Screen 


Figure 1 -Dissolution tester. 
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Table I-Levels of Significance ( t  Values) of Dissolution Rates  of Piperazine Citrate  and  Isoniazid Tablets at Various Times with the 
New Tester at Various Air Pressures, the Levy Tester, and the  U S P  Dissolution Tester at p = 0.05 


Piperazine Citrate Tablets Isoniazid Tablets 
5 min 10min 20min 30 min 5 min 10min 20min 30min 40min 


Levy versus new tester 
a t  various air 
pressures 
40 mm Hg 
43 mm Hg 
46 mm Hg 
50 mm Hg 
55 mm Hg 


a t  various air 
pressures 
40 mm Hg 
43 m m  Hg 
46 mm Hg 
50 mm Hg 
55 mm Hg 


USP versus new tester 


USP uersus Levy tester 


2.8982 
2.0600" 
0.5891" 
3.3870 
4.7290 


4.9138 
5.7963 
8.6940 


11.5979 
12.4310 


2.6963 
1.57 16" 
0.4715" 
3.4576 
4.9785 


3.5336 
4.3974 
6.7307 
9.5923 


10.6009 


2.2218" 2.58888O 5.2981 4.2100 3.8107 3.4330 4.5120 
1.4132O 1.4258" 3.5750 3.8300 3.7600" 2.7791 3.7850 
0.4761" 0.3158" 1.4100" 0.8455" 1.8530" 1.01OOa 0.6740" 
- - 6.2040 4.2700 4.4131 5.6340 1.6752O 
- - 7.8131 5.976 4.738 5.988 2.0000 


3.3733 1.7978 2.6000 9.5890 10.7170 14.2012 14.0258 
4.1262 2.5678 4.3340 10.5890 12.1508 15.3370 15.4827 
6.0306 4.6922 13.5800 17.7680 21.1520 21.8700 23.8440 
- - 23.8791 23.4086 29.5544 28.0192 25.5271 
- - 29.2345 28.2037 29.7330 28.8143 26.1031 


8.7450 16.3810 17.4100 19.1720 22.1480 


Statistically not significant. 


to the basket with three spring clips. The basket is cylindrical and is made 
of stainless steel 40-mesh wire cloth, 3.66 cm high and 2.50 cm in diam- 
eter. 


A cylindrical porcelain stone protruding through a central circular hole 
in a circular piece of 40-mesh stainless steel screen inside a rubber cup 
is fixed a t  the bottom, supported by a stainless steel sleeve. An opening 
a t  the bottom of the rubber cup adjacent to the bottom of the porcelain 
stone is connected by 5.5-mm polyethylene tubing to an air pump through 
a mercury manometer. 


Dissolution Test Procedure-A 350-ml volume of 0.1 N HCI was the 
dissolution medium. One tablet was added to the basket, and the basket 
base was adjusted to a distance of 15.7 cm from the tester bottom. The 
dissolution tester was then immersed in a constant-temperature water 
bath maintained at  37'. 


The dissolution tester was connected to an air pump. The air flow was 
controlled with a mercury manometer. Tests were conducted a t  air 


Water Bath- 
Air  Pump 
L 


Poiyeihylcnc 'Tubing 
Figure 2-Dissolution test apparatus. 


5 10 20 30 
MINUTES 


Figure 3-Comparative dissolution rates of piperatine citrate tablets 
with the new dissolution tester at various air pressures, the Levy tester, 
and the USPdissolution tester. K e y : + i ~ ,  USPtester; -, 40 rnrn H g ;  .-, 
4 3  mm Hg; - - - 9  Levy tester; ..-.-9 46 rnm H g ;  0, 50 mm Hg; and A# 55 
rnrn Hg. 


pressures of 40,43,46,50, and 55 mm. The air pressure created circulation 
of liquid in the two tubes. 


Samples of 5 ml were withdrawn from tube B at specified intervals, and 
an equal volume of 0.1 N HCI was added after each withdrawal. Each 
sample was then filtered and assayed by a procedure specified for each 
drug. 


Twenty tablets each of commercial piperazine citrate and isoniazid 
and six tablets each of aspirin, phenobarbital, and sulfadiazine from 
various batches were tested. Aspirin (3) and phenobarbital (10) were 
assayed by the procedures reported previously. Isoniazid ( l l ) ,  piperazine 
citrate (121, and sulfadiazine (13) were assayed by the USP XVIII pro- 
cedures. 


For comparison, 20 representative tablets of isoniazid and piperazine 
citrate from the same batches were tested in the USP dissolution test 
apparatus. Similarly, isoniazid, piperazine citrate, aspirin, phenobarbital, 
and sulfadiazine were also tested by the Levy method (3), modified by 
using 350 ml of 0.1 N HCI as the dissolution medium instead of 250 ml. 
Samples of 5 mi were withdrawn a t  specified intervals, and equal volumes 
of 0.1 N HCI were added after each withdrawal. These samples were then 
assayed for drug concentration. 


RESULTS AND DISCUSSION 


The Levy beaker method has been recommended as a standard to 
compare other dissolution testers (14). This method also showed excellent 
in uitro -in uiuo correlation (15,16) and was used for comparison purposes 
previously (17, 18). 


,>.----- 
'_..> " -- . - - - - . 


I 
. - ,  0.15. 
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5 10 20 30 40 
MINUTES 


Figure 4-Cornparatiue dissolution rates of isoniazid tablets with the 
new dissolution tester at uarious air pressures, the Levy tester, and the 
IJSP dissolution tester. Key: -, USP tester; .-, 40 mm Hg; 0-0, 
43 rnm H g ;  - - - 9  Levy tester; 0 , 4 6  mm Hg; ...-.--, 50 mrn Hg:  and A, 55 
mrn Hg. 
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Table 11-Levels of Significance ( t  Values) of Dissolution Rates of Aspirin, Sulfadiazine, and  Phenobarbital  Tablets at Various Times 
with the New Tester at Various Air Pressures and  t h e  Levy Dissolution Tester at p = 0.05 


Air Pressure, 
mm Hg 


Product (New Tester) 5 min 10 min 20 min 30 min 55 min 75 min 


As irin 
grand I, Batch A 40 1.1 050" 1.5785" 3.6305 4.8932 - - 
Brand I, Batch A 43 0.9866" 0.9471" 2.5256" 4.1040 - - 
Hrand 1, Batch A 46 0.7893" 1. 1050" 1 .2628" 2.0677" - - 
Brand I, Ratch A 50 4.1438 4.2621 7.8925 7.4187 - - 
Brand I, Batch A 55 7.1037 7.2614 7.4189 7.8923 - - 
Brand I, Batch B 46 1.9930" 2.5573" 2.5700" 0.0159" - 
Brand 11, Batch A 46 0.959" 0.732" 1.079" 0.825" - - 
Brand 11, Batch €3 46 2.4850" 0.6485" 2.5600" 0.7279" - - 


Batch A 40 - 30.000 15.930 13.892 16.734 4.908 
Ratch A 43 - 4.349 5.693 0.999 12.939 5.317 
Batch A 46 - 5.480 3.424 6.410 5.899 5.310 
Batch A 50 - 0.813" 4.962 2.01 0" 2.617 1.694" 
Batch A 55 - 9.180 24.325 12.808 45.027 12.815 
Batch B 46 - 1.602" 6.788 4.737 2.292" 2.509" 


Batch A 40 8.776 8.667 4.840 4.840 - - 
Ratch A 43 3.112 2.360 4.469 4.469 - - 
Batch A 46 0.846" I .681 " 0.110" 0.110" - - 
Batch B 46 0.533" 2.434" 2.432" 2.432" - - 


- 


Sulfadiazine 


Phenobarbital 


a Statistically not significant. 


Isoniazid, piperazine citrate, aspirin, phenobarbital, and sulfadiazine 
tablets consisted of 50, 315, 324, 30, and 500 mg of active ingredients/ 
tablet, respectively. The dissolution rate studies with the new apparatus 
were conducted at 40,43,46,50, and 55 mm of air pressure. All air pres- 
sures were sufficient to induce uniform circulation of the liquid in the 
apparatus. The use of an air tube prevented air bubbles from collecting 
a t  the bottom of the stainless steel basket. Any air bubbles a t  the bottom 
of the tube immediately combined into a larger bubble and broke off 
without hindering the movement of solid particles. 


Although the circulation of fluid was not violent, it was sufficient a t  
all speeds not to allow settlement of any solid particles at the bottom of 


T 


2 0 .8 .  . r 


5 lo  20 30 
MINUTES 


Figure 5-Comparative dissolution rates of Brand I ,  Batch A aspirin 
tablets with the new dissolution rate tester. Key: --.---., 40 mm Hg; ---, 
43 mm Hg; HH , Levy tester; -., 46 mm Hg; - - -, 50 mm Hg; and -, 55 
mm Hg. 


2 
2 


0.6 - 7 


MINUTES 
Figure 6-Comparative dissolution rates of Brand 1, Batch B aspirin 
tablets with the Levy tester and the new dissolution rate tester. Key: 
A, Brand I ,  Batch B with new tester; -, Brand I ,  Batch A with new 
tester; Mn, Brand I. Batch A with the Levy tester; and - - - -, Brand I ,  
Batch B with the Levy tester. 


the two tubes of the dissolution tester, probably because of the continuous 
movement of particles and the pattern and path of flow of fluid. There 
was no clogging of the screen during the test, probably because of the 
circulation of the dissolution medium through the screen. 


Dissolution rates of 20 tablets from the same batch of isoniazid and 
piperazine citrate were determined. The dissolution rates of these tablets 
increased with the increase in air pressure. The results (Table I and Figs. 
3 and 4) indicate that, for both types of tablets, there was less significant 
difference in the dissolution rates in the new tester a t  46 mm and the Levy 
tester as compared to 40,43,50, and 55 mm of air pressure. Significant 
differences were observed between dissolution rates in the USP disso- 
lution tester and the new tester a t  all air pressures. Similar results were 
obtained for the dissolution in the Levy tester and the USP dissolution 
tester (Figs. 3 and 4 and Table I). 


The dissolution rates of Brand I, Batch A aspirin tablets were deter- 
mined in the new dissolution tester a t  air pressures of 40,43,46,50, and 
55 mm. The dissolution rate increased with the increase in the air pressure 
(Fig. 5). The results (Table I1 and Fig. 5) again indicate less significant 
difference in the dissolution rate of these aspirin tablets in the new tester 
at 46 mm and the Levy tester as compared to 40,43,50, and 55 mm of air 
pressure. Therefore, it seemed to be the most appropriate pressure and 
was used in further investigations of aspirin tablets. 


Batch B of Brand I aspirin tablets and Batches A and B of Brand I1 
aspirin tablets also were tested by the Levy tester and the new dissolution 
tester a t  46 mm of air pressure (Figs. 6 and 7, respectively). 


Similar studies were conducted on two batches each of one brand of 
sulfadiazine and phenobarbital tablets a t  various air pressures (Figs. 8 
and 9). Batch A sulfadiazine tablets were tested for dissolution with the 


5 1 0  20 30 
MINUTES 


Figure 7-Comparative dissolution rates of Brand I I ,  Batches A and 
Raspirin tablets with the Levy tester and the new dissolution rate tester. 
Key: -, Brand 11, Batch A with new tester; .-, Brand II, Batch B with 
new tester; - - -, Brand 11, Batch A with Levy tester; a n d H H ,  Brand 
I I ,  Batch R with the Levy tester. 
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Table 111-Levels of Sienificance f t  Values) of Dissolution Rates 


5 10 20 30 55 75 
MINUTES 


Figure U-Comparative dissolution rates of Batch A sulfadiazine 
tablets with the new dissolution rate tester. Key: ---, 40 m m  Hg; HH, 
43 m m  Hg; --, 46 m m  H g ;  - - -, 50 m m  Hg; and -I 55 m m  Hg. 


new tester at air pressures of 40,43,46,50, and 55 mm. Batch A pheno- 
barbital tablets were not tested at 50 and 55 mm because preliminary 
studies showed that the tablets went into solution within 5 min, which 
was less than their disintegration time. The dissolution rate increased 
with the increase in air pressure. Batch B sulfadiazine tablets were tested 
at 46 mm of air pressure. 


Similar tablets of sulfadiazine and phenobarbital were also tested with 
the Levy dissolution tester, and the results were compared statistically 
with the results obtained at various air pressures with the new dissolution 
tester. There was less significant difference between dissolution rates of 
sulfadiazine tablets with the Levy tester and the new dissolution tester 
at 50 mm of pressure as compared to other speeds (Table 11). On the other 
hand, there was a nonsignificant difference between the dissolution rates 
of phenobarbital tablets with the Levy tester and the new dissolution 
tester operated at 46 mm of air pressure (Table 11). 


The results of the dissolution rates of Batches A and B sulfadiazine 
and phenobarbital tablets with the Levy tester and the new dissolution 
tester at 46 mm are shown in Figs. 10-13. 


I- a 0.41 / ,, / / "  


E ,, 


~- 
5 10 20 30 


MINUTES 
Figure 9-Comparatiue dissolutron rates of Batch A phenobarbital 
tablets with the new dissolution rate tester. Key:HH, 40 m m  Hg; - - -, 
43 mmblg ,  and -, 46 m m  H g  


MINUTES 


Figure 10-Comparative dissolution rates of Batch A sulfadiazine 
tablets with the Leoy tester (- - - 1  and the new dissolution rate tester 
(-1. 


of Various Batches of Tablets at Various Times with the New 
Tester a t  46 mm of Air Pressure at p = 0.05 


Product 5min 10min 20min 30min 55min 75min 
As irin Brand I,  0.572" 1.1087" 0.8869" 0.1108" - - 


gatch A versus 
Brand I, Batch 
B 


Batch A versus 
Brand 11, Batch 
B 


A versus Batch 
B 


Aspirin Brand 11, 1.465" 0.800" 0.526" 0.395" - - 


Sulfadiazine Batch - 0.316" 1.517" 1.257" 0.765" 0.607" 


- Phenobarbital 0.667" 0.892" 0.8920 0.892" - 
Batch A versus 
Batch €3 


Statistically not significant. 


Further evaluation of the results by statistically comparing the dis- 
solution rates of two batches of the same brand, each with the Levy tester 
and with the new dissolution tester a t  46 mm of air pressure (Tables 111 
and IV), indicates a nonsignificant difference in the dissolution rates of 
the two different batches of the same brand when tested with the new 
tester and the Levy tester, except for sulfadiazine Batches A and B, where 
the difference was significant with the Levy tester. 


Groups of tablets of each product from the same batch were tested 
individually in the new tester, and the deviations (Figs. 3-13) indicate 
reproducibility of results within a batch. These results also indicate that 
this method appears to be as reproducible as the USP or Levy method. 
In addition, a batch-to-batch nonsignificant difference in the dissolution 
rates was observed. As shown in Table V, these batches had well-con- 
trolled physical properties such as hardness and disintegration time. 


An overall reevaluation of the results show that an air pressure of 46 
mm generally was suitable in correlating the dissolution rates of various 
tablets studied with the new tester with the results obtained with the Levy 


? o.8j 
P 


5 10 20 30 55 75 
MINUTES 


Figure 1 1-Comparative dissolution rates of  Batch R sulfadiazine 
tablets with the  Levy tester (- - -1 and the new dissolution rate tester 
(-1. 


1 


r - <  I - -  . - -  -7- 


5 10 20 30 
MINUTES 


Figure 12-Comparative dissolution rates of Batch A phenobarbital 
tablets with the  Levy tester (- - -) and the new dissolution rate tester 
(-). 
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Table IV-Levels of Significance ( t  Values) of Dissolution Rates 
of Various Batches of Tablets a t  Various Times with the Levy 
Tester at I, = 0.05 


Product 5min 10min 20min 30min 55min 75min 
As irin Brand I,  O.OOOo 0.OOO” 0.000” 0.2300Q - - 


Aspirin Brand 11, 1.2928” 1.3181O 1.593” 0.4486O - - 


l a tch  A ucrsus 
Brand I, Batch B 


Batch A versus 
Brand 11, Batch 
B 


A versus Batch B 
Sulfadiazine Batch - 4.903 3.531 10.804 61.118 4.302 


Phenobarbital 1.123” 1.189” 0.310” 0.310” - - 
Batch A versus 
Batch B 


Statistically not significant. 


tester. On the other hand, less significant differences in the dissolution 
rate of sulfadiazine tablets with the Levy tester and the new dissolution 
tester at 50 mm of pressure as compared to other pressures also indicate 
that other air pressures may be more suitable for some products with 
considerably different solubility characteristics. 


Poor agreement was observed in the dissolution rates of piperazine 
citrate and isoniazid tablets in the USP dissolution rate tester as com- 
pared to the new tester at all pressures and the Levy tester. For better 
correlation of dissolution rates in the new tester and the USP dissolution 
tester, other pressures and speeds may be suitable. A detailed study is 
being conducted. 


This new dissolution tester possibly can be useful in determining and 
correlating in vitro drug release from solid dosage forms with in uiuo 
bioavailability, because dissolution can be controlled easily with the 
adjustment of air pressure without complicated changes in the apparatus. 
Other advantages of this dissolution tester are that, in all systems studied, 
no excessive settling of solid particles was observed and a complete dis- 
solution of the drugs was achieved with no clogging of the screen. The 
possibility exists, however, that tablets with significantly different 
properties may produce contrary results. 


Detailed studies also are being conducted to compare in uitro disso- 


<---- 
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. -  
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5 10 20 30 
MINUTES 


Figure 13-Comparative dissolution rates of Batch B phenobarbital 
tablets with the Leoy tester (- - -) and the new dissolution rate tester 
(-1. 


Table V-Physical Properties of Various Commercial Tablets 
Used in the Dissolution Studies 


Hardness, kg stokes Disintegration Time, 
Product f SD sec f SD 


5.5 f 0.029 55.00 f 0.030 Piperazine citrate 
Isoniazid 4.1 f 0.004 31.90 f 0.008 


10.833 f 0.983 Aspirin Brand I, Batch 


Aspirin Brand I, Batch 11.416 f 0.4915 11.00 f 0.8944 


9.000 f 0.8944 As irin Brand 11, 


Aspirin Brand 11, 5.50 f 0.63’24 9.833 f 0.7527 


Sulfadiazine Batch A 5.333 f 0.408 283.000 f 25.976 
Sulfadiazine Batch B 8.166 f 0.605 280.66 f 25.64 
Phenobarbital Batch 4.083 f 0.204 387.50 f 27.522 


Phenobarbital Batch 4.10 f 0.252 396.00 f 24.23 


11.333 f 0.6054 
A 


B 


f;atch A 


Batch B 


5.00 * 0.5477 


A 


B 


lution of tablets in the new dissolution tester with in vivo availability of 
various drugs. 
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Abstract  0 A TLC method for the determination of biotin was devel- 
oped. The method is selective and sensitive and permits the determina- 
tion of biotin in the presence of all water-soluble vitamins as well as 
glycine, edetate sodium, and methylparaben. The main steps are: dis- 
solution of the lyophilized multivitamin preparation in water, addition 
of the internal standard, application on a thin-layer plate, separation from 
interfering components, visualization by spraying with 4-dimethylami- 
nocinnamaldehyde, and in situ determination by reflectance measure- 
ments. Spraying the plate with paraffin after the coloring procedure in- 
creases the sensitivity of the method. The coefficient of variation is 2.3% 
with 0.15 pg of biotin/spot. Quantities as low as 10 ng/spot can he deter- 
mined. 


Keyphrases Biotin-TLC analysis in lyophilized multivitamin 
preparation 0 TLC-analysis, biotin in lyophilized multivitamin prep- 
aration Vitamins-biotin, TLC analysis in lyophilized multivitamin 
preparation 


Microbiological methods generally are used to determine 
biotin in small amounts (1-9, but bioassays also have been 
used (6). The chemical and physicochemical methods are 
spectrophotometric assays based on the binding of a dye 
by avidin (7), oxidation with potassium iodate (8), or re- 
action with 4-dimethylaminocinnamaldehyde (9,101. GLC 
after silylation with bis(trimethylsily1)acetamide (1 1-14), 
polarography (15, 16), and isotope dilution (9, 17,18) also 
are used. 


None of the chemical and physicochemical methods was 
applicable to a lyophilized multivitamin preparation be- 
cause of a lack of sensitivity or interference from other 
components. However, the use of 4-dimethylaminocin- 
namaldehyde as a spray reagent for biotin after separation 
by TLC or paper chromatography has been proposed (9, 
19). This paper reports the conditions for in situ quanti- 
tation of biotin in a complex mixture after TLC separation 
and coloration with 4-dimethylaminocinnamaldehyde. 


EXPERIMENTAL 


Apparatus-A dual-wavelength chromatogram scanner] was used in 
the in situ reflection measurements. Sample and reference wavelengths 
were 530 and 400 nm, respectively. The scanning was performed in the 
rig-zag mode a t  10 mmlmin with a 1.25 X 1.25-mm slit. A two-channel* 
recorder, range 10-20 mv, also was used. 


Silica gel 60 precoated plates? (20 X 20 cm) were developed in a sealed 
chromatographic chamber, lined with filter paper to obtain a saturated 
atmosphere. A polytef-tipped 10-pl syringe4 and a home-made precision 
device were used to obtain reproducible spotting of the sample and 
standard solutions on the plates. 


The coloring reagent and paraffin solution were applied with all-glass 
sprayers. 


Substances and Reagents-The biotins (I)  standard solution con- 
tained 0.12 mg/ml of water, and the 2-irnidazolidone5 (11) internal stan- 


’ M d e l  CS-900. equipped with a background cnrrection unit (RCU-I), Shimadzu, 
‘I’nkyo, Japan. 


Servogor 320. Gnerz Rlectro G.m.h.H., Vienna, Austria. 
ti. Merck. Darmstndt, West Germany. 
Ilnimetrics Corp.. Anaheim, Calif. 
Fluka AC,., I h c h s ,  Switzerland. 


0 


I 


dard solution contained 0.15 mg/ml of water. The eluent was chloro- 
form3-methanol3-formic acid3 (70:402, v/v/v). 


The reagent spray solution contained a mixture of 0.1% (w/v) 4-di- 
methylaminocinnamaldehyde6 and 1% (v/v) sulfuric acid in ethanol. The 
paraffin spray solution contained 10% (v/v) liquid paraffin USP in 
chloroform3. 


Preparation of Sample and Standard Solutions-To separate 10ml 
volumetric flasks were transferred 1 .OO, 2.00,3.00, and 4.00 ml of biotin 
standard solution. Then 0.50 ml of internal standard solution was added 
to each flask, and the contents were diluted to the mark with water. 


To the sample bottle containing the lyophilized multivitamin powder, 
0.50 ml of internal standard solution and 9.50 ml of water were added. 
The bottle was shaken to dissolve the powder. 


TLC-Aliquots of 5 pl of sample and standard solutions were applied 
to the TLC plate, 2 cm from the lower edge, and the spots were dried 
carefully. The chromatogram was developed in a saturated atmosphere 
(saturation overnight), and the solvent front migrated 15 cm above the 
application line. 


After removal of the plate from the chamber, i t  was dried in a stream 
of cold air for about 6 min and then sprayed homogeneously with reagent 
solution until the spots appeared distinct red to red-violet. After the plate 
was again blown with a stream of cold air for about 5 min, it was sprayed 
homogeneously with paraffin solution until there was no visual increase 
in color intensity. (“Wet” layers were avoided.) Chloroform was removed 
from the plate with a stream of cold air. The chromatogram was scanned 


0 1 2 3 
HOURS 


Figure 1-Color deueloprnrnt after spraying with 4-dimethylamino- 
cinnamaldehyde The color intenaity uas mrasurad as the peak area 
at 5 3 0  nrn. K e y .  -, biotin, and - - -, 2-rmidazolidone. 


fi Sigma Chemical Cn.. St. I.nuis, Mo. 
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in the direction of the development 4 hr after spraying with paraffin so- 
lution. 


A standard graph was plotted with the peak area ratio of biotin to the 
internal standard as the ordinate against the total amount of biotin in 
the standard solutions. By using the peak area ratio of the sample, the 
amount of biotin in the sample bottle was obtained directly from this 
standard graph. 


RESULTS AND DISCUSSION 


Color Reaction-Biotin (I) and other cyclic ureido compounds react 
with 4-dimethylaminocinnamaldehyde in nonaqueous media (or on dry 
chromatograms) to form Schiff bases (9). This reaction is stereospecific 
and involves the less sterically hindered N1 of the ureido portion of biotin. 
The monocyclic ureide, 2-imidazolidone (II), used as an internal standard, 
is less hindered sterically and gives a more intense color than biotin. 


The composition of the lyophilized multivitamin preparation is given 
in Table I. A colorimetric determination of biotin with 4-dimethylami- 
nocinnamaldehyde added directly to the sample mixture, as described 
by Shimada et 01.  (91, failed because of interference from the other 
components. However, 4-dimethylaminocinnamaldehyde appeared to 
be an excellent reagent for visualization of biotin and 2-imidazolidone 
after separation from interfering components on silica gel thin-layer 
plates, where they were seen as red and red-violet spots, respectively. 
Attempts to perform the reaction before chromatography and subsequent 
separation of the products failed because of color instability and non- 
homogeneous spots. 


Figure 1 shows the color development of TLC spots after spraying with 
4-dimethylaminocinnamddehyde and paraffin. Maximum color intensity 
was reached after 20-25 min for biotin and after 5-10 min for 2-imida- 
zolidone. The relation between color intensities of equimolar amounts 


Table I-Composition of the  Lyophilized Multivitamin 
Preoaration 


Compound 


Thiamine mononitrate 
Riboflavin hosphate (sodium) 
NiacinamiL 
Pyridoxine hydrochloride 
Sodium pantothenate 
Sodium ascorbate 
Biotin 
Folic acid 
Cyanocobalamin 
GI cine 
Edl etate sodium 
Methvbaraben 


Milligrams per Flask 


1.24 
2.47 


2.43 
10 


11 
34 
0.3 
0.2 
0.002 


0.5 
0.5 


100 


Table 11-Quantitative Results from Repeated Determinations 
of a Lyophilized Vitamin Sample 


Number" Milligrams of Biotin Der Flask 


1 0.356 
2 0.339 
3 0.345 
4 0.350 
5 0.350 
6 0.335 
7 0.346 
8 0.354 
9 0.340 


10 0.332 
Mean 0.345 
cv, 96 2.3 
Recovery, %c 101 


a Different thin-layer plates. Mean of two sample spots per plate. Obtained 
by addition of biotin to a standard vitamin mixture (see Table I ) .  
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MICROGRAMS PER SPOT 
Figure 2-Standard graph of biotin after spraying with 4-dimethyl- 
aminocinnamaldehyde and liquid paraffin; Asample = 530 nm and 
Are/erence = 400 nm. Scanning was in the zig-zag mode. 


of 2-imidazolidone and biotin was about 32 .  The color faded with time 
but seemed to stabilize after about 3-4 hr. In fact, spots scanned after 
more than 24 hr showed about the same intensity as after 3 4  hr. Spraying 
with paraffin increased the color intensity measured a t  530 nm about 
three times and stabilized (prevented discoloration of) the back- 
ground. 


TLC Procedure-The atmosphere in the chromatographic chamher 
must be carefully saturated. I t  was convenient to saturate overnight. 
Incomplete saturation caused tailing (or a t  least asymmetrical) spots and 
incomplete separation between biotin and the internal standard. Fur- 
thermore, the composition of the eluent was critical for the separa- 
tion. 


The relative Ri (biotin to internal standard) was about 1.2, with the 
R f  values of biotin and internal standard being approximately 0.55 and 
0.45, respectively. Separation was somewhat reduced in the presence of 
the sample components because of a slight change in shape of the biotin 
spot. The addition of glycine (Table I) to the standard solutions did not 
affect the spot shape remarkably. Niacinamide migrated between biotin 
and the internal standard, and sodium pantothenate migrated closely 
above the biotin spot in the chromatogram. However, they did not in- 
terfere in the determinations since they did not react with 4-dimethyl- 
aminocinnamaldehyde. 
In Situ Quantitation-Quantitation was performed by scanning in 


the reflectance mode. Because of the differences in spot shape already 
mentioned, zig-zag scanning yielded the most accurate results (20). 
Measurements in the transmission mode increased the sensitivity by a 
factor of about two; but due to higher background disturbances, the re- 
flectance mode was chosen. 


The standard graph (Fig. 2) is slightly curved. The reason for this 
nonlinearity was discussed previously (20-22). 


The recovery of the method was determined by addition of a known 
amount of biotin to a standard vitamin mixture. The precision was cal- 
culated from repeated determinations of a sample solution. The results 
are presented in Table 11. Biotin was recovered completely and could be 
determined with good precision without interference from the other 
components. 
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Abst rac t  0 A rapid, sensitive, and specific determination of ketoprofen 
in human and animal deproteinized body fluids by reversed-phase 
high-pressure liquid chromatography is presented. The acid is detectable 
in amounts as  low as  0.1 pg/ml. Limits o f  error are in the range of f 5 . l ‘ %  
of the  sample mean. 


Keyphrases  Ketoprofen--high-pressure liquid chromatographic 
analysis in various body fluids High-pressure liquid chromatogra- 
phy-analysis, ketoprofen in various body fluids Anti-inflammatory 
agents --ketoprofen, high-pressure liquid chromatographic analysis in 
various body fluids 


A TLC procedure (1) for the determination of keto- 
profen, 2-(3-benzoylphenyl)propionic acid, in body fluids 
overcame most limitations of other procedures (2). The 
search for new methods to shorten the time required to 
perform analyses and to improve sensitivity led to the 
present high-pressure liquid chromatographic (HPLC) 
procedure. 


E X P E R I M E N T A L  


A p p a r a t u s  a n d  O p e r a t i n g  Conditions-- A high-pressure liquid 
chromatograph’ was equipped with two independent pumps, a re- 
versed-phase column’ (0.25 m X 4 mm),  a variahle wavelength spectro- 
photometer’ to monitor the column effluent, and a liquid chromatograph 
terminal‘‘ to  program chromatography conditions and record and inte- 
grate peak areas. Operating conditions were adjusted to give a mobile 
phase flow rate of 0.8 ml/min (operating resulting pressure 0 1  3’2.. 38 atm). 
‘The rolumn oven temperature was set  at 40’. The detector wavelength 
was 255 nm (for quantitative evaluation) o r  205 nm (for qualitative 


Hewlett-Packard 1084A. 
‘1 Hewlett-Packard RPH-799IHA. 
1 Hrwlett-I’ackard IO3OR. 
,a Hewlett-l’ackard i9850A. 


2 90.4 


4 90.3 


T a b l e  I-Recovery of Ketoprofen  Added to H u m a n  Plasma as 
C o m p a r e d  to Ketoprofen  Dissolved i n  P h o s p h a t e  B u f f e r  (255 nm) 


Ketoprofen 
Added, Relative Area Recovery, 
d m l  Buffer Plasma O h  


1 16.760 13.946 88.9 
16.500 13.685 
17.040 13.750 
15.500 
16.450 13.795 
:3:3.000 31.822 
:34..590 29.370 
3.5.670 ‘9.582 
3 L y g  :3‘2.10:1 
:1:1.998 :w.5 19 
68.700 64.428 
72.400 G:1.862 
7 1.500 G I  5 9 6  
71.100 B;i.844 
70.800 6:!.9:K< 


8 140.320 127.4:10 90.7 
139.570 1‘8.010 
139.870 1 27. I 00 


140.443 1’7.:3‘:1 
- 142.010 1’6.750 


evaluation of metabolites). 
R e a g e n t s  -Methanols for  HP1.C was used a s  received. Double-dis- 


tilled water was filtered through a 0.2-pm pore size mernhrane filter‘;. The 
mohile phase was douhle-distilled water -methanol (8kl.5). 


Prepara t ion  of Standards-Ketoprofen was dissolved in 96% ethanol 
or 0.15 M phosphate buffer a t  pH 8. Aliquots of ethanolic snlutions 
equivalent to  1 ,  2 ,4 ,  and 8 were placed in glass-stoppered centrifuge 
tuhes and  evaporated to  dryness under a gentle nitrogen stream. Then  
1 ml of untreated body fluid was added t o  each tube and mixed well. 


Merck. 
fi Sartiiriua type SM II307. 
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Abstract The effect of salicylic acid injection and infusion on the 
concentrations of free and total (sum of free and bound) unconjugated 
bilirubin in plasma was studied in hyperbilirubinemic rats. In vitro ad- 
dition of salicylic acid, S 3 0  mg/100 ml, to rat plasma containing bilirubin, 
12.7 mg/100 ml, caused a pronounced, salicylate concentration-dependent 
increase in the free bilirubin concentration. Normal rats were made hy- 
perbilirubinemic by continuous intravenous infusion of bilirubin; the 
concentrations of free and total unconjugated bilirubin in plasma, and 
of total unconjugated bilirubin in whole blood, were determined as a 
function of time. Rapid intravenous injection of salicylate caused a rapid 
and pronounced decrease of total bilirubin concentrations in plasma and 
whole blood but had no apparent effect on the concentration of free bi- 
lirubin in plasma. Similar effects were obtained with slow infusions of 
salicylate, except that total bilirubin concentrations decreased gradually. 
These observations are consistent with the theory that the clearance rate 
of bilirubin by the body is proportional to the concentration of free bili- 
rubin in plasma and that the steady-state concentration of free bilirubin 
depends only on the formation rate and intrinsic clearance of the pigment 
and is not affected by displacement of bilirubin from plasma protein 
binding sites. Occasional cases of acute apparent bilirubin intoxication 
were associated with unusually elevated concentrations of free bilirubin, 
reflecting a decreased intrinsic metabolic clearance of the pigment. 


Keyphrases Salicylic acid-effect on pharmacokinetics of free and 
total bilirubin in hyperbilirubinemic rats 0 Bilirubin, free and total- 
pharmacokinetics, effect of salicylic acid in hyperbilirubinemic rats 0 
Pharmacokinetics-free and total bilirubin, effect of salicylic acid in 
hyperbilirubinemic rats 


~ 


The increased incidence of kernicterus and fatalities in 
premature infants treated with sulfisoxazole (1,2) dem- 
onstrated the hazards of administering to hyperbilirubi- 
nemic neonates drugs that can displace the potentially 
neurotoxic heme pigment bilirubin from plasma protein 
binding sites. Studies in humans and animals (3-8) showed 
that drugs such as sulfisoxazole and salicylate, which dis- 
place bilirubin from plasma albumin, cause a redistribu- 
tion of the pigment from plasma to extravascular tissues, 
including the brain. The concentration of free, diffusible 
(rather than total) bilirubin in plasma is, therefore, con- 
sidered to be a key determinant of kernicterus in hyper- 


bilirubinemic neonates (9). Many drugs displace bilirubin 
from binding sites on plasma albumin. 


The displacement of bilirubin from albumin by a drug 
results in a permanent (disregarding stability consider- 
ations) increase in the concentration of free bilirubin in a 
closed in uitro system and may be thought to have a similar 
effect in uivo. However, according to recently developed 
pharmacokinetic theory (10, l l )  and pwliminary experi- 
mental data (12), such an increase should not occur. There 
is increasing evidence that the metabolic clearance rate of 
partly plasma protein-bound substances is proportional 
to their free (rather than total) concentration in plasma'. 
Under these conditions: 


total clearance = intrinsic clearance X free fraction (Eq. 1) 


where the intrinsic clearance is a measure of the activity 
of the enzym,e system(s) responsible for the rate-deter- 
mining step in the biotransformation process(es) and the 
free fraction is the ratio of free to total concentration of the 
substance in plasma. 


According to Eq. 1, a plot of total clearance uersus free 
fraction should be linear and go through the origin. This 
result has, in fact;been demonstrated in animals and hu- 
mans for several extensively plasma protein-bound drugs 
(11, 14). This relationship also applies to bilirubin (121, 
indicating that the metabolic clearance rate of bilirubin 
is proportional to the concentration of free bilirubin in 
plasma. 


The steady-state (plateau) concentration of total bili- 
rubin in plasma, C,, is determined by the formation rate, 
R, and the total clearance of the pigment: 


C, =,,R/total clearance (Eq. 2) 


' Exceptions are those few (but clinically im ortant) drugs and endogenous 
compounds whose elimination rate is limited by Blood flow rnte (13) or metabolic 
capacity. 
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The steady-state concentration of free bilirubin in plasma, 
C,,, is determined by the formation rate and the intrinsic 
clearance of the pigment: 


C,, = Rlintrinsic clearance (Eq. 3) 


Equation 3 is obtained by substituting Eq. 1 into Eq. 2. 
Since total clearance is affected by changes in protein 
binding while intrinsic clearance is not so affected, a de- 
crease in the plasma protein binding of bilirubin should 
decrease the steady-state concentration of total bilirubin 
but should have no effect on the steady-state concentration 
of free bilirubin in plasma. Administration of a drug that  
displaces bilirubin from plasma albumin should result in 
only a temporary perturbation of the steady-state situation 
until the “excess” bilirubin has been cleared by the body, 
unless that  drug also modifies the intrinsic clearance (for 
example, by enzyme induction or inhibition) or the for- 
mation rate of bilirubin. 


In the present study, this hypothesis was tested by de- 
termining the effects of a rapid injection and a slow infu- 
sion of salicylate on the concentrations of free and total 
bilirubin in the plasma and total bilirubin in whole blood 
of rats made hyperbilirubinemic by a continuous intra- 
venous infusion of bilirubin. Contrary to common practice, 
the plasma concentrations of drug and bilirubin were 
maintained in a clinically realistic range (drug to albumin 
and bilirubin to albumin molar concentration ratios less 
than unity), and the concentration of free bilirubin was 
determined in undiluted plasma. 


EXPERIMENTAL 


Male Sprague-Dawley rats2, 01M50 g, were maintained on a standard 
diet]. Two days before an experiment, a silicone ruhber-polyethylene 
cannula was placed permanently in the right jugular vein to facilitate 


2 Blue Spruce Farms, Altarnount, N.Y 
3 Charles River Formula 4RF 
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F i g u r e  2-Time course of total bil irubin (0) and free bil irubin (0 )  
concentrations i n  the plasma of a rat infused with bilirubin at a rate of 
0.80 mglkglmin for 15 min and then at a rate of 0.32 rnglkglmin. The 
arrow indicates the time of injection of 0..5 ml of 1.8(’, NaC‘l. (Note the 
use of more than one scale i n  this and some of the following figures.) 


intravenous infusion, injection, and frequent withdrawal of blood samples 
(1 , i .  16). 


On the day of  an experiment, a solution of bilirubin and sodium tau-  
rocholate (1:l . l  weight ratio in 0.7% sodium chloride adjusted to p H  7.4) 
was infused a t  a rate equivalent to 0.8 mg of  bilirubinlkglmin (3.2 mll  
hr l ra t )  for 15 min and then a t  0.32 mg of bilirubinlkglmin for 105 min. 
Three rats then received an intravenous injection of salicylic acid, 67 
mglkg, as  sodium salicylate in 0.5 ml of  water, and the infusion was 
continued for 120 min with bilirubin, 0.32 mglkglmin, and salicylic acid, 
0.148 mglkglrnin. Three other ra ts  received the same bilirubin infusion 
regimen for the  first 2 hr, followed by a n  infusion of salicylic acid, 0.6 
mghglmin, and bilirubin, 032 mg/kg/min, for the next 2 hr. Another four 
rats received both injection and infusion of salicylate in separate crossover 
experiments, about  2 weeks apart .  


Additional ra ts  served a s  controls and received bilirubin infusion but  
no salicylic acid. Some of the  control rats received an intravenous injec- 
tion of 0.5 rnl of 1.8%x,odium chloride (approximately the same tonicity 
as  the s tdium salicylate injection solution) a t  2 hr. All infusion equipment, 
including syringes and cannulas, was covered with aluminum foil to 
protect bilirubin from light. 


L 
0 c--i--; 


1 2 3 4 
HOURS 


Figure  3-Time course of awrage total bilirubin (O), free bilirubin (a), 
and salicylic acid (0 ) concentralions in plasma of four rats infused with 
bilirubin, 0.8 mglkglmin, for 15 min and then at a rate of 0.32 mglkglmin 
un f i l  the end of fhe experiment The arrow indicates the time of injec- 
t ion of salicylic acid, 67 mglkg. iithich was fo1loii:ed by an infusion of 
0.148 mglkglmin.  


2 I Journal of Pharmaceutical Sciences 
* Vol. 68, No. 1, January 1979 







Table I-Effect of Salicylic Acid Injection o r  Infusion on Total  and  Free Unconjugated Bilirubin and  Salicylic Acid Concentrations in 
Plasma of Rats with Experimental Unconjugated Hyperbilirubinernia 


Salicylic Acid Injection Salicylic Acid Infusion 
Total Bilirubin Free Bilirubin Salicylic Acid Total Bilirubin Free Bilirubin Salicylic Acid 


Concentration, mg/ Concentration, pgl Concentration, mgl Concentration, mgl Concentration, g/ Concentration, mgl 
Hours 100 ml 100 ml 100 ml 100 ml ,100 ml 100 ml 


~ 


1 .o 4.88 f 0.48" 3.96 f 0.99 0 5.07 f 0.90 3.78 f 0.96 
1.5 4.93 f 0.77 4.12 f 1.33 0 5.22 f 0.94 3.70 f 1.16 


3.82 f 0.95 2.0b 5.30 f 0.66 4.13 f 1.27 0 
2.08 1.87 f 0.69 4.44 f 1.05 24.8 f 2.2 - 5.19 f 0.90 


C c - 


0 
0 
0 


C - 
2.25 2.37 I0 .70  4.21 f 1.38 22.2 f 1.8 4.41 f 0.89 4.17 f 1.28 6.46 f 1.51 
2.5 2.86 f 0.77 4.45 f 1.64 21.1 f 1.55 3.65 f 0.83 3.91 f 1.20 10.1 1.1 
3.0 2.89 f 0.39 4.26 f 1.52 21.0 f 1.2 3.15 f 0.71 4.31 f 1.37 14.3 f 1.0 
4.0 2.81 f 0.57 4.24 f 1.33 20.8 f 0.8 2.47 f 0.78 4.08 f 1.63 20.6 f 1.5 


All data are means f SD. n = 7. Pour of the seven rats in each group were used in crossover experiments. Time of salicylate injection. Blood sample was not obtained 
at this time. 


Heparinized blood samples (0.6 ml) were collected a t  1, 1.5, and 2 hr 
and then again 15,30,60, and 120 min after the salicylate injection or the 
star t  of the salicylate infusion. An additional blood sample was obtained 
5 min after the salicylate injection. Plasma was separated by centrifu- 
gation and analyzed for free (17) and total unconjugated bilirubin (18) 
and for salicylic acid (19). In some cases, the erythrocytes were lysed by 
freezing, thawing, and addition of 1 mi of 6% ascorbic acid in 0.2 M 
phosphate buffer, pH 8.2, to 0.1 ml of erythrocytes. This solution was 
analyzed for total unconjugated bilirubin (18). 


Considerable care was taken to obtain "mainstream" blood samples 
uncontaminated by the bilirubin infusion solution. The infusion pump 
was disconnected from the indwelling intravenous cannula, and the 
cannula was flushed with 0.1-0.2 ml of normal saline solution containing 
heparin, 20 unitslml (volume sufficient to fill the cannula without en- 
tering the bloodstream), using a syringe attached to the cannula with a 
three-way stopcock. The saline solution was then drawn back into the 
syringe, thereby filling the catheter with blood. About 0.5 rnl of blotd was 
then drawn into a second syringe, the blood sample of0.6 ml was drawn 
into a third syringe, and the 0.5 ml of blood from the second syringe was 
reinjected and followed by about 0.14.2 ml of heparinized normal saline 
solution to empty the cannula of blood. The bilirubin infusion was then 
resumed. The entire procedure required about 1 min. 


The concentration of free bilirubin was determined in undiluted 
plasma by measuring the rate of the peroxidase-catalyzed degradation 
of bilirubin by peroxide. A 0.1-ml aliquot of 0.1 M phosphate buffer, pH 
7.4, containing 0.01 M edetate disodium was evaporated to dryness in 
a 10-ml centrifuge tube. Plasma, 0.1 ml, was added, and the dried buffer 
was dissolved in it by vortexing. Then 10 p1 of peroxidase solution (8 
purpurogallin units of horseradish peroxidase4/ml of 0.1 M phosphate 
buffer, pH 7.4) was added. The reaction was started by adding 5 pl o f  
peroxide solution (0.2% ethyl hydrogen peroxide in 0.1 M phosphate 
buffer, pH 7.4) and stopped after 1-2 min by addition of 1 ml of 696 
ascorbic acid in 0.2 M phosphate buffer, pH 8.2. The entire reaction was 
carried out in a water bath a t  37". 


The concentration of total unconjugated bilirubin before and after the 
reaction was determined spectrophotometrically after chloroform ex- 
traction (IS), using a bilirubin control5 as the standard. In uit ro studies 
of bilirubin binding in plasma were carried out in the same manner, ex- 
cept that about 25 p1 of bilirubin solution (crystalline bilirubin6 dissolved 
in water with the aid of a few drops of 2 M NaOH) was added to 1 ml of 
pooled plasma from several rats to obtain the desired bilirubin concen- 
tration, and salicylate was added as 5 pl o f  an aqueous solutionl100 p1 of 
plasma. 


RESULTS 


Bilirubin added in uitro to pooled rat plasma in concentrations of 6.4 
and 12.7 mg/100 ml was 99.935 and 99.925% bound, respectively, to 
plasma proteins. Salicylic acid decreased the protein binding of bilirubin 
in a concentration-dependent manner (Fig. 1). A t  a concentration of DO 
mg/100 ml, salicylic acid decreased bilirubin binding to 99.794 and 
99.721%, respectively. These changes are equal to 3.2- and 3.7-fold in- 
creases in the free fraction of bilirubin in plasma containing 6.4 and 12.7 
mg of bilirubinl100 ml, respectively. 


The bilirubin infusion schedule resulted in an average plasma con- 


4 Sigma type I. 
5 Dade Division. American Hospital Supply Corp., Miami, Fla. 
6 Sigma. 


centration of total bilirubin of about 5 mgl100 ml, which, with three ex- 
ceptions that are not included in the tabulation for reasons explained 
subsequently, remained constant in any one animal for the duration of 
the experiment (Fig. 2) or until salicylate was administered (Table I). The 
total bilirubin concentration in plasma decreased rapidly and substan- 
tially with salicylate injection and then increased slightly to a new plateau 
(lower than preinjection) as salicylate concentrations declined to a steady 
state (Fig. 3 and Table I). Salicylate concentrations were a t  a maximum 
immediately after injection, with a subsequent distribution phase, and 
then approached a plateau due to continuing infusion of the drug. Despite 
the significant changes in the concentrations of salicylate and total bili- 
rubin, the free bilirubin concentration remained essentially constant 
throughout the experiment. 


Slow infusion of salicylate over 2 hr resulted in a gradual decrease in 
the total bilirubin concentration, but the concentration of free bilirubin 
again remained essentially constant at  all times (Fig. 4 and Table I). Both 
methods of salicylate administration were designed to, and did, produce 
about the same drug concentration in plasma a t  4 hr, but the injection 
lowered the total bilirubin concentration by a maximum of 65% while the 
infusion caused a maximum decrease of 52% on the average (Table I). 
This difference was due to the higher salicylate concentration immedi- 
ately after drug injection (i .e.,  the predistributive concentration maxi- 
mum) since the relationship between salicylate and total bilirubin con- 
centrations in plasma was the same with both modes of salicylate ad- 
ministration (Fig. 5). 


The rapid decrease of total bilirubin concentrations in plasma following 
injection of salicylate was accompanied by a significant increase in the 
concentration of bilirubin in erythrocytes (Table 11). However, the bili- 
rubin concentration in whole blood decreased (Fig. 6), indicating that 
some bilirubin was redistributed from blood to extravascular tissues. The 
elevated bilirubin concentration in the erythrocytes persisted for the 
duration of the experiment, suggesting that diffusion of the pigment out 
of the erythrocytes is very slow, perhaps due to precipitation of bilirubin 
in these cells. 


Three rats (one injection control, one receiving salicylate injection, and 
one receiving salicylate infusion) developed signs of bilirubin intoxication 
and were excluded from the results summarized in Table I. A t  about the 
3rd hr  of bilirubin infusion, the skin of these animals became noticeably 
yellow, their breathing slowed, and they became prostrate. The time 
course of bilirubin concentrations in the plasma of one of these animals 
is shown in Fig. 7. Total and free plasma bilirubin concentrations in- 
creased substantially and continuously after the sodium chloride (control) 


Table  11-Effect of Salicylic Acid Injection on Total  
Unconjugated Bilirubin Concentration in Erythrocytes of Rats  
with Experimental Unconjugated Hyperbilirubinemia 


Bilirubin Concentration", 
Hours mall00 ml 


1 .o 
1.5 
2.0* 
2.08 


0.57 f 0.24 
0.58 f 0.21 
0.61 f 0.18 
1.55 f 0.83' 


2.25 1.84 f 0.65' 
2.5 1.90 f 0.60'' 
3.0 2.08 f 0.63" 
4.0 1.87 f 0.55' 


Mean f SD. n = 4. 6 Time of salicylate injection. L- Significantly dillerent from 
conlrol period ( p  < 0.02). 
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F i g u r e  4--E//ect  o/.salicylic acid in/usion (0.6 mglkg lmin ,  starting at 
the time shown by the. arroic,) on acleroge / w e  and total bilirubin con- 
centrations in pla.\nia o//our rots. Bilirubin infusion rote and symbols 
are as in Fig 3. Note thc similarity o/prrsalicylic acid bilirubin con- 
centrations in thr salicylic acid inlusion ((his ligure) and injection 
experiments (Fig. 3 ) ,  uihich iivre carried out on thr  same animals in a 
crossouer study. 


injection. The  concentration of free bilirubin increased relatively more 
than the concentration of total pigment, indicating a decrease in the 
protein binding of bilirubin. 


This  decrease is more readily apparent  in Fig. 8, which shows the free 
fraction values a s  a function of total bilirubin concentration in pooled 
plasma from four normal rats and in plasma of the sick rat. T h e  free 
fraction values of bilirubin in the intoxicated rat were normal for the first 
150 min of the experiment (during which the animal appeared healthy) 
but then rose substantially above normal as  the animal began to  show 
signs of  intoxication. 


A different picture was apparent in another rat with signs of bilirubin 
intoxication. The  free and total bilirubin concentrations in the plasma 
of that  animal, which received a sodium salicylate injection a t  2 hr, re- 
mained relatively constant over 3 hr while the skin of the animal became 
increasingly yellow. However, the concentration of free bilirubin and the 
free fraction value of bilirubin were about  five times higher than in the 
normal animals. T h e  albumin and total protein concentrations in the 
plasma of this intoxicated animal were only 2.24 and 6.75 g/100 ml, re- 
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F i g u r e  6-The same rxperimunt a.s in Fig. 3, excrpt that open circles 
represent aiwrage total bilirubin concentrations in  whole blood rather 
than in plasma. A similar but more gradual drcrrasu o/total  bilirubin 
concentrations in whole blood nas  ohsercvd iuhen saiicytatr u:as ad- 
ministered by sloul inlusion without initial rapid injection. 


spectively, compared to an average of 3.75 and 7.96 gl100 ml, respectively, 
in 42 normal animals from the same source (20). 


DISCUSSION 


Salicylate, in therapeutically realistic concentrations, had a pronounced 
displacing effect on protein-bound bilirubin in undiluted rat plasma. The 
bilirubin concentrations were in the  range encountered in jaundiced 
neonates and did not exceed the  capacity of the strong binding sites of 
albumin in plasma. 
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Figure 8-Free fraction of bilirubin as a function of total bilirubin 
concentration in pooled plasma from four rats (0 )  and in plasma of the 
sick rat described in Fig. 7 (0). The open circle iohh bars represents the 
mean value f 1 SD of the first six pairs of  data points in Fig. 7.  


Rapid intravenous injection of salicylate to rats made hyperbilirubi- 
nemic by a constant infusion of bilirubin caused a rapid and pronounced 
decrease of plasma total bilirubin Concentrations and a concomitant in- 
creme of bilirubin in the erythrocytes. This redistribution of bilirubin 
was not limited to the blood since the total bilirubin concentration in 
blood decreased. Thus, salicylate caused a transfer of bilirubin to ex- 
travascular sites as observed previously (6). 


Administration of salicylate by slow infusion caused a much more 
gradual decrease of total bilirubin concentrations in plasma. More im- 
portant, the maximum average decrease of the total bilirubin concen- 
tration in plasma (52%) was somewhat less pronounced than that after 
salicylate injection and occurred a t  the end of the experiment when the 
salicylate concentration had increased to about 20 mg/100 ml. When the 
same salicylate concentration was approached from “above,” i.e., by rapid 
injection followed by a maintenance infusion, the total bilirubin con- 
centration in plasma was temporarily decreased by a maximum of 65% 
on the average. This difference should be even more pronounced with 
bilirubin-displacing drugs that have a larger distribution phase (as re- 
flected by the difference between the concentration of drug in plasma 
immediately after rapid injection and the intercept on the concentration 
axis a t  zero time obtained by back-extrapolation of the terminal semi- 
logarithmic concentration decay curve). 


Administration of salicylate to neonatal guinea pigs while they were 
infused with bilirubin a t  a constant rate decreased total bilirubin con- 
centrations in serum and increased bilirubin in the brain (6). In view of 
this reciprocal relationship, it is possible (but has not yet been demon- 
strated experimentally) that the magnitude of redistribution of bilirubin 
from plasma to the brain caused by displacement of bilirubin from plasma 
protein binding sites by a drug can be reduced by administering that drug 
slowly so as to prevent the predistributive drug concentration peaks as- 
sociated with rapid intravenous injection. As stated previously (21) in 
a different context: “Since the equilibrium of bilirubin between tissue 
and albumin occurs very rapidly, kernicterus may develop from bilirubin 
displaced during transient high serum concentrations of a competing drug 
attained by rapid infusion. As the drug is cleared, binding will revert to 
normal (the perfect crime).” 


The results of this investigation are in agreement with the predictions 
based on the theoretical pharmacokinetic considerations presented in 
the introductory paragraphs. A decrease in plasma protein binding of 
bilirubin caused by administration of a displacing agent decreased the 
plasma concentration of total bilirubin but had no effect on the steady- 
state concentration of free bilirubin. The redistribution of the pigment 
following salicylate injection was so rapid that no increase in the con- 
centration of free bilirubin in plasma was apparent 5 min after injection. 
However, such temporary elevations of free bilirubin concentrations in 
plasma were observed shortly after rapid injection of another displacing 
agent, sulfisoxazole (22). 


Since the concentration of bilirubin in extravascular tissues, including 
the brain, is apparently a function of the free concentration in plasma, 


a decrease in plasma protein binding per se (i.e., without concomitant 
change in tissue binding) should have no effect on the steady-state 
concentration of total bilirubin in the tissues. However, the return to 
tissue steady-state conditions may be quite slow. This investigation 
showed that elevated bilirubin concentrations in erythrocytes persisted 
for a t  least 2 hr (Table 11). Bilirubin concentrations in the brain of Gunn 
rats were elevated 2 hr after sulfadimethoxine administration (23). This 
persistence of bilirubin in tissues may be due, a t  least in part, to precip- 
itation of the pigment and slow dissolution of the crystalline precipitate. 
Crystals of bilirubin were observed in the brain, kidneys, bone marrow, 
cerebrospinal fluid, and blood cells of hyperbilirubinemic infants (24, 
25). 


While the steady-state concentration of free bilirubin in plasma is not 
affected by protein binding, it should be increased if the rate of formation 
of bilirubin increases and/or if the intrinsic metabolic clearance of bili- 
rubin decreases (Eq. 3). Such an increase in the plasma concentration 
of free bilirubin was observed in three animals during this investigation 
and was associated with typical signs and symptoms of acute bilirubin 
intoxication. Thus, in one rat that received bilirubin infusion but nosa- 
licylate, the concentration of free bilirubin rose after 3 hr from about 5 
to about 19 pg/100 ml (Fig. 7). In addition, the protein binding of bilirubin 
decreased significantly (Fig. 8) relative to that in plasma of healthy ani- 
mals. Both of these perturbations are consistent with impairment of 
hepatic function. The rise in the free biliruhin concentration could have 
been the result of decreased intrinsic metabolic clearance of the pigment 
while the diminished protein binding may have been due to an increase 
in the concentration of endogenous substances in plasma that are capable 
of displacing bilirubin from protein binding sites and are rapidly cleared 
by the normal liver. 


Another case of acute bilirubin intoxication was observed in a rat 
subsequently found to be hypoalbuminemic. Had the intrinsic bilirubin 
clearance by the liver been normal, then the steady-state plasma con- 
centration of total bilirubin in this animal would have been below normal 
but the concentration of free bilirubin in plasma should have been in the 
normal range. In fact, the total plasma bilirubin concentration was not 
decreased and the free bilirubin concentration in plasma was substan- 
tially above normal throughout the experiment, suggesting that this 
animal had impaired liver function from the beginning of the experiment. 
The hypoalbuminemia is consistent with this conclusion. 


Diamond and Schmid (6). in their classic paper on experimental bili- 
rubin encephalopathy, stated that the most significant limitation of the 
study was their inability to estimate directly the unbound plasma bili- 
rubin fraction available for transfer into the brain. With the use of re- 
cently developed experimental methodology for determining free bili- 
rubin concentrations in undiluted plasma (17), this limitation was 
overcome. The results emphasize the need for monitoring free rather than 
total unconjugated bilirubin concentrations in the plasma of newborn 
infants since the total bilirubin concentration may be decreased by en- 
dogenous or exogenous (drug or drug metabolite) displacing agents or 
by hypoalbuminemia. 


A potentially serious problem may be the “hit-and-run” nature of bi- 
lirubin-displacing agents. For example, administration of a single dose 
of a bilirubin-displacing drug to a jaundiced patient may cause a pro- 
nounced shift of the heme pigment from plasma to extravascular sites, 
including the brain. If such a drug has a very short half-life or if it is in- 
jected intravenously and has a pronounced distribution phase, blood 
samples obtained even a relatively short time after drug administration 
may show normal rather than elevated bilirubin free fraction values in 
plasma. However, this “perfect crime” dtxs leave a clue, namely, the more 
persistent elevation of biliruhin concentrations in erythrocytes. I t  will 
be important to determine how long these elevations persist, if they occur 
following administration of drugs other than salicylate, and if monitoring 
of bilirubin concentrations not only in plasma but also in erythrocytes 
can be of clinical diagnostic value. 
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Abstract o The effect of sulfisoxazole on the time course of free (un- 
hound) bilirubin concentrations in plasma was studied. Normal adult 
rats were made hyperbilirubinemic by continuous intravenous infusion 
of bilirubin. Sulfisoxazole was administered by either rapid intravenous 
injection or slow intravenous infusion, and the plasma concentrations 
of free and total (free plus bound) unconjugated bilirubin were deter- 
mined as a function of time. Rapid injection of sulfisoxazole caused a 
rapid and pronounced decrease of total bilirubin concentrations in plasma 
but had only a transient effect on the concentration of free bilirubin. Slow 
infusion of sulfisoxazole caused a gradual and eventually pronounced 
decrease of total bilirubin concentrations in plasma but had no apparent 
effect on the concentration of free bilirubin a t  any time. These results 
are consistent with recently developed pharmacokinetic theory according 
to which the plasma clearance of total bilirubin should increase upon 
administration of a displacing agent while the plasma clearance of free 
bilirubin should remain unchanged. Bilirubin-induced encephalopathy 
caused by sulfisoxazole or other displacing agents may be due to very 
transient elevations of free bilirubin concentrations in plasma of infants 
with elevated plasma concentrations of total bilirubin and the consequent 
redistribution of the pigment to extravascular sites, including the 
brain. 


Keyphrases Sulfisoxazole-effect on pharmacokinetics of bilirubin 
in hyperbilirubinemic rats o Pharmacokinetics-bilirubin in hyperbi- 
lirubinemic rats, effect of sulfisoxazole Bilirubin-pharmacokinetics 
in hyperbilirubinemic rats, effect of sulfisoxazole 0 Antibacterials- 
sulfisoxazole, effect on pharmacokinetics of bilirubin in hyperbilirubi- 
nemic rats 


Administration of sulfisoxazole to premature infants 
with neonatal jaundice has caused kernicterus (brain 
damage), often with fatal outcome (1 ,  2). Typically, this 
effect has been associated with a decrease of bilirubin 
concentrations in plasma. The  same phenomenon was 
observed in rats with unconjugated hyperbilirubinemia (3). 
Sulfisoxazole is a potent displacer of plasma protein-bound 


bilirubin (4), and some of this displaced bilirubin is redi- 
stributed to extravascular sites, including the brain where 
i t  exerts its toxic effect (5). 


Previous in vivo studies of the interaction between 
sulfisoxazole and bilirubin were limited by the lack of 
suitable methodology for the determination of free (un- 
bound) unconjugated bilirubin in plasma. The more re- 
cently developed reaction rate method (6) permits deter- 
mination of free bilirubin in undiluted plasma under 
clinically realistic conditions, i e . ,  a t  bilirubin to albumin 
molar ratios of less than unity (6 ,7) .  Therefore, an inves- 
tigation was initiated to explore the kinetics of the inter- 
action between sulfisoxazole and bilirubin in rats with 
experimental unconjugated hyperbilirubinemia, with 
emphasis on the temporal pattern of free and total (sum 
of free and protein-bound) unconjugated bilirubin con- 
centrations in plasma and total unconjugated bilirubin 
concentrations in erythrocytes before and after intrave- 
nous injection or infusion of sulfisoxazole. 


BACKGROUND 


Bilirubin is eliminated almost entirely by conjugation in the liver and 
subsequent excretion of the conjugates in the bile and urine (8). The total 
plasma clearance of bilirubin is about 10% of the plasma perfusion rate 
of the liver (91, and the concentration of total bilirubin in erythrocytes 
is about 1096 of the concentration in plasma of rats with experimental 
hyperbilirubinemia under otherwise normal physiological conditions 
(Ref. 10 and results of this study). Therefore, the following pharmaco- 
kinetic relationships may be expected to apply (11): 


TC = f p k ”  (Eq. 1) 


C, = Ra/TC (Eq. 2) 


f,C, = R”/k” (Eq. 3) 
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Table I-Typical Response Factors of Creatinine at  Various Spiked 
Concentrations in Saliva Samples 


Spiked Concen- 
Sample tration, mg % Peak Height", cm Response Factorb 


1 0 1.16 - 
2 0.05 3.04 37.60 
3 0.10 5.12 39.60 
4 0.20 9.10 39.70 
5 0.30 12.70 38.47 
6 0.50 


Avera e * S b  


19.60 36.88 
38.45 f 1.232 


a The detector sensitivity was set at 0.005 A full scale, and a 25.4-cm recorder 
chart paper was used. * Response factor = (peak height from spiked sample-peak 
height from unspiked sarnple)/spiked creatinine concentration. 


(Fig. 1). The creatinine peak was not as well resolved as 
that observed in plasma or serum samples using simple 
deproteinization (5). 


Methylene chloride in the sample preparation served 
two purposes. It removed interfering substances from sa- 
liva through extraction. It also concentrated the aqueous 
supernate as compared to the previous deproteinization 
procedure (51, since essentially all acetonitrile remained 
with the methylene chloride layer in the last step. Our 
preliminary study indicated that most creatinine remains 
in the upper aqueous layer. In other words, about a 
threefold increase in sensitivity can be achieved by the 
present extraction method. 


In our previous study (5), a variable wavelength detector 
set at  215 nm was used for creatinine quantitation. Al- 
though creatinine absorption a t  254 nm in the mobile 
phase used here was only -28% of that a t  215 nm, the 
higher signal-to-noise ratio using the 254-nm fixed wave- 
length detector as compared to the variable wavelength 
detector (7) would still make the former detector more 
sensitive. Based on a criterion of a signal-to-noise ratio of 
3, one could estimate the lower limit for quantitation with 
the present method as 0.0065 mg %. 


The satisfactory creatinine peak height linearity with 
increasing concentrations was demonstrated by the re- 
sponse factor studies (Table I). The coefficient of variation 
in the range studied was 3.2%. The coefficients of variation 
for the intraassay and interassay studies ( n  = 6) using a 
saliva sample with 0.048 mg % creatinine were 4.2 and 6.7%, 
respectively. The coefficients of variation were reduced to 
2 and 5.5%, respectively, with a 0.248-mg % saliva creati- 
nine sample. Over several months, many hundred saliva 
samples have been satisfactorily analyzed by the present 
method. 


In most of our saliva creatinine studies, the recorder 
chart speed was 10 cmhr.  The advantages of such a slow 
chart speed were discussed previously (8). In the present 
study,.a micrometer5 with its dial graduated in 0.1-mm 
increments was used for the measurement of peak 
heights. 
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Potential Antiarthritic Agents I: 
Benzoylacetonitriles 


Keyphrases 0 Antiarthritic agents-benzoylacetonitriles, synthesis, 
screened in rats, structure-activity relationships Benzoylacetoni- 
triles-antiarthritis activity, synthesis, screened in rats, structure-ac- 
tivity relationships 


To the Editor: 
Rheumatoid arthritis, a chronic inflammatory disorder 


of unknown etiology, is treated largely with agents useful 
only in ameliorating the acute inflammatory symptoms, 
i.e., pain and swelling. Clearly, nontoxic drugs effective in 
the remission of joint and cartilage destruction are criti- 
cally needed. We screened compounds in the chronic 
Freund's adjuvant-induced arthritis model (1) and dis- 
covered that benzoylacetonitrile (I) and its monofluoro- 
phenyl analogs (11-IV) were highly effective in this 
assay. 


Concurrently, we found this series to be inactive against 
carrageenan-induced edema in rats and urate synovitis in 
dogs and only weakly active in suppressing UV-induced 
erythema in guinea pigs. When tested for the suppression 
of prostaglandin synthesis in uitro, benzoylacetonitrile had 
only one-third of the potency of aspirin. Additionally, I and 
IV displayed little or no ulcerogenic potential in rats at  
total daily doses as high as 800 mghg. These facts suggest 
that prostaglandin synthesis inhibition is unlikely to ac- 
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0 0 Table 11-Effect of Benzoylacetonitrile (I )  and p- 
Fluorobenzoylacetonitrile (IV) on Developing Adjuvant 
Arthritis in Rats (Pooled Data) 


Inhibition of 
Oral Number Mean Swelling, 96 
Dose. of Weieht Primarv Secondarv 


X' 
Scheme I I  


count for this striking suppression of developing adjuvant 
arthritis. 


A series of phenyl-substituted benzoylacetonitriles was 
prepared and screened for activity in the above-mentioned 
assays. These analogs were easily obtained, as in Scheme 
I, uia the 8-aminocinnamonitriles (2) followed by acid 
hydrolysis. 


The most useful conditions for enamine intermediate 
preparation employed 1 equivalent of sodium hydride in 
refluxing ether with 0.1 equivalent of tert-butyl alcohol. 
Alternatively, benzoylacetonitriles were prepared by cy- 
anide displacement on a phenacyl bromide (3) as in 
Scheme 11. Table I lists some representative benzoylace- 
tonitriles from the many prepared in this investigation. 


The compounds listed in Table I were screened in the 
rat adjuvant arthritis assay as described previously (1). 
Measurements of swelling and weight gain were made 14 
days following challenge with Freund's adjuvant. Com- 
pounds that produced a statistically significant percent 
inhibition of the control swelling were accepted as active. 
Only benzoylacetonitrile (I) and its fluoro analogs (11-IV) 
displayed activity in this model. 


Table I1 presents dose-response data for I and IV on 
adjuvant arthritis in rats. These compounds showed 
marked suppression of both primary and secondary le- 
sions. Additionally, they suppressed both lesions for a t  
least 7 days after cessation of treatment. 


Table I-Renzoylacetonitrile Analogs 
0 


s' 
Com- Yield, Melting 
pound X Method 96 Point Reference 


I n  H - - 79-80" 4 (mp 80-81') 
I1 2-F I 87 53-54' 5 (mp 53') 


I l l  3-F I1 37 69-70' 6 
IV 4-F I 80 78-800 6 
V 2 x 1  I 77 50-53' 7 (mn 5fi-57') , ---  - , .. .. 


VI 4 x 1  I 53 126-130" 3 imp 128') 
VII 3-Br I 88 93-95" 7 (mp 88-89') 


VIII 4-Rr I1 42 164-165' 3 (mp 158'). 7 (mp 
160-161") 


IX 4-CH I1 40 106-106.5' 3 (mp 102') 
X 4-OHi I1 38 168-172' dec. 5,7 (mp 182-183') 


XI" 4-NH2 - - 157-160' 7 (mp 157-158') 


a Obtained from Aldrich Chemical Co. Elemental analysis acceptable to within 
0.4% for C Y H ~ N O ~ .  1/4 H2O. 


Compound mg/kk Animals Gaii ,  g Lesion- Lesion . 
Normal rats - 186 77 - - 
Ad'uvant controls 630 36 0 0 
Indomethacin 4 Toxic 


2 57 68 51 38 
1 54 63 46 34 
0.5 54 53 40 25 


I 400 18 31' 81 84 
200 18 56 73 70 
100 36 49 63 70 
50 54 53 51 52 
25 36 54 54 40 
12.5 18 49 37 43 


IV 400 18 42' 75 72 
200 18 67 52 63 
100 18 63 46 44 
50 36 61 56 13 
25 18 55* 33 25 
12.5 18 62 34 22 


All values in the treated groups. other than those marked with an asterisk, were 
significantly different from the adjuvant arthritic controls; p < 0.05 by I test. 


Analogs I1 and TI1 also were effective in the rat adjuvant 
arthritis assay and were inactive when tested in the pros- 
taglandin-mediated assays (i.e., rat carrageenan edema 
and guinea pig UV erythema). 


We concluded that these agents (I-IV) act by a phar- 
macological mechanism different from that of the classical 
aspirin-like anti-inflammatory drugs and have a unique 
potential as structurally novel agents for antiarthritic 
therapy. Initial animal studies suggest that  reticuloendo- 
thelial stimulation may be one possible mechanism of ac- 
tion. A detailed discussion of the chemical and pharma- 
cological aspects of this work will be published. 
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Abstract 0 The relationship hetween chloramphenicol (I) tablet bio- 
availability and in uitro dissolution rates was examined. The effect of 
solid food on the I tablet and powder bioavailability was also studied. Five 
tablets of I were selected for bioavailability testing on the basis of the 
dissolution rates of 18 I tablets (250 mg) determined by several methods. 
Compound I, 500 mg, was administered orally to five subjects, following 
overnight fasting, according to a crossover design. The bioavailability 
parameters were ohtained from urinary 1 excretion. Among the five for- 
mulations studied, only one tablet (F) showed significantly poorer bio- 
availahility. The dissolution rates a t  pH 1.2 did not give the same rank 
order as the bioavailability. The dissolution rate of Tablet F showed re- 
markable pH dependency. The dissolution rates a t  pH 4 showed good 
correlation with in civo bioavailability data. The bioavailability of I 
powder was not affected by solid food. Tablet F, which had poor bio- 
availability in the fasting Ytate, showed good bioavailability when ad- 
ministered just after the standard breakfast. 


Keyphrases o Chlorarnphenicol-various dosage forms, bioavailability 
correlated with dissolution rates 0 Bioavailability-chloramphenicol, 
various dosage forms, correlated with dissolution rates 0 Dissolution 
rates-chloramphenicol, various dosage forms, correlated with bio- 
availability 0 An tibacterials-chlorarnphenicol, various dosage forms, 
bioavailahility correlated with dissolution rates 


The dissolution rates of 21 chloramphenicol (I) tablets 
manufactured in Japan were reported previously (1). In 
this paper, the in uiuo bioavailability of selected I tablets 
was correlated with in uitro dissolution tests. The bio- 
availability of nine different I tablets available in Japan 
was determined previously by Watanabe et al .  (2,3), who 
showed significant correlation of in uiuo bioavailability 
with disintegration time and dissolution rate as measured 
by a disintegration apparatus' using water as the me- 
dium. 


The dissolution devices used in that study (beaker, ro- 
tating basket, oscillating basket, and disintegration' 
methods) all belonged to the stirred-tank reactor type (1). 
In uiuo-in uitro correlation with rotating-flask type dis- 
solution devices was not attempted. These investigators 
(2,3) also reported better correlation of in uitro dissolution 
rate and AUC (area under plasma level-time curve) fol- 
lowing oral a d ~ n i s t r a t i o n  of I tablets with water as the 


I Erweka. 


dissolution medium instead of the pH 1.2 solution rec- 
ommended in JP IX. Chloramphenicol dissolution in an 
unbuffered medium could have complicated the system 
since the pH value changed as the tablet dissolved. 


Comparative bioavailability studies of five I tablets are 
described in this report. These tablets were selected based 
on dissolution rates of 18 I tablets (250 mg) and I powder 
determined by seven methods (1). The  relationship be- 
tween in uiuo bioavailability and in uitro dissolution was 
examined. The  effect of food on the I bioavailability was 
also studied. 


EXPERIMENTAL 


Materials-The I tablets and powder were the same as those described 
previously (1). except for Tablets V and V' which were of the same brand 
but different lot numhers. 


In Vitro Studies-The methods and procedures for determining the 
dissolution rate were the same as those reported previously (1): beaker 
(a), rotating basket (b),  oscillating basket (c-I1 and c-111). rotating flask 
(d ) ,  solubility simulator (e)2, and column (f). The dissolution medium 
pH was controlled by a pH stat. No corrections were made for acidic 
dissolution media adjusted a t  pH 1.2. 


Bioavailability Studies-Six healthy adult male volunteers, 55-72 
kg and 29-49 years old, participated after being informed about the study 
and the drug. All subjects received no harhiturates or other enzyrne- 
inducing agents for 30 days before and for the duration of the studies. 
They also received no other medication or alcoholic beverages for 7 days 
before and for the duration of the studies. 


Slud,v I-The bioavailability of five I tablets was studied using a Latin 
square. Treatments were separated by 1 week. Subjects fasted for 10 hr 
prior to dosing and took two I tablets (total o f  SO0 mg) with 300 rnl o f  
water. They took 200 ml of water a t  2 hr and had lunch a t  4 hr after ad- 
ministration. Urine samples were collected a t  0,0.5, 1, 1.5,2,3,4,5,6,8,  
12,16,24, and 28 hr after dosing. The exact sampling times and the vol- 
ume were recorded. 


Study 11-The effect of solid food on Tablet F and I powder bio- 
availability was studied with four subjects using a Latin square. Tablet 
For I powder (500 mg) was taken either with 300 ml of water in the fasting 
state or immediately after a standard breakfast of 100 g of toast, 20 g of 
butter, 35 g of cucumber, 65 g of boiled egg, 200 ml of milk, and 100 ml 
of water. The urine collection procedure was the same as that for Study 
I. 


Study Ill-One subject participated in a study of the relationship 
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Figure 1-5issolution rates of s ix  I formulations. 


between urinary recovery and dose. Oral I doses of 155,250, and 500 mg 
of powder were given according to the protocol described for Study I. 


Assay-Unchanged and total urine nitro I compounds were deter- 
mined by colorimetry as described by Maruyama and Suzuki (4) with 
slight modifications. 


Total Nitro I Compounds-Urine, 1 ml, was diluted to 100 ml with 
water, and 4 ml of 0.25 N NaOH and 0.3 ml of 2% Na2S204 were added 
to 1 ml of the solution and mixed well. After the solution stood for 15 min 
a t  room temperature, 0.5 ml of 2.5% NaN02 and 1.0 ml of 4 N HCI were 
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0- 500 
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Figure 2-Dose dependency of urinary excretion of free and total 
nitro follouiing oral I powder administration. Key: 0, free I; 0 ,  total 
nitro compounds; and 0,  ratio of free t o  total nitro. 
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added and mixed well. After 5 min, 0.5 ml of 5% sulfamic acid was added; 
the solution was shaken and allowed to stand for 5 min. Then 0.5 ml of 
0.5% Tsuda's reagent solution was added, and the mixture was allowed 
to stand for 90 min a t  37'. The solution absorbance was determined 
spectroph~tometrically~ a t  650 and 560 nm. 


Unchanged I-An aliquot of urine was diluted 20 times with water, 
4 ml of pH 6.0 phosphate buffer (0.2 M) and 12 ml of ethyl acetate were 
added to 2 ml of the solution, and the solution was shaken for 10 min 
mechanically. After centrifugation, the aqueous layer was removed and 
10 ml of fresh phosphate buffer (pH 6.0) was added. The mixture was 
shaken for 10 min and centrifuged. Ten milliliters of the organic layer 
was evaporated to dryness under reduced pressure in a boiling water bath. 
Water (4.5 ml) was added, and the solution was heated for 5 min to dis- 
solve I completely. After the solution cooled, 0.5 ml of 1.0 N NaOH and 
0.3 ml of 2% Na2S204 were added. The assay then followed the procedure 
described for total nitro compounds. 


Aqueous solutions of 2% Na2S204 and 2.5% NaN02 were prepared just 
prior to addition. The absorbance due to the urine composition was al- 
most constant and very small in comparison with other colorimetric 
methods (5,6). The urine sample collected just prior to dosing could be 
used as the urine blank with very slight error. 


RESULTS AND DISCUSSION 


In Vitro Studies-Figure 1 shows the relative dissolution rates of the 
five I tablets and powder as reflected by lag time, time for 50%dissolution 
(Tso),  and time for 80% dissolution (7'~). Each formulation showed a 
distinguishing dissolution rate profile. Tablet B had very fast dissolution 
rates by all seven methods. The powder dissolution behavior was similar 
to that of  Tablet B in all dissolution methods except Method f. Tablet 
T showed especially slow dissolution rates in Methods a, b, and f, which 
have poor dispersing intensity (1). 


The Tablet T dissolution lag time was small. Tablet V' appeared to 
~~ 


:I Hitachi 156. 
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Table I-Mean Chloramphenicol Bioavailability Parameters  from the Five Formulations 


Results Tukey's 
Formulation of Allowable 


Parameter" B T F V V' ANOVA Difference 


Excretion lag time, hr 0.26 0.4 5.2 1.2 1.4 p<O.O5 B < T < V < V ' < F C  
Maximum urinary excretion rate, mglhr 15.42 14.34 3.44 14.24 13.64 p < 0.05 B > T > V > V' > F 
Time of maximum urinary excretion rate, 1.46 2.30 15.45 2.15 2.50 p < 0.05 B < V < T < V' < F 


hr 


28 hr, mg 


28 hr 


Cumulative amount excreted in urine for 77.12 73.36 41.76 78.12 71.34 p < 0.05 V > B > T > V' > F 


Ratio of free to total nitro excreted for 0.159 0.164 0.156 0.159 0.152 NSd 


0 Obtained from the urinary excretion of unchanged compound. b Mean of five subjects. c Formulations not underscored by the same line differ significantly in their 
mean values for the parameter ( p  < 0.05). d Not significant (p  > 0.05). 


Table  11-Chloramphenicol Dissolution Rates in Two Different 
Media 


Time of 50% Dissolution, min 
Method d Method c-111 


Formulation SJ" DWb SJ DW 


Pnwder 1.1 1.5 0.3 1.0 - . . . . - - - _ _  
Tablet B 3.6 
Tablet T 12.6 


- . . . - - - _ _  
Tablet B 3.6 4.2 1.6 3.2 
Tablet T 12.6 10.9 7.3 12.6 
Tablet F 44.4 >1140 15.0 114.0 
Tablet V 29.0 170.0 21.1 34.5 


4.2 1.6 3.2 
10.9 7.3 12.6 


Tablet F 44.4 >1140 15.0 114.0 
Tablet V 29.0 170.0 21.1 34.5 
Tablet V' 116.0 1022.0 59.5 49.4 


a Simulated gastric juice wlthout enzyme, pH 1.2. Distilled water. 


have a strongly coated film; its lag time was very long, but dissolution after 
the lag time was comparatively fast. The rotating vessel reactor disso- 
lution methods (d and e) showed especially poor destructive intensity 
against Tablet V .  Tablet V showed fast dissolution after the lag time by 
all methods except Method f. Tablet F showed especially poor dissolution 
by Method d but comparatively good dissolution by other methods. 


Dose Dependency of I Urinary Excretion-Figure 2 shows the re- 
lationship between dose and the cumulative amount excreted in 28 hr 
following oral administration of I powder in one subject (Study 111). The 
excreted free and total nitro I compounds were proportional to the dose 
administered, but the ratio of free to total nitro compounds increased 
slightly with dose from 0.128 toO.162. This result suggested that urinary 
I excretion in humans can be treated by linear pharmacokinetics within 
the dose range studied. 


Bioavailability-The bioavailability parameters following five dif- 
ferent treatments are summarized in Table I. Based on ANOVA (analysis 
of variance), statistically significant differences were found among the 
treatments in all parameters except the ratio of free to total nitro I 
compounds. Tablet F showed significant differences from the other 
tablets in all parameters except the ratio of free to total nitro compounds 
excreted. Tablet F showed an excretion lag time of about 5 hr. This tablet 
took the longest time to reach the maximum excretion rate, which was 
also the smallest value among the treatments. The total amount excreted 
in 28 hr after dosing with Tablet F was ahout one-half of the amount 
excreted after the other tablets. The poor Tablet F bioavailability, 
however, appeared not to be due to in uitro dissolution rates (Fig. 1). 


All dissolution tests in Fig. 1 were carried out a t  pH 1.2. The i n  uitro 
dissolution was reexamined using water as the dissolution medium as 
suggested by Watanabe et 01. (3). 


Table I1 showed that, with Method d, the Tablet F dissolution rate in 
water was remarkably slower than that determined a t  pH 1.2, as were the 
dissolution rates of'I'ablets V and V'. With Method c-111, only Tablet F 
showed a slower dissolution. With water as the dissolution medium, the 


2 3 4  5 6 7 8 9  
PH 


Figure 3-Effect of pH on time of 50', I formulation dissolution. Key 
V, powder, X, Tablet R. A, Tablet T, e, Tablet F, 0, Tablet V .  and D, 
Tablet V' 


pH changed as dissolution progressed; the change was dependent on the 
formulation. 


Figure 3 represents the dissolution rates determined by Method c-I11 
when the medium pH was controlled uia pH stat. Tablet F was the only 
tablet whose dissolution showed a remarkable pH dependency. Since the 
powder dissolution rate was not a function of pH, the pH dependency 
shown by Tablet F might have been caused by the white shellac tablet 
coating. 


Figure 4 shows the relationship between in riiuo bioavailability and in 
u i t ro  dissolution of the five tablets tested. The in uitro dissolution rates 
were determined by Method c-111 at  pH 4.0. From Fig. 4, there appeared 
to he a critical dissolution rate point distinguishing the equivalent from 


Table  111-Effect of Food on Chloramphenicol Powder and Tablet  F Bioavailabilities 


Powder Tablet F 
Paired Paired 


Parametero Fasting Nonfasting t Test Fasting Nonfasting t Test 


Excretion lag time, hr 0.13b 0.50 NS' 5.20 2.60 N S  
Maximum urinary excretion rate, mg/hr 15.00 15.15 NS 3.44 14.95 p < 0.025 
Time of maximum urinary excretion rate, hr 1.63 2.53 NS 15.45 4.06 p < 0.025 
Cumulative amount excreted for 28 hr, mg 76.73 89.55 NS 41.76 82.85 p < 0.05 


Obtained from the urinary excretion of unchanged compound. b Mean of  four  subjects. Not significant ( p  > 0.05). 
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tablets, except for Tablet F under fasting condition, and did not show 
any bioavailability difference between fasting and nonfasting states. 
Tablet F, which had poor bioavailability after fasting, became equivalent 
in bioavailability with the other formulations when it was administered 
just after the standard breakfast. Possibly, the more violent movement 
of the tablet in the GI tract after food might have increased drug ab- 
sorption. 


2 4 6 0 10 20 40 6080100 200 


TIME OF 50% DISSOLUTION 
OR LAG TIME, min 


Figure 4-Correlation of in vitro parameters (time of 50% dissolution 
and lag time) with urinary excretion in vivo. Key: 0 ,  urinary excretion 
lag time; A, maximum urinary excretion rate; 0, time of maximum 
urinary excretion rate, and 0. cumulatiue amount excreted in urine for 
28 hr. These values were estimated by means of the urinary excretion 
of unchanged compound. 


the nonequivalent tablets. Since only one tablet was detected as non- 
equivalent in this study, the critical point could not be determined clearly. 
However, an approximate critical T m  point appeared to be more than 
50 min. The critical value occurred surprisingly late, even though the in  
uitro rates were determined by the dissolution method that had the most 
vigorous agitating, dispersing, and destructive intensities among the seven 
methods studied. 


Effect of Food on Bioavailability-The relative bioavailability of 
the powder and Tablet F was studied under fasting and nonfasting con- 
ditions. Table I11 shows the bioavailability parameters compared by the 
paired t test. The powder showed equivalent bioavailability with the 


CONCLUSIONS 


Film-coated I tablet absorption in humans is related to dissolution. 
The dissolution device that correlated well with bioavailability was one 
with a comparatively violent destructive force for the coated tablet film 
and high test medium agitation. The test medium pH must also be con- 
sidered because dissolution of certain tablet coatings was pH depen- 
dent. 
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Abstract 0 Systematic structural modifications were performed on the 
natural sesquiterpene lactone tenulin to define those groupings essential 
to, or significant in, i t s  in oiuo antitumor activity. Accordingly, the fol- 
lowing tenulin analogs were prepared: dihydrotenulin, 2,3-epoxytenulin, 
isotenulin, dihydroisotenulin, 2,3-epoxyisotenulin, and tetrahydrode- 
acetylisotenulin. Both the cyclopentenone and the hemiketal units in 
tenulin were necessary for high in oiuo activity. 


Keyphrases 0 Tenulin-antineoplastic activity, structure-activity 
relationships, in  uivo study 0 Antineoplastic activity-tenulin, struc- 
ture-activity relationships, in uiuo study 


The sesquiterpene lactone tenulin (I) is a major bitter 
principle in several species of the plant genus Helenium 
(Family Compositae) (14). High in uiuo tenulin antitumor 
activity toward the Ehrlich ascites and Walker 256 carci- 
nosarcoma screens and, to a lesser extent, toward P-388 
leukemia has been demonstrated (7, 8). The tenulin cy- 
clopentenone unit may act as a Michael acceptor in cellular 
enzyme essential sulfhydryl group alkylation. 


Tenulin forms a Michael addition product with L-cys- 
teine to give the zwitterionic compound I1 (7,8). The ad- 
duct 11, containing the cyclopentanone group, showed 84% 
activity loss toward the Ehrlich ascites screen, suggesting 
that a cyclopentenone unit is important for high activity. 
Low I1 activity also might be the result of lower solubility 
in lipid membranes. 


In the present study, the tenulin structure was modified 
in ways not significantly affecting drug transport. This 
structure-in oiuo antitumor activity work reveals those 
tenulin features necessary for high activity. 


RESULTS AND DISCUSSION 
Chemistry-Tenulin (I), isolated after extraction of Helenium am- 


arum (6,7), was subjected to catalytic hydrogenation conditions to give 
dihydrotenulin (111) (1). A new compound, 2,3-epoxytenulin (IV), was 
prepared in quantitative yield from tenulin upon brief treatment with 
cold, basic hydrogen peroxide solution. 2,3-Epoxytenulin, C17H2206 (by 
exact mass measurement), had a 194-197' melting point and IR ab- 
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Synthesis and Antimicrobial Activity of 
3H- 1,2,4-Thiadiazolo Fused Heterocycles 
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Abstract 0 Various fused :~H-1,2,4-thiadiazoles were prepared. Sig- 
nificant in ui t ro  Gram-positive antibacterial and antifungal activities 
were ohserved for certain memhers of the  series. 


Keyphrases 0 3H-1,2,4-Thiadiazoles, various-synthesized, evaluated 
for antibacterial and antifungal activities in uitro 0 Antihacterial ac- 
tivity-various 3H-1,2,4-thiadiazoles evaluated in ui t ro  0 Antifungal 
activity--various 3H-1.2.4-thiadiazoles evaluated in ui t ro  0 Struc- 
ture-activity relationships-.. various 3H - 1,2,4-thiadiazoles evaluated for 
antibacterial and antifungal activities in ui t ro  


Fused ring systems represented by the general formula 
I are an interesting class of little-studied heterocyclic 
compounds for which there have been no reports of bio- 
logical activity. The present report describes the synthesis 
and antimicrobial activity of a limited number of com- 
pounds of this type (Table I). 


DISCUSSION 


The synthetic sequences are outlined in Scheme I and are essentially 
those described by Potts and Kane (1). An tr-amino N-heterocyclic 
compound (11) was first reacted with perchloromethylsulfur chloride to 
give the corresponding trichloromethyl sulfenamide (111). Treatment of 
111 with an appropriate amine gave bicyclic compounds (I) .  While it was 
possible to isolate and characterize 111, this step generally was not per- 
formed. 


Oxidation of sulfides t o  the sulfoxides was usually done as a final step 
on 1, using 40% peracetic acid. However, when I corresponded to fusion 
with a 1,3,4-thiadiazole and K was an aliphatic group, oxidation gave only 
complex mixtures. Thus, XXXIII was obtained by subjecting IV to the 
sequence of 11 to I11 to 1 (Scheme 11). When I corresponded to fusion with 
a thiazole, oxidation with an aliphatic K group proceeded smoothly. 
Initially, the sulfides corresponding to the sulfoxides in Table 1 were 
isolated and purified. However, when the sulfides proved to lack biological 
activity, only the final products were thoroughly characterized. 


While no attempt was made to improve yields, steric hindrance and 
electron-withdrawing groups on the amine adversely affected the 111 to 
1 reaction. Treatment of 111 with 2.6-disubstituted anilines gave no re- 
action. 


1-,- P 
' I  


I11 
Scheme I 


Accepted for publication July 12, 1978. 


With the exception of V, VI, X, XIII, and XXXIV-XXXVI, the 
starting materials leading to the compounds in Table 1 were obtained by 
al kylation of commercially available 2-amino-5-mercapto-l,3,4-thiadi- 
azole. Keaction of 'L-amino-5-hromo-l,3,4-thiadiazole (2) with thiophenol 
gave 2-amino-5-phenylthio-l,3,4-thiadiazole, which was converted to 
X. 


2-Amino-5-trifluoromethyl-1,3,4-thiadiazole (3) ,  3-mercapto-5- 
amino-1,2,4-thiadiazole (4), 2-amino-5-mercaptothiazole (5), and 3- 
amino-6-mercaptopyridazine ( 6 )  were prepared by literature methods 
and converted into XIII, XXXIV, XXXV, and XXXVI, respectively. 
Commercially available 2-amino-1,3,4-thiadiazole and 2-amino-5- 
methyl- 1.3.4-thiadiazole were used to prepare V and VI. The amines were 
either commercially available or were prepared by standard synthetic 
transformations. 


RESULTS 


In  uifro bacteriostatic and fungistatic activities are presented in l'able 
I1 along with values for cephalothin sodium' and micronazole nitratez. 
In addition, fungicidal activities are given for XIX, XXII, and XXVII 
(Table 111). 


Several generalities emerge. Significant activity within the series was 
realized only when the 1,2,4-thiadiazole was fused to a 1,3,4-thiadiazole. 
Replacement of one nitrogen (XXXV) or the sulfur by a vinyl group 
(XXXVI) of the 1,3,4-thiadiazole resulted in loss of activity. Slight ac- 
tivity was retained in the isomeric 1,2,4-thiadiazole derivative (XXXIV). 
Furthermore, of all Y groups tested, only the sulfoxides (and to a lesser 
extent the sull'nne 1X) were active. 


The phenyl sulfoxide seemed to  be the most effective Y group hut was 
difficult to make, and the remaining comparisons of R groups were done 
with methyl sulfoxides. Significant activity was found only when R was 
an aryl group. Both antifungal and antibacterial activities appeared, a t  
least in part, to  he a function of lipophilicity. With the exception of sul- 
fonamide derivatives, no Gram-negative activity was observed. 


The most impressive results were antifungal, with in uitro fungistatic 
and fungicidal activities of some compounds a t  least as high as those of 
micronazole nitrate. 


EXPERIMENTAL? 


All compounds were prepared in a manner analogous to the synthesis 
of VII and VIII. 


6-Methylthio-3-phenylirnino-3H - 1,3,4-thiadiazolo[2,3-c][ 1,2,- 
Il thiadiazole (VI1)-To a solution of 8.82 g (60 mmoles) of 2-amino- 
5-methylthio-1,3,4-thiadiazole in 500 ml of tetrahydrofuran with 6 g of 
sodium bicarbonate was added 7.2 ml(65 mmoles) of perchloromethyl- 
sulfur chloride. After stirring a t  room temperature for 1 hr, a solution of 
6 g (65 mmoles) of aniline and 30 ml(200 mmoles) of triethylamine in 500 
ml of tetrahydrofuran was added. 


The mixture was stirred for another hour a t  room temperature and 
then filtered, and the filtrate was evaporated under reduced pressure. 
The residue was passed through a 100-g pad of silica gel with methylene 
chloride. The eluent was evaporated, and the residue was crystallized 
from methylene chloride-hexane to give 9 g of VII. 
6-Methylsulfinyl-3-phenylirnino-3H - 1,3,4-thiadiasolo[2,3- 


c ] [  1,2,4]thiadiazole (VII1)-To a solution of 9 g (32 mmoles) of VII in 
100 ml of chloroform was added 10 ml (-50 mmoles) of 40% peracetic 


Keflin. Eli I A y  and Co. 
Micatin, Johnson &Johnson. 


3 Melting points were determined in a Thomas-Hoover capillary apparatus and 
are uncorrected. NMR spectra were ohtained in chloroform-d, with Varian A-60 
and H A -  100 instruments, and mass spectra were determined with a Varian-MAT 
CH4 spectrometer. Elemental analyses were performed hy the analytical depart- 
ment of Syntex Hesearch, Institute of Organic Chemistry. Chromatography was 
done o n  Merck silica gel 60. 
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Table I-Physical Properties of Title Compounds 


Mass 
Spec- 
trum, 


Melting Yieldo, mle Calculated Found 
Analysis, % 


Compound Y R Point 9h Formula (M+) c H N C  H N  


V 
VI 


VII 


V l l l  


IX 


X 


XI 


XI1 
XI11 


XIV 


xv 


XVI 


XVll  


XVlIl  


XIX 


xx 


>;XI 


X X l l  


X X I l l  


X X l V  


xxv 


XXVl  


XXVIl  


XXVIII 


H 
CHI 
CH +S 


0 


('H p 
0 


('H S 


t 


t 
1 


t 
0 
0 


(' H S 
0 


t 
C.n  C H S  


0 


CH C H  CH 5 
t 


CF* 
0 


T H  ,S 
0 


CH S 
0 


CH P 
0 


CH 6 
0 


C l l S  
0 


C H  s 
0 


CH S 
0 


('H s 
0 


CH R 
0 


C H  S 
0 


CH ,S 
0 


CH S 
0 


CH s 
0 


CH d 
0 


CH S 


t 


t 


t 


t 


t 


t 


t 


t 


t 


t 


t 


t 


t 


t 


t 


4 d - 7 0  u 


148-151' 
139-142' 
143-144°b 


167-168" 


19 1 - 192' 


133- 134' 


167-168' 


122- 123' h 
90-91°h 


188-189' 


157-1590h 


181-1820b 


198-199°h 


190-192' 


134-1350b 


186- 189' 


195- 197' * 


168-169' * 


186- 188' 


2 12-2 14' 


21b2190h 


218-219' 


152-1530b 


121-1220b 


49 
30 
60 


25 


22 


25 


35 


40 
76 


33 


36 


14 


4 


20 


32 


15 


18 


12 


31 


15 


12 


15 


38 


20 


234 46.14 2.58 23.91 46.22 2.63 23.69 
248 47.98 3.25 22.56 47.98 3.10 22.72 
280 42.84 2.88 19.99 42.50 3.01 19.90 


296 40.53 2.72 18.90 40.11 2.69 18.82 


312 38.45 2.58 17.94 38.90 2.56 17.76 


358 50.26 2.81 15.63 50.26 2.68 15.79 


372 51.59 3.24 15.04 51.47 3.15 15.22 


324 44.43 3.73 17.27 44.20 3.78 17.28 
302 39.73 1.67 18.53 39.81 1.71 18.36 


330- 36.31 2.13 16.94 36.49 1.81 16.91 
332 


330- 36.31 2.13 16.94 36.12 2.06 16.77 
392 


330- 36.31 2.13 16.94 36.56 2.14 16.84 
332 


364- 32.88 1.66 15.34 32.59 1.39 15.27 
368 


326 40.48 3.09 17.17 40.13 :3.39 16.77 


352 47.71 4.58 15.90 47.54 4.86 15.75 


321 41.11 2.20 21.79 41.16 2.16 21.43 


368 42.38 3.29 15.21 42.51 3.27 15.01 


364 36.26 1.94 15.38 35.92 1.88 14.99 


416 49.03 2.90 13.45 48.68 2.95 13.20 


375 j1.99 2.42 18.65 31.81 2.71 18.47 


403 35.72 3.25 17.36 35.52 3.31 17.00 


445 37.74 3.39 15.79 37.65 3.47 15.49 


388 49.47 3.11 14.42 49.48 3.05 14.41 


444 54.03 4.54 12.60 54.18 4.56 12.45 


(continued) 
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Table I-Continued 
Mass 
Spec- Analysis, % 
trum, 


Calculated Found Melting Yield", mle 
Compound Y R Point % Formula (M+) C H N  C H N  


XXIX 


xxx 


XXXI 


XXXII 


XXXIII 


XXXlV 


xxxv 


XXXVI 


0 


CH 5 
0 


CH S 
0 


CH S 


t 


t 


t 
0 


CHJCH8 
0 


CH S 


t 


t 


164-1650h 


145-1470b 


147-149' 


157-158' 


130-131 ' 


152-154' 


418 


416 


460 


402 


262 


296 


48.79 


51.90 


52.16 


50.73 


32.05 


40.53 


3.27 


3.87 


4.38 


3.51 


3.84 


2.72 


13.39 48.54 


13.45 52.03 


12.16 52.40 


13.92 50.68 


21.36 31.90 


18.90 40.25 


3.28 13.03 


3.77 13.18 


4.37 12.13 


3.39 13.81 


3.95 21.30 


2.68 18.90 


198-200" 33 CIIH9NaOSs 295 44.73 3.07 14.23 44.51 2.81 13.89 


195-1960b 290 49.64 3.47 19.30 49.43 3.66 19.26 


W 


* Yields are overall values for I1 - 11f - I and the oxidation step except where there was no oxidation. b Recrystallized from methylene chloride-hexane. Recrystallized 
from acetone-hexane. 


Table 11-Antimicrobial Activities a 


Compound 
Bacteriostatic Fungistatic 


A R C D E F G H I J K 


v 
VI 


VII 
VIII 


IX 
X 


XI 
XI1 


XIII 
XIV xv 
XVI 


XVll 
XVlII 


XIX xx 
XXI 


XXII 
XXlII 
XXlV xxv 
XXVI 


XXVII 
XXVIII 


XXXVI 
Cephalothin sodium 
Micronazole nitrate 


h 
-h  
-b 


- 


6.25 


0.05 


6.25 


3.12 


6.25 
1.6 
6.25 
1.6 


12.5 


50 


-b 


50 


100 
25 
25 
50 
12.5 
25 
50 
0.1 
3.12 
3.12 


12.5 
3.12 
1.6 


12.5 
102 - 
-h  


0.05 - 


h 
-h  
-b  


- 


25 
25 


100 
50 


0.8 


- h  


3.12 
50 
12.5 
3.12 


25 
1.6 


12.5 
50 
12.5 
1.6 


12.5 
12.5 
12.5 
0.8 
3.12 
3.12 
3.12 


1.6 
200 


25 


- 22 
-h 


<0.008 
- 


- h  
- h  
-h 


12.5 
200 
20f 


- 551 


20f 


- 
-h 
-h 


- h  
-b 


-_ 
50 


-h  
- h  
- b  


25 
1 orj - 
200 
-b 
-b 
-b 


200 
200 


22 
-h 
- h  


0.05 


- t  


-c  
- c  


3 
3 
1 


3 


1 
1 
3 
1 


1 
3 
1 
1 


- 1  


-< 


- 


- c  
- 1  


100 
100 


1 
-d  


1 
3 


100 
1 


30 
10 


- c  
-c  
- 


- c  


- 1  


- 1  


1 
1 
1 
1 
1 


0.1 
1 
1 
0.1 


0.1 
3 
1 
0.1 
1 


10 
30 


0.1 
I 
0.1 
0.1 
1 
0.1 


10 
3 


30 


-< 


- 


- c  


- c  


- 


- d  
-d 
- d  


30 
30 
10 


30 


30 
10 
30 
10 


3 
30 


10 


- d  


- d  


_ _  


-d 


-d  
- d  
- d  
- d  


- d  
- d  
- d  
- d  
- d  


10 


100 
30 


- d  
-d  
- 


0.2 
Values are minimum inhibitory concentrations in micro rams per milliliter Assay procedures are described under I ;x Primanto/. A = Sla h>  lo( o ( (us  aureu.v (A'I'CC 


6538P). B = Slrrptrrcocrus pyo2ene.v (ATCC HM8). C = Escffrrirhia coli ( ATCd 25922, D = K/rbsia//a pneumoniae (AT($ 10031), E = P.veu&m;in,s arruginoso (A'TCC 
10145). F = frotrus vulgaris (A'I'CC 9484), G = Microkpcirum gypspsrum (ATCC 1468:1), H = EpidQrmfJph?/tfm florcosum (ATCC 15643). I = Trichophyton mentojirophyte.\ 
(AI'CC 11481)..1 = Candida o/biruns (ATCC IO2::ll).and K = Cryptororeus neoforman.9 (ATCC 13690). JJ >200. >loo. >300. 
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Table 111-Fungicidal Activities a 


Fungicidal 
Commund c, H I J K 


dilutions in chemically defined media according to the procedure de- 
scribed by Long et al ( 7 ) .  


- 


XIX 1 1 1 30 10 
?(XI1 1 1 a 30 10 


X X V l l  1 0.1 1 - b  10 
Micronazole nitrate 30 1 30 80 i n  


See footnotes to Table 11. 6 >300. 


acid. After stirring a t  room temperature for 3 hr, a 10% aqueous solution 
of sodium metabisulfite was added until starch-iodide paper gave a 
negative result. 


Excess saturated potassium bicarbonate solution was then added, and 
the layers separated. The organic phase was dried (magnesium sulfate) 
and evaporated under reduced pressure. The residue was chromato- 
graphed. using 1% methanol-methylene chloride to elute material that 
crystallized from methylene chloride-hexane; 4.2 g o f  VIII was ob- 
tained. 


Antimicrobial Assays4-The bioassays were done by serial broth 


'The bioassays were conducted under  the direction of Dr. A Hriierner and  Ms. 
S. Hitt. Institute of Ayrisciences, Syntex Research. 
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Abstract D Thirty-one aziridinylbenzoquinones were compared against 
five murine tumor models in vim. Two intracerebral (ependymoblastoma 
and L-1210 leukemia) and three intraperitoneal (P-388 and L-1210 leu- 
kemia and B16 melanoma) systems were utilized. Excellent activity was 
observed for many compounds. Multiple long-term survivors were pro- 
duced in the ependymoblastoma, P-388, and intraperitoneal L-1210 
systems. Diethyl 2,5-bis(l-aziridinyl)-3,6-dioxo-1,4-cyclohexadiene- 
1,4-dicarbamate demonstrated superior activity in all five test systems. 
This compound also was reproducibly active against two colon tumors, 
a mammary tumor, and the intracerebrally implanted P-388 leukemia 
model. 


Keyphrases 0 Aziridinylbenzoquinones-evaluated as potential CNS 
antitumor agents in uiuo, various test systems 0 CNS antitumor activ- 
ity-aziridinylbenzoquinones evaluated i n  uiuo, various test systems 0 
Antitumor agents, CNS-aziridinylbenzoquinones evaluated in uiuo, 
various t e s t  systems 0 Structure-activity relationships-aziridinyl- 
benzoquinones evaluated as potential CNS antitumor agents in uiuo, 
various test systems 


The antitumor activity of aziridinylbenzoquinones in 
murine model tumor systems has been recognized for al- 
most 25 years (1-5). Recent reports described the activity 
of two members of this family, trenimon (6-8) and carba- 
zilquinone (8-1 l), which have had clinical trials. 


As part of a program to develop agents that  might be 
effective against neoplasms of the central nervous system 


(CNS), several series of aziridinylbenzoquinones were 
prepared and evaluated in murine brain tumor systems 
(12, 13). Some of these compounds produced long-term 
survivors in the intracerebral ependymoblastoma tumor 
model. To determine which aziridinylbenzoquinones might 
have the greatest potential for clinical trial with emphasis 
on CNS neoplasms, the 31 analogs available to the Na- 
tional Cancer Institute (NCI) were compared in two 
intracerebral and three intraperitoneal tumor systems. 


EXPERIMENTAL 


Materials-Compounds XIV-XXXI (Table I) were synthesized as 
described previously (12, 13). and I-XI11 were obtained from other 
sources1. 
Tumor Test Systems-The standard NCI protocols for the intrace- 


rebral and intraperitoneal tumors are described in Table I1 and Ref. 
14. 


Treatment-Treatment was intraperitoneal in all cases. Saline (0.1%) 
or hydroxypropylcellulose was used as the vehicle. Treatment in all 
systems other than ependymoblastoma began on Day 1 and continued 
once daily for 9 days. In a few instances, previous data were available with 


' Ciba-Geigy, Bayer A. G., Sankyo Co., the U S .  Department of Agriculture, and 
Dr. H. S. Verter of the M e r  American University of P u e r t o  Ricm 
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Abst rac t  0 A rapid, sensitive, and specific determination of ketoprofen 
in human and animal deproteinized body fluids by reversed-phase 
high-pressure liquid chromatography is presented. The acid is detectable 
in amounts as  low as  0.1 pg/ml. Limits o f  error are in the range of f 5 . l ‘ %  
of the  sample mean. 


Keyphrases  Ketoprofen--high-pressure liquid chromatographic 
analysis in various body fluids High-pressure liquid chromatogra- 
phy-analysis, ketoprofen in various body fluids Anti-inflammatory 
agents --ketoprofen, high-pressure liquid chromatographic analysis in 
various body fluids 


A TLC procedure (1) for the determination of keto- 
profen, 2-(3-benzoylphenyl)propionic acid, in body fluids 
overcame most limitations of other procedures (2). The 
search for new methods to shorten the time required to 
perform analyses and to improve sensitivity led to the 
present high-pressure liquid chromatographic (HPLC) 
procedure. 


E X P E R I M E N T A L  


A p p a r a t u s  a n d  O p e r a t i n g  Conditions-- A high-pressure liquid 
chromatograph’ was equipped with two independent pumps, a re- 
versed-phase column’ (0.25 m X 4 mm),  a variahle wavelength spectro- 
photometer’ to monitor the column effluent, and a liquid chromatograph 
terminal‘‘ to  program chromatography conditions and record and inte- 
grate peak areas. Operating conditions were adjusted to give a mobile 
phase flow rate of 0.8 ml/min (operating resulting pressure 0 1  3’2.. 38 atm). 
‘The rolumn oven temperature was set  at 40’. The detector wavelength 
was 255 nm (for quantitative evaluation) o r  205 nm (for qualitative 


Hewlett-Packard 1084A. 
‘1 Hewlett-Packard RPH-799IHA. 
1 Hrwlett-I’ackard IO3OR. 
,a Hewlett-l’ackard i9850A. 


2 90.4 


4 90.3 


T a b l e  I-Recovery of Ketoprofen  Added to H u m a n  Plasma as 
C o m p a r e d  to Ketoprofen  Dissolved i n  P h o s p h a t e  B u f f e r  (255 nm) 


Ketoprofen 
Added, Relative Area Recovery, 
d m l  Buffer Plasma O h  


1 16.760 13.946 88.9 
16.500 13.685 
17.040 13.750 
15.500 
16.450 13.795 
:3:3.000 31.822 
:34..590 29.370 
3.5.670 ‘9.582 
3 L y g  :3‘2.10:1 
:1:1.998 :w.5 19 
68.700 64.428 
72.400 G:1.862 
7 1.500 G I  5 9 6  
71.100 B;i.844 
70.800 6:!.9:K< 


8 140.320 127.4:10 90.7 
139.570 1‘8.010 
139.870 1 27. I 00 


140.443 1’7.:3‘:1 
- 142.010 1’6.750 


evaluation of metabolites). 
R e a g e n t s  -Methanols for  HP1.C was used a s  received. Double-dis- 


tilled water was filtered through a 0.2-pm pore size mernhrane filter‘;. The 
mohile phase was douhle-distilled water -methanol (8kl.5). 


Prepara t ion  of Standards-Ketoprofen was dissolved in 96% ethanol 
or 0.15 M phosphate buffer a t  pH 8. Aliquots of ethanolic snlutions 
equivalent to  1 ,  2 ,4 ,  and 8 were placed in glass-stoppered centrifuge 
tuhes and  evaporated to  dryness under a gentle nitrogen stream. Then  
1 ml of untreated body fluid was added t o  each tube and mixed well. 


Merck. 
fi Sartiiriua type SM II307. 
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n u: 


F i g u r e  1-Chromatogram 
of untreated deproteinized 
human plasma. Theattenu- 
ation was 26 (64 X 
aufs), and the slope sensi- 
tivity was 0.45. UV monitor- 
ing was at 255 nm. 


i 3'5 
MINUTES 


These standards and the appropriate blanks were handled in the same 
manner as body specimens. For recovery determination, the same aliquots 
of standard dissolved in phosphate buffer were injected into the chro- 
matograph without any manipulation. 


Preparation of Sample-A 1-ml aliquot of human or rat plasma or 
rat inflammatory exudate [prepared according to Fukuhara and Tsurufuji 
(3)] was mixed with 10 ml of absolute ethanol and centrifuged a t  2000 rpm 
for approximately 10 min. The supernate was flash evaporated to dryness 
and taken up with 1 ml of 0.15 M phosphate buffer at pH 8. The sample 
was shaken for 20 min at 37O, cooled, and filtered through a 0.2-pm pore 
size membrane filter. A 50-pl aliquot of the filtrate was injected in the 
chromatograph. 


Increased sensitivity could be obtained by taking up the sample with 
0.5 ml of phosphate buffer and filtering it through a homemade filter 
having a dead volume of only 100 pl and/or injecting 200 pl of the filtrate 
into the chromatograph .instead of the customary 50 pl. 


Calculation-Calibration curves were prepared by plotting the in- 
tegrated areas of standards against the relative concentrations. Values 
for unknown concentrations of ketoprofen in biological specimens were 
calculated from the slope of the standard curve. 


Column Purge-To preserve column efficiency daily after analyses, 
it was advantageous to set the oven temperature a t  55' and to wash the 
column with double-distilled water for 10 min, with water-methanol (1:l) 
for 10 min, and with methanol for 10 min. 


Precision Parameter  Determination-To assess the precision of 
the assay, 10 complete determinations were carried out on the same day 
on one rat plasma sample collected 1 hr after oral ketoprofen. 


m n  
S? 
n* 


0 35 
MINUTES 


1 
0 


MINUTES 35 


Figure 3-Chromatogram of deproteinized human plasma 1 hr after 
oral administration of ketoprofen. UV monitoring was at 255 nm. 


Limits of error of the sample mean were calculated from the relative 
standard deviation according to Saunders and Fleming (4). 


Clinical Utility of Assay-To evaluate the clinical utility of the 
present procedure, plasma samples from five patients receiving keto- 
profen at 40 mg PO were assayed. 


RESULTS A N D  DISCUSSION 


Percent recoveries of known amounts of ketoprofen added to plasma 
are shown in Table I. Chromatograms of untreated human plasma at 255 
and 205 nm are shown in Figs. 1 and 2, respectively. In Figs. 3 and 4, 
chromatograms obtained a t  255 and 205 nm, respectively, show typical 
profiles of ketoprofen in human plasma 1 hr following administration. 


The method is sensitive enough to reveal ketoprofen in concentrations 
as low as 0.1 pg/ml of body fluids. Limits of error were in the range of 
f5.1% of the sample mean. Human plasma levels (mean f S E )  of keto- 
profen at 1 and 2 hr following administration were 3.2 f 0.4 and 2.8 f 0.3 
pglml, respectively. 


Reversed-phase HPLC is particularly useful for the analysis of body 
fluids because endogenous polar components elute first and column ef- 
ficiency is preserved. These characteristics permitted the development 
of an analytical procedure without time-consuming purification and 
extraction. In fact, it was sufficient to remove plasma protein that could 
subsequently interfere with the efficiency of the analytical system. 


Body fluids other than plasma and inflammatory exudate were ex- 
amined including human synovial fluid and rat bite, feces, and urine for 
which, however, further extraction and purifications steps were neces- 
sary. 


Although 255 nm was used for quantitative evaluation, examination 


Figure 2-Chromatogram 
of untreated deproteinized 
human plasma. IJV moni- 
toring was at 205 nm. 


0 
MINUTES 


35 


Figure 4-Chromatogram of deproteinited human plasma 1 hr after 
oral administration of ketoprofen. UV monitoring was at 205 nm. 
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of samples a t  205 nm gave interesting qualitative information on the 
presence of metabolites of ketoprofen. In fact, a t  205 nm, the number of 
metabolites detected was greater than a t  255 nm. Such metabolitesshow 
a kinetic behavior quite dissimilar from that of ketoprofen. Previous work 
(5) supports the assumption that area peaks (detected at  205 and 255 nm) 
having a retention time longer than that of ketoprofen can be referred 
to hydroxylated metabolites whereas area peaks detectable only a t  205 
nm can be referred to compounds with modified unsaturated system. 


This procedure appears to be useful for studies of separatiim and 
characterization of these metaholites. It also has the advantage of rapidity 
since a technician can process 20-30 samples in 1 day with an automatic 
sampler and a minimum of active involvement. In conclusion, high sen- 
sitivity, specificity, and rapidity, coupled with the ability to separate 
unchanged ketoprofen from its metabolites, make this procedure par- 
ticularly suitable for study of the pharmacokinetics of ketoprofen in 
humans. 
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Abstract In general, light-sensitive tablets exhibit discoloration in 
the surface layer(s) only. A case is discussed where a quantitative inter- 
action between a drug, ethinyl estradiol (in a combination tablet con- 
taining norethindrone and ethinyl estradiol), and a dye (FD&C Red No. 
3) occurs, and discoloration exists throughout the tablet. The data suggest 
that accelerated light studies should be carried further than those dic- 
tated by predictive periods so that equilibrium levels can be deduced. 


Keyphrases 0 Norethindrone-stability in tahlets, effect of FD&C dyes 
0 Ethinyl estradiol-stability in tablets, effect of FD&C dyes Dyes, 
FD&C-effect on stability of norethindrone and ethinyl estradiol in 
tablets 0 Stability-norethindrone and ethinyl estradiol in tablets, effect 
of FD&C dyes a Tablets-norethindrone and ethinyl estradiol, effect 
of FD&C dyes on stability 


Drug stability in solution can be affected adversely by 
the presence of a colorant (1). Since colors are used rou- 
tinely to identify solid dosage forms, a study was initiated 
to determine whether such reactions could occur with 
compressed tablets. Although there are no cornpendial or 
regulatory procedures to evaluate the effect of light, pre- 
vious reports (2) correlated accelerated light studies with 
ordinary room light exposure. 


Reported interactions between light and substances in 
solid dosage forms usually were confined to the top layer(s) 
of the tablet (3-5) and occurred when a single component 
was photosensitive. Photo-induced drug interactions in 
solid form have not been reported. 


This report presents results of studies on the stability 
of norethindrone and ethinyl estradiol in uncolored com- 
pressed tablets as well as in tablets containing selected 
FD&C colorants when exposed to  accelerated light 
stress. 


EXPERIMENTAL 
Tablets-All tablcts contained 0.5 mg of norethindrone and 0.035 mg 


of ethinyl estradiol and were prepared with the same excipients by clas- 
sical granulation techniques. Three formulas were prepared: pink, con- 
taining 4.5 pg of erythrosine (FD&C Red No. 3)/tablet; white, containing 
no colorant; and orange, containing 30 pg of the disodium salt of l -p -  
sulfophenylazo-2-naphthol-6-sulfonic acid (FD&C Yellow No. 6)/tab- 
let. 


The dyes were added in a methanolic solution to the basic excipient 
system. The uncolored tablets were processed with the same amount of 
methanol as used in the tablets containing a colorant. All tablets were 
then dried, screened, lubricated, blended, and compressed in similar 
fashions. 


Analytical Methods-Single tablets were disintegrated and then 
dissolved in a homogenizer with methanol as the solvent. The solution 
containing the dissolved steroids was filtered and divided into two 


3 0 1  \ I 


DAYS 
Figure l--Ethinyl rstradiol assays as a functton of time (left scale, open 
c i rcks )  and standard error of thr  assay mcan as a function of time (right 
scale, closed circles). 
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Abstract o The effect of sulfisoxazole on the time course of free (un- 
hound) bilirubin concentrations in plasma was studied. Normal adult 
rats were made hyperbilirubinemic by continuous intravenous infusion 
of bilirubin. Sulfisoxazole was administered by either rapid intravenous 
injection or slow intravenous infusion, and the plasma concentrations 
of free and total (free plus bound) unconjugated bilirubin were deter- 
mined as a function of time. Rapid injection of sulfisoxazole caused a 
rapid and pronounced decrease of total bilirubin concentrations in plasma 
but had only a transient effect on the concentration of free bilirubin. Slow 
infusion of sulfisoxazole caused a gradual and eventually pronounced 
decrease of total bilirubin concentrations in plasma but had no apparent 
effect on the concentration of free bilirubin a t  any time. These results 
are consistent with recently developed pharmacokinetic theory according 
to which the plasma clearance of total bilirubin should increase upon 
administration of a displacing agent while the plasma clearance of free 
bilirubin should remain unchanged. Bilirubin-induced encephalopathy 
caused by sulfisoxazole or other displacing agents may be due to very 
transient elevations of free bilirubin concentrations in plasma of infants 
with elevated plasma concentrations of total bilirubin and the consequent 
redistribution of the pigment to extravascular sites, including the 
brain. 


Keyphrases Sulfisoxazole-effect on pharmacokinetics of bilirubin 
in hyperbilirubinemic rats o Pharmacokinetics-bilirubin in hyperbi- 
lirubinemic rats, effect of sulfisoxazole Bilirubin-pharmacokinetics 
in hyperbilirubinemic rats, effect of sulfisoxazole 0 Antibacterials- 
sulfisoxazole, effect on pharmacokinetics of bilirubin in hyperbilirubi- 
nemic rats 


Administration of sulfisoxazole to premature infants 
with neonatal jaundice has caused kernicterus (brain 
damage), often with fatal outcome (1 ,  2). Typically, this 
effect has been associated with a decrease of bilirubin 
concentrations in plasma. The  same phenomenon was 
observed in rats with unconjugated hyperbilirubinemia (3). 
Sulfisoxazole is a potent displacer of plasma protein-bound 


bilirubin (4), and some of this displaced bilirubin is redi- 
stributed to extravascular sites, including the brain where 
i t  exerts its toxic effect (5). 


Previous in vivo studies of the interaction between 
sulfisoxazole and bilirubin were limited by the lack of 
suitable methodology for the determination of free (un- 
bound) unconjugated bilirubin in plasma. The more re- 
cently developed reaction rate method (6) permits deter- 
mination of free bilirubin in undiluted plasma under 
clinically realistic conditions, i e . ,  a t  bilirubin to albumin 
molar ratios of less than unity (6 ,7) .  Therefore, an inves- 
tigation was initiated to explore the kinetics of the inter- 
action between sulfisoxazole and bilirubin in rats with 
experimental unconjugated hyperbilirubinemia, with 
emphasis on the temporal pattern of free and total (sum 
of free and protein-bound) unconjugated bilirubin con- 
centrations in plasma and total unconjugated bilirubin 
concentrations in erythrocytes before and after intrave- 
nous injection or infusion of sulfisoxazole. 


BACKGROUND 


Bilirubin is eliminated almost entirely by conjugation in the liver and 
subsequent excretion of the conjugates in the bile and urine (8). The total 
plasma clearance of bilirubin is about 10% of the plasma perfusion rate 
of the liver (91, and the concentration of total bilirubin in erythrocytes 
is about 1096 of the concentration in plasma of rats with experimental 
hyperbilirubinemia under otherwise normal physiological conditions 
(Ref. 10 and results of this study). Therefore, the following pharmaco- 
kinetic relationships may be expected to apply (11): 


TC = f p k ”  (Eq. 1) 


C, = Ra/TC (Eq. 2) 


f,C, = R”/k” (Eq. 3) 
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where TC is the total plasma clearance, k“ is the intrinsic clearance (re- 
flecting the activity of the enzyme systems involved in the rate-deter- 
mining steps of bilirubin conjugation), f p  is the free fraction of bilirubin 
in plasma (i.e., the ratio of free to total bilirubin Concentrations), C ,  is 
the steady-state plasma concentration of total bilirubin, fPCm is the 
steady-state plasma concentration of free bilirubin, and Ro is the sum 
of the production and infusion rates of bilirubin. When the infusion rate 
is sufficient to produce marked hyperbilirubinemia in normal animals 
(as in this study), Ro = infusion rate. 


Equation 1 was confirmed experimentally in rats (12). Accordingly, 
administration of a displacing agent, resulting in an increased f p ,  should 
cause a decrease of C, (Eqs. 1 and 2) but should have no effect on the 
steady-state plasma concentration of free bilirubin as long as the dis- 
placing agent has no effect on k’’ (i.e., on the activity of the enzyme sys- 
tems responsible for the biotransformation of bilirubin). This prediction 
was confirmed with respect to salicylic acid (10). From a toxicologic point 
of view, pharmacokinetic studies of interactions between bilirubin and 
displacing agents should focus particularly on the temporary perturba- 
tions of bilirubin kinetics and not solely on the steady state before and 
after (or during continued) administration of the displacing agent. The 
investigation of the interaction between bilirubin and sulfisoxazole de- 
scribed here was designed on the basis of these considerations. 


EXPERIMENTAL 


Male Sprague-Dawley rats’, 36CL-460 g, were maintained on a standard 
diet2. Two days before an experiment, a silicone rubber-polyethylene 
cannula was placed permanently in the right jugular vein to facilitate 
intravenous infusion, injection, and frequent withdrawal of blotd samples 
(13,14). On the day of an experiment, a solution of bilirubin and sodium 
taurocholate (1:l.l weight ratio, in 0.7% sodium chloride adjusted to pH 
7.4) was infused a t  a rate of 0.8 mg of bilirubin/kg/min for 15 min and then 
a t  0.32 mg of bilirubin/kg/min for 105 min. 


Half of the r a b  then received an intravenous injection of sulfisoxazole, 
40 mgikg, in 0.5 ml of pH 7.4 phosphate huffer, and the infusion was 
continued for an additional 120 min with bilirubin, 0.32 mg/kg/min, and 
sulfisoxazole, 0.20 mg/kg/min. The other rats received the same bilirubin 
infusion regimen for the first 2 hr, followed by an infusion of sulfisoxazole, 
0.44 mg/kg/min, and bilirubin, 0.32 mg/kg/rnin, for the next 2 hr. About 
1 week later, crossover experiments were performed. All infusion 
equipment, including syringes and cannulas, was covered with aluminum 
foil to protect bilirubin from light. 


Heparinized blood samples (0.6 ml) were collected at  1, 1.5, and 2 hr 
and then again a t  15,30,60, and 120 min after the sulfisoxazole injection 
or the start of the sulfisoxazole infusion. An additional blood sample was 
obtained 5 min after the sulfisoxazole injection. Considerable care was 
taken to obtain “mainstream” blood samples uncontaminated by the 
bilirubin infusion solution (14). Plasma and erythrocytes were separated 
by centrifugation and analyzed for free (4, 6) and total unconjugated 
bilirubin (15) and for sulfisoxazole (16). Whole blood concentrations of 
unconjugated bilirubin were calculated from the concentrations in plasma 
and erythrocytes and the fractional volumes of these phases in whole 
blood. 


RESULTS 


The bilirubin infusion schedule resulted in steady-state plasma con- 
centrations of total bilirubin between 5.7 and 10.3 mg/100 ml until sul- 
fisoxazole was administered. The total bilirubin concentration in plasma 
decreased rapidly and substantially from 7.43 f 1.91 mg/100 ml (mean 
f S D )  immediately before sulfisoxazole injection to4.10 f 1.24 mg/100 
m15 min after injection ( p  < 0.02) and then increased slightly as sulfi- 
soxazole concentrations in plasma declined with time (Fig. 1). The con- 
centration of free bilirubin increased about threefold immediately after 
sulfisoxazole injection but returned to the presulfisoxazole level soon 
thereafter. This temporary increase occurred in all four rats but differed 
significantly in magnitude among animals. Therefore, four additional 
animals were studied. 


The average (f S D )  concentration of free bilirubin in the plasma of 
all eight rats immediately before sulfisoxazole injection was 3.4 f 0.8 
pg/100 ml; it increased to 12.6 f 10.2 pg/lOO m15 min after sulfisoxazole 
injection ( p  < 0.05 by paired t-test; p < 0.004 by sign test). The concen- 
tration of total unconjugated bilirubin in whole blood decreased from 


Blue Spruce Farms, Altamont, N.Y. 
Charles River Formula 4RF. 


0) 


16 


12 


8 


4 


U 


I I I I -  
0 1 2 3 4 


HOURS 


Figure 1-7’ime course o f  free bilirubin (O),  total bilirubin (01, and 
su/fisoxazole ( 0 )  concentrations in  plasma of four rats with experi- 
mental unconjugated hyperbilirubinemia. The  arrow indicates the time 
of injection of sulfisoxazole, 40 mglkg. Following the injection, sulfi- 
soxazole was infused at a rate of 0.20 mglkglmin. 


4.54 f 1.06 immediately before to 3.12 f 1.02 mg/100 ml 5 min after 
sulfisoxazole injection ( p  < 0.05). 


Slow infusion of sulfisoxazole over 2 hr resulted in a gradual decrease 
in the total bilirubin concentration while the concentration of free bili- 
rubin remained essentially constant a t  all times (Fig. 2), but blood was 
not sampled 5 min after the start of the sulfisoxazole infusion. The total 
bilirubin concentration in plasma a t  the end of the 2-hr sulfisoxazole 
infusion was significantly lower than immediately before the start of the 
infusion ( p  < 0.005). An examination of the data shows that a given sul- 
fisoxazole concentration produces the same quantitative decrease in the 
concentration of total bilirubin in plasma whether sulfisoxazole con- 
centrations were decreasing (after injection) or increasing (during infu- 
sion) with time (Fig. 3). 


The total bilirubin concentrations in the erythrocytes during the sul- 
fisoxazole injection and infusion experiments are listed in Table I. These 
concentrations increased upon administration of sulfisoxazole, indicating 
a shift of bilirubin from plasma to erythrocytes. Notably, the elevation 
of erythrocyte bilirubin concentrations persisted for the duration of the 
experiments. 


DISCUSSION 


The results of this investigation are consistent with and confirm the 
applicability to  hiliruhin of the pharmacokinetic relationships repre- 
sented by Eqs. 1-3. The plasma concentration of total bilirubin decreased 
upon administration of sulfisoxazole. The magnitude of this effect in- 
creased with increasing concentrations of sulfisoxazole, consistent with 
the concentration-dependent displacing effect of this drug on plasma 
protein- bound bilirubin (4). On the other hand, the concentration of 
unbound bilirubin remained constant, except for a temporary increase 
immediately after injection pending reestablishment of the steady state. 
This finding indicates that sulfisoxazole had no effect on the intrinsic 
clearance, k”, of bilirubin under the conditions of this investigation. 


Direct and indirect evidence indicates that the concentration of free 
rather than total bilirubin in plasma determines, among other factors, 
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Figure 2-Time course of free bilirubin (O), total bilirubin (O),  and 
sulfisoxazole (0) Concentrations in plasma of four rats with experi- 
mental unconjugated hyperbilirubinemia. The arrow indicates the 
beginning of an infusion of sulfisoxazole a t  a rate of 0.44 mglkglmin. 


the risk of brain damage in hyperbilirubinemic infants (17). Based on the 
results of this investigation, the bilirubin-induced encephalopathy caused 
by sulfisoxazole or other drugs capable of displacing bilirubin from 
plasma albumin is probably due to transient elevations of free bilirubin 
concentrations in plasma of jaundiced infants associated with pertur- 
bation of steady-state conditions and the consequent redistribution of 
hilirubin from plasma to other sites. These other sites include the brain 
(5) and erythrocytes. 
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Figure 3-Rehtionship between the pLasma concentrations of total 
bilirubin and sulfisoxazofe after rapid injection (0) and during infusion 
(A) afsulfisoxazole. Each data point represents the mean of four ani- 
mals. 


Table I-Effect of Sulfisoxazole Injection or Infusion on Total  
Bilirubin Concentration in  Erythrocytes of Ra t s  with 
Experimental  Unconjugated Hyperbilirubinemia 


Concentration, mgh00 ml 
(mean f SD, n = 4) 


Hours Injection Infusion 


1.0 
1.5 
2.0 
2.08 
2.25 
2.5 


0.84 f 0.13 
0.76 f 0.07 
0.71 f 0.08 
1.77 f 0.70" 
1.58 f 0.39" 
1.57 f 0.44" 


0.80 f 0.13 
0.74 f 0.03 
0.82 f 0.16 


b - 
1.31 f 0.26" 
1.62 i 0.38" ~ ~~ ~ 


3.0 1.48 f 0.38" 1.42 f 0 .2 i~  
4.0 1.47 f O.4Sa 1.41 f 0.28" 


a Statistically significantly different from control (1.0-2.0 hr) period, p < 0.005. 
No blood sample wau taken at this time. 


As in a previous study with salicylate (lo), the elevated concentrations 
of bilirubin in the erythrocytes persisted throughout the experiment (i.e., 
for at least 2 hr), unlike the total bilirubin concentrations in plasma which 
reversed readily as drug concentrations declined (Figs. 1 and 3). Studies 
in hyperbilirubinemic rats and in human infants have shown persistence 
of bilirubin in the brain (18). Precipitation of the very poorly water-sol- 
uhle pigment in the brain and erythrocytes may be responsible for this 
persistence; crystals of bilirubin have been found in both tissues (19, 
20). 


The results of this investigation suggest that  clinical assessment of 
jaundiced infants may be facilitated by the determination of bilirubin 
concentrations in erythrocytes in addition to the determination of the 
free bilirubin concentration in plasma, particularly if the patients have 
been treated with drugs that can displace bilirubin from binding sites 
on plasma proteins. The potential usefulness of this procedure will have 
to be assessed in a prospective clinical trial. 


The effects of salicylic acid (10) and sulfisoxazole on the plasma protein 
binding and pharmacokinetics of hiliruhin are similar in most respects 
but strikingly different in one: rapid intravenous injection of salicylate 
was not associated with an elevation of free bilirubin concentrations in 
plasma 5 min later (10) while sulfisoxazole injection caused a pronounced, 
though temporary, rise in these concentrations under the same conditions 
(Fig. 1). The diffusion of free bilirubin from plasma to extravascular sites 
(but apparently not from plasma to erythrocytes) appears to be slower 
after injection of sulfisoxazole than after injection of salicylate. The 
relevance of this observation to the induction of encephalopathy by bi- 
liruhin and the mechanism of the apparent difference in the distribution 
kinetics of hiliruhin in the presence of salicylate or sulfisoxazole remain 
to be determined. 
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A b s t r a c t  0 Minophylline (theophylline ethanoate of  piperazine) and 
aminophylline (theophylline ethylenediamine) were determined spec- 
trophotometrically in dosage forms without interference from excipients 
and/or preservatives. A mixture of minophylline, in about  30-fold con- 
centration, with phenobarbital was assayed for both components with 
good accuracy and high reproducibility. 


Keyphrases  0 Minophylline-spectrol~hotometric analysis in phar- 
maceutical formulations 0 Aminophylline---spectrophotometric analysis 
in pharmaceutical lormulations 0 Spectrophotometry-analyses, mi- 
nophylline and aminophylline in pharmaceutical formulations o Di- 
uretic-vasodilators---minophylline, spectrophotometric analysis in 
pharmaceutical formulations a Relaxants, smooth muscle-amino- 
phylline, spectrophotometric analysis in pharmaceutical formulations 


The  assay of binary mixtures in pharmaceutical for- 
mulations is challenging. One example is minophyllinel 
and phenobarbital mixtures, especially when the latter 
component is present in small amounts. The  interference 
of excipients and/or preservatives increases the severity 
of the problem. 


B A C K G R O U N D  


T h e  various methods dealing with the correction of interfering ah-  
Sorbances were reviewed ( I ,  2). The  correction of linear interferance can 
be carried o u t  graphically (3)  o r  algebraically (4-7). By applying the al- 
gebraic version to the correction o f  linear impurity absorption, the con- 
centration, C,  can be determined from: 


in which At ,  Az, and A:{ are the absorbances at  A,, A?, and An, respectively; 
E l ,  Es, and E:j are  the corresponding I-cm path length absorbances of  
a 1% solution. Dividing both numerator and denominator by ( A ,  - A:)) 
and substituting h for (A"  - AJ)/(AI - A,,) give the following equation afier 
simple rearrangement: 


AS - hA 1 - ( 1 - h )A : {  = CIEz - h E l  - ( 1  - h )BnJ (Eq. 2)  


Substitution of the left-hand term by corrected A ( A , )  and the second 
term in the right-hand side by K yields: 


A,. = CK (Eq.  3 )  


A linear relationship is obtained by plotting A, versus C.  
Another method for the correction of interfering absorbances is Glenn's 


method oforthogonal function (8), in which absorbance A is replaced by 
the coelficient o f  the orthogonal function, p,. This  coefficient is pro- 
portional to concentration. To extract the  coefficient o f a  given polyno- 
mial from an absorption curve, it is necessary to  obtain absorbances a t  


I T h e  theophylline ethanoate 01 piperazine. T h e  International Nonproprietary 
Name is acelylline piperazine. 


a number of equally spaced wavelengths. Thus, to extract the coefficient 
o f  the  quadratic polynomial p 2 .  for example, six absorbance measure- 
ments a t  six equally spaced wavelengths are  needed. By plotting the  p2 
a t  different intervals uersus A,,, ( the mean set  ofwavelengths), a convo- 
luted absorption curve is obtained (9). 


T h e  present paper reports the determination of minophylline in the 
presence o f t h e  tablet base, sweetening agent, coloring agent, and pre- 
servatives usually existing in pharmaceutical preparations; the deter- 
mination of aminophylline in ampuls containing benzyl alcohol as  a 
preservative; and an assay for a minophylline-phenobarhital mixture 
in syrup. Determination of phenoharl)ital in this mixture is difficult since 
i t  is present in a small amount. 


E X P E R I M E N T A L  


Materials--Minophylline2 and aminophylline' standard solutions 
were at a concentration of 1 mg/ml in 0.1 N H?SO+ Phenobarbital sodi- 
um" standard solution was 1 mg/ml in water. Minophylline tablets", Batch 
7, contained 250 mg/taOlet; minophylline ampuls', Batch 29, contained 
200 mg/" ml. 


Minophylline-phenobarbital', Batch 101,004. contained 2.0 g of mi- 
nophylline and 0.06 g of phenoharl)ital/l00 ml. Aminophylline ampuls?, 
Batch SI52rD. contained 500 mg ofaminophylline/2 ml and 0.04 ml of 
benzyl alcohol a s  the preservative. 


Reagents-Analytical grade 0.1 N H"S04, 0.5 N NaOH, 0.25 M 
Na"CO,, (anhydrous), 0.25 M NaHCO:!, and alcohol were used. 


Instruments-A photoelectric spectrophotometer~ with I-cm silica 
cells was used. 


Procedures-Standard Curws  /or Minophvlline a n d  Aminophylline 
(!.sing A, Me.thod-Different solutions containing 0.3,0.6,0.9, 1.2, 1.5, 
and 1.8 mg% minophylline were prepared by dilution with 0.1 N H2S04. 
T h e  absorbance oleach solution was measured a t  A 1  246 nm, At, 274 nm, 
and A.3 295 nm.  


For aminophylline, the concentrations prepared were 0.:1,0.6,0.9, 1.2, 
1.5, 1.8, and 2.1 mg%; AI, A?, and A:! were 242, 270, and 287 nm, respec- 
tively. T h e  A, for each concentration of minophylline or  aminophylline 
was calculated. 


S tandard  Curur /or Minophylline Using p2 Meihod--The ahsorb- 
ances o f  the same solutions were measured a t  266,270,274,278,2X2, and 
2% nm. T h e  coefficient p2 for each concentration was calculated. 


S tandard  C'urvc. /or Phcnoharbital Applying J A Mf~lhud-Two sets 
of solutions were prepared so that each contained 0.5, 1,  1.5. 2, 2.5,:3,3.5, 
4,4.5, and 5 mg o/u phenobarbital. One set  was prepared in 0.1 N NaOH 
(Solution A), and the other was prepared in a mixture of 0.025 M Na'CO;, 
(anhydrous) and 0.025 M NaHCO:{ (Solution B).  T h e  absorbance of So- 
lution B was measured a t  238 nm using Solution A as  a blank. Then  So- 
lution A was measured a t  260 nm using Soluiion B as  a blank. T h e  
E JA?;{8 and AA2fi0 for each concentration were calculated. 


Assay f o r  P h a r m a c e u t i c a l  Preparations-Minophylline Tab- 
[c4s--From powdered tablets (10 tablets were powdered and mixed), an 


2 Alexandria Company lor Pharmaceutical and  C'heinlcal Industries 
Hoehringer Ingelheim. Germany. 


4 VKH C'hernische Werk, Germany. 
5 Burroughs Wellcome and ('0. 


Prolabo. Paris. France. 
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tablets, except for Tablet F under fasting condition, and did not show 
any bioavailability difference between fasting and nonfasting states. 
Tablet F, which had poor bioavailability after fasting, became equivalent 
in bioavailability with the other formulations when it was administered 
just after the standard breakfast. Possibly, the more violent movement 
of the tablet in the GI tract after food might have increased drug ab- 
sorption. 


2 4 6 0 10 20 40 6080100 200 


TIME OF 50% DISSOLUTION 
OR LAG TIME, min 


Figure 4-Correlation of in vitro parameters (time of 50% dissolution 
and lag time) with urinary excretion in vivo. Key: 0 ,  urinary excretion 
lag time; A, maximum urinary excretion rate; 0, time of maximum 
urinary excretion rate, and 0. cumulatiue amount excreted in urine for 
28 hr. These values were estimated by means of the urinary excretion 
of unchanged compound. 


the nonequivalent tablets. Since only one tablet was detected as non- 
equivalent in this study, the critical point could not be determined clearly. 
However, an approximate critical T m  point appeared to be more than 
50 min. The critical value occurred surprisingly late, even though the in  
uitro rates were determined by the dissolution method that had the most 
vigorous agitating, dispersing, and destructive intensities among the seven 
methods studied. 


Effect of Food on Bioavailability-The relative bioavailability of 
the powder and Tablet F was studied under fasting and nonfasting con- 
ditions. Table I11 shows the bioavailability parameters compared by the 
paired t test. The powder showed equivalent bioavailability with the 


CONCLUSIONS 


Film-coated I tablet absorption in humans is related to dissolution. 
The dissolution device that correlated well with bioavailability was one 
with a comparatively violent destructive force for the coated tablet film 
and high test medium agitation. The test medium pH must also be con- 
sidered because dissolution of certain tablet coatings was pH depen- 
dent. 
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Abstract 0 Systematic structural modifications were performed on the 
natural sesquiterpene lactone tenulin to define those groupings essential 
to, or significant in, i t s  in oiuo antitumor activity. Accordingly, the fol- 
lowing tenulin analogs were prepared: dihydrotenulin, 2,3-epoxytenulin, 
isotenulin, dihydroisotenulin, 2,3-epoxyisotenulin, and tetrahydrode- 
acetylisotenulin. Both the cyclopentenone and the hemiketal units in 
tenulin were necessary for high in oiuo activity. 


Keyphrases 0 Tenulin-antineoplastic activity, structure-activity 
relationships, in  uivo study 0 Antineoplastic activity-tenulin, struc- 
ture-activity relationships, in uiuo study 


The sesquiterpene lactone tenulin (I) is a major bitter 
principle in several species of the plant genus Helenium 
(Family Compositae) (14). High in uiuo tenulin antitumor 
activity toward the Ehrlich ascites and Walker 256 carci- 
nosarcoma screens and, to a lesser extent, toward P-388 
leukemia has been demonstrated (7, 8). The tenulin cy- 
clopentenone unit may act as a Michael acceptor in cellular 
enzyme essential sulfhydryl group alkylation. 


Tenulin forms a Michael addition product with L-cys- 
teine to give the zwitterionic compound I1 (7,8). The ad- 
duct 11, containing the cyclopentanone group, showed 84% 
activity loss toward the Ehrlich ascites screen, suggesting 
that a cyclopentenone unit is important for high activity. 
Low I1 activity also might be the result of lower solubility 
in lipid membranes. 


In the present study, the tenulin structure was modified 
in ways not significantly affecting drug transport. This 
structure-in oiuo antitumor activity work reveals those 
tenulin features necessary for high activity. 


RESULTS AND DISCUSSION 
Chemistry-Tenulin (I), isolated after extraction of Helenium am- 


arum (6,7), was subjected to catalytic hydrogenation conditions to give 
dihydrotenulin (111) (1). A new compound, 2,3-epoxytenulin (IV), was 
prepared in quantitative yield from tenulin upon brief treatment with 
cold, basic hydrogen peroxide solution. 2,3-Epoxytenulin, C17H2206 (by 
exact mass measurement), had a 194-197' melting point and IR ab- 
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sorption at  3575 (OH), 1770 (7-lactone), and 1750 (cyclopentanone) em-'. 
The UV spectrum revealed no enone absorption band a t  225 nm. 


The IV structure was confirmed by a high-resolution mass spectrum. 
Most significant of several fragment ions (see Experimental) were the 
molecular ion a t  m/p 322, an M+ - H20 ion at  rnle 304 indicating the 
presence of a hydroxyl group in IV, and the base peak a t  m/e 111 corre- 
sponding to the ion V. These and other peaks in the 2,3-epoxytenulin 
mass spectrum were easily interpretable in terms of Structure IV and 
principles recently put forth (9) regarding pseudoguaianolide mass 
spectra (9). 


The stereochemistry of the IV 2.3-epoxide was determined by circular 
dichroism (Table I). The negative Cotton effect a t  311 nm ([el = -6628) 
corresponded to the n - r* saturated ketone ahsorption and indicated 
a P-epoxide according to an inverse octant rule for epoxyketones de- 
scribed in the literature (lCbl2). This assignment for IV stereochemistry 
was supported by an analogous epoxidation reaction in the steroid series 
where 5a-androst-15-en-17-one yielded the corresponding 158,16fl- 
epoxy-17-ketone as the only product (13, 14). 


Tenulin and 5cu-androst-15-en-17-one molecular models revealed no 
definitive difference in steric hindrance between the molecular CY- and 
@-faces. Therefore, an orbital explanation for the exclusive @-epoxide 
production from tenulin was sought. Both molecular models and circular 
dichroism measurements (Table I and Ref. 10) indicated that the tenulin 
and 5tu-androst-15-en-17-one enone system was not planar but was 
skewed with the convex surface on the @-face (15,16). An application of 
the orbital distortion technique (17) to this situation indicated that the 
lobes of the lowest unoccupied enone molecular orbital were distorted 
toward the @-face. Therefore, the attacking hydroperoxide anion should 
prefer to approach from this direction, as was observed experimen- 


,tally. 
Isotenulin (VI), prepared from tenulin by a literature method (3), 


yielded dihydroisotenulin (VII)  (6) upon catalytic hydrogenation and 
2.3-epoxyisotenulin (VIII) (6) when briefly exposed to cold, basic hy- 
drogen peroxide solution. 2,3-Epoxyisotenulin, Cl7H2206. showed a 
negative Cotton effect at 312 nm (Table I)  for the n - i~*  ketone ab- 
sorption, indicating that the newly introduced oxygen atom was beta. 
TLC showed that VIII had a higher R/ value than IV. 


T o  prepare a derivative with a reduced ketone or lactone grouping, 
tenulin was reacted with sodium borohydride and with lithium aluminum 
hydride. In both experiments, low complex mixture yields were obtained. 
A stdium borohydride reduction of 111 produced more satisfactory results, 
giving, in low yield, a new compound. tetrahydrodeacetylisotenulin (IX). 
Compound IX, CL5H2404. mp 161-163', showed IR absorption a t  3400 


Table  I-Ketone n - r' Cotton Effects for  Tenulin and  
Derivatives 


Comoound A,.. . nm lOl  
I 


v1 
iv 


VIII 


329 
330 
31 1 
312 


-3169 
-4850 
-6628 
-9383 


(OH) and 1755 (y-lactone') cm-1. The IX mass spectrum indicated the 
molecular ion a t  m/e 268 (M+) and fragment ions a t  mle 250 (M+ - HzO) 
and 232 (M+ - 2Hz0). supporting the hypothesis of two hydroxyl groups. 
The NMR spectrum of IX (detailed under Experimental) was completely 
in accord with the assigned structure. Presumably, IX was formed in this 
reaction by sequential ketone reduction, retro-aldol cleavage of the 
hemiketal, and reductive cleavage of the resulting acetate ester. 


Biological Evaluation-Tenulin and the prepared derivatives were 
assayed for in uiuo antitumor activity in Sprague-Dawley rats implanted 
with Walker 256 ascites carcinosarcoma cells and in DBAl2 mice im- 
planted with P-388 lymphocytic leukemia according to published pro- 
cedures (7) (Table 11). Only tenulin showed significant activity in the 
P-388 screen. Since changes in activity are more pronounced in the sen- 
sitive Walker 256 screen, the following structure-activity relationship 
discussion focuses on those data. 


Within the tenulin series (I, 111, and IV), modification of the cyclo- 
pentenone ring by hydrogenation to 111 or epoxidation to IV was ac- 
companied by decreased antitumor activity. Although less dramatic, this 
trend was evident also in the isotenulin series (VI-VIII) where both VII 
and VIII are less active than VI. These results confirmed that the tenulin 
and isotenulin cyclopentenone unit is needed for high in uiuo antitumor 
activity. These conclusions are in accordance with those of Hall et al. (7) 
and Lee et a/. (8), who demonstrated the tenulin cyclopentenone unit 
S-alkylating ability and related this reactivity to the action mechanism 
of antitumor agents bearing this enone system. 


Compounds I11 and IV have nearly identical activities, as do VII and 
VIII. Furthermore, the epoxides IV and VIII, themselves potential al- 
kylating agents, nevertheless showed decreased antitumor activity when 
compared to their progenitors 1 and VI, respectively. These observations 
suggest that  in the tenulin-isotenulin series, the marginally active cy- 
clopentenone epoxides are not acting significantly as S-alkylating agents 
in uioo. 


Other systematic comparisons revealed the importance of the hem- 
iketal unit to high antitumor activity. Within the hemiketal present- 
hemiketal absent pairs of I and VI, 111 and VII, and IV and VIII, the 
compound with the hemiketal intact was more active than its acetate ester 
counterpart. The hemiketal hydroxyl grouping may hydrogen bond the 
sesquiterpene antitumor agent to the cellular receptor site. 


Tetrahydrodeacetylisotenulin (IX) inactivity supported the postulates 
regarding cyclopentenone and hemiketal importance to antitumor ac- 
tivity in the tenulin series. 


EXPERIMENTAL' 


In  Vivo Tumor Screens-In uiuo tumor screens (Walker 256 ascites 
carcinosarcoma and P-388 lymphocytic leukemia) were performed ac- 
cording to published procedures (7). In the Walker 256 ascites carcino- 
sarcoma screen, 106 tumor cells were implanted into 80 f 10-g 
Sprague-Dawley male rats. In the P-388 lymphocytic leukemia screen, 
10" cells were implanted into DBAA male mice (-18 g) on Oay 0. 


Test compounds were homogenized in 0.0596 polysorbate %water and 
injected a t  2.5 mglkglday ip for the rats and a t  25 mg/kg/day ip for the 
mice. The day of death was recorded, and the treatedlcontrol (TlC) values 
for the average days survived were calculated according to the National 
Institutes of Health protocol 1.500 (18). Melphalan and fluorouracil were 
used as positive standards in these screens. Controls with 0.05% poly- 
sorbate 80-water give T/C = 100. 


Isolation of Tenulin (I) from H. amarum*-A 476-g sample o f  H. 


I Melting points were determined on a Thomas-Hoover apparatus and are cor- 
rected. IR spectra were determined with a Perkin-Elmer model 700 recording 
s ectrophotometer. The circular dichroism curves were taken with methanol as 
tEe solvent, c = glml, using a Car 60 instrument. Elemental analyses were 
performed by Galbraith Laboratories, 6noxville. Tenn. 


2The plant material was identified as Helenium amarum (Raf.) H.  Rock 
(Compositae) h Dr Gene S Van Horn, Department of Biology. University of 
Tennessee at Clatknooga. A voucher specimen (HAM-81074-FAR) is available 
for inspection at the Department of Chemistry. University of Tennessee at Chat- 
tanooga. 
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Table 11-Antitumor Activity of Test Compounds 
Walker 256 Ascites P-388 Lymphocytic Leukemia 


ComDound Average Days Survived TIC Average Days Survived TIC b 


I 
I11 
IV 
VI 


v I i  
VIII 


IX 
MelphalanC 
Fluorouracild 


22.1618.33 
24.0116.3 
13.419.6 
14.619.6 
21.0116.3 
16.5113.0 
15.9115.6 
23.017.25 
- 


266 
147 
140 
152 
129 
127 
102 
317 
- 


13.8110.2 
9.5110.2 


12.4110.2 
11.5/10.2 
11.5l10.2 
11.8110.2 


19.7110.6 


- 
- 


135 
93 


122 
113 
113 
116 
- 
- 
186 


0 Six animals were used per group. * T/C 2 125% for minimum significant activity. Wellcome Research Laboratories, Research Triangle Park, N.C. Calbiochem, 
La Jolla. Calif. 


amarum (Raf.) H. Rock leaves and stems3 was cut into 1.27-cm pieces 
and extracted with chloroform by maceration for 4 days a t  room tem- 
perature. After decanting, the plant material was extracted twice in the 
same manner. The combined extracts were evaporated to dryness, leaving 
a dark-green tar (48.6 9). The crude extract was stirred for 30 min with 
400 ml of water-ethanol (3:l) and filtered through diatomaceous 
earth. 


The aqueous filtrate was extracted with five 100-ml portions of chlo- 
roform, and the combined organic phase was dried over anhydrous 
magnesium sulfate. Filtration and evaporation in uucuo left 19.4 g of the 
final extract as an amber oil. Trituration of this oil with benzene gave 6.27 
g of crude I (mp 181-183"), which was recrystallized from ethanol-water, 
mp 186-188" [lit. (4) mp 184-186'); IR (CHC13): 3600-3200 (OH), 1770 
(y-lactone). 1705 (cyclopentenone), and 1590 (C=C) cm-'; UV (ethanol): 
225 (t 8215) nm; circular dichroism (methanol): [el329 -3169. 


Anal.4-Calc. for C, 67.91; H, 7.21. Found: c ,  
67.94; H, 6.90. 


A direct comparison of this material with authentic I5 established its 
identity. The mixed melting point of this sample was not depressed 
compared to authentic tenulin, the IR spectra were superimposable, and 
the two samples (mixed or separated) cochromatographed on TLC in 
numerous solvent systems. The NMR spectrum was identical to pub- 
lished I spectra. 


Tenulin used in the experiments described in this paper showed one 
spot on TLC (R, 0.50,20% acetone in chloroform, silica gel). 


Dihydrotenulin (111)-Tenulin (0.500 g) was hydrogenated in 25 ml 
of ethanol containing 0.20 g of 5% palladium-on-charcoal to give I11 (0.415 
g), mp 1'70-171" [lit. (1) mp 172"); IR (CHC13): 1760 (y-lactone) and 1740 
(cyclopentanone) cm-'. 


2.3-Epoxytenulin (1V)-To 0.203 g of I in 5 ml of methanol a t  0" was 
added dropwise, with constant stirring, a solution containing 0.25 ml of 
30% hydrogen peroxide, 0.60 ml of water, and 0.041 g of sodium carbonate. 
The cooled reaction mixture was stirred for 10 min, and 10 ml of distilled 
water was added. This aqueous solution was extracted with two 20-ml 
portions of chloroform, and the combined organic phase was dried 
(magnesium sulfate), filtered, and evaporated to dryness under reduced 
pressure. 2,3-Epoxytenulin was isolated as a clear glass in quantitative 
yield and showed a single circular spot on TLC in various solvent sys- 
tems. 


Efforts to crystallize this material were initially unsuccessful due to 
extensive decomposition. However, a crystalline sample of IV, mp 
194-197'. was eventually obtained in low yield; IR (CHC13): 3575 (OH), 
1770 (y-lactone), and 1750 (cyclopentanone) an-'; circular dichroism 
(methanol): -6628; mass spectrum (9): mle 322.1412 (M+), calc. 
for C17HnO6,322.1416; 307 (M+ - CHS), 304 (M+ - H20). 280,279,262, 
261,251,235,234,233,207,191,189,163,137,135,124,123,122,and 111 
(base peak). 


Isotenulin (V1)-Isotenulin was prepared in 82% yield from tenulin 
(3). The product VI was recrystallized from benzene-ether mixtures to 
give material with a melting point of 154-156' [lit. (2) mp 152-153"); IR 
(CHCl3): 1760 (7-lactone), 1750 (OAc), 1705 (cyclopentenone), and 1580 
( C 4 )  cm-'; circular dichroism (methanol): (01330 -4850. 


Dihydroisotenulin (VI1)-Isotenulin (0.500 g) was hydrogenated 
in 25 ml of ethanol containing 0.231 g of 5% palladium-on-charcoal to give 
VII (0.441 g), mp 148-149" [lit. (6) mp 147-149OI; IR (CHCb): 1740-1760 
cm-1, unresolved. 


3 Collected in Bledsoe County, Tenn. 
4 The ability of tenulin to form strong associations with benzene is in accord with 


6 Supplied by Dr. W. Herz, Florida State University. 
results of Ungnade and Hendley (2). 


2,3-Epoxyisotenulin (VIII)-2,3-Epoxyisotenulin was prepared in 
74% yield from VI by the method of Lucas et a(.  (6), who obtained the 
product as an amorphous glass. The solid reaction product in the present 
case was crystallized from ethyl acetate-ether to give material with a 
148-149" melting point; IR (CHC13): 1785-1755 and 1720 (shoulder) 
cm-'; circular dichroism (methanol): [8]312 -9383. 


Anal.-Calc. for C17H2206: C, 63.35; H, 6.83. Found: C, 63.53; H, 
7.01. 
Tetrahydrodeacetylisotenulin (1X)-To 0.415 g of I11 in 10 ml of 


methanol was added 0.316 g of sodium borohydride in portions with 
constant stirring. After 45 min a t  room temperature, the reaction mixture 
was diluted to 50 ml with distilled water and extracted with three 25-1111 
portions of chloroform. The combined organic phase was washed once 
with 25 ml of water, dried (magnesium sulfate), filtered,and evaporated 
to dryness under reduced pressure. The crude, oily product (0.321 g) 
showed four components on TLC and was chromatographed on a column 
of silica gel (1.5 X 36 cm), eluting with chloroform followed by 20% acetone 
in chloroform. 


From the later fractions, IX (20 mg) crystallized, mp 162-163'; IR 
(CHCI3): 3400 (OH) and 1755 (y-lactone) cm-'; NMR (CDC13): 6 1.14 


11-CH3), 3.24 ( lH ,  m, H - l l ) ,  4.10 ( lH ,  br. H-4). 4.18 ( lH ,  d , J  = 6 Hz, 
H-6), and 4.84 ( lH,  triplet of doublets, J = 3 , l l  Hz, H-8); mass spectrum; 
mle 268.1675 (M+), calc. for C15H2404. 268.1673; 250 (M+ - H20), 235 


150,136,120,117,104,103, and 102. 
Anal.-Calc. for C1sH2404: C, 67.16; H, 8.96. Found: C, 67.24; H. 


9.03. 
Earlier fractions from the crude reaction product chromatography 


yielded 3 mg of a second crystalline compound whose IR spectrum (3450, 
1760, and 1720 cm-1) was consistent with that expected for tetrahy- 
droisotenulin, a possible intermediate in the production of IX. 


(3H, S, 5-CH3), 1.16 (3H, d ,  J = 7 Hz, 10-CH3), 1.46 (3H. d, J = 7 Hz, 


(M+ - H20 - CHj), 232 (M+ - 2H20), 224 (M+ - COs), 208,191,178, 
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Abstract  0 An assay was developed for determining mefloquine (qui- 
nolinemethanol) and pyridinemethanol derivative concentrations in 
whole hlood. The method involved ion-pair extraction or usual solvent 
extraction for drug recovery from whole blood followed by trimethylsi!- 
ylation. The silylated compounds were then submitted to CLC with 
electron-capture or  flame-ionization detection. Mass spectrometry 
combined with GLC of' the trimethylsilyl derivatives indicated that 
substitution of one trimethylsilyl group had occurred on the hydroxyl 
group. A phenyl methyl silicone column with temperature programming 
separated the drugs from normal b l t d  extracts. The determination limit 
was 10 ng/ml of whole blood when an electron-capture detector was used 
with ion-pair extraction. Quantitation was achieved by using one anti- 
malarial as an internal standard for the assay of the other. The utility of 
the present method was demonstrated by following the whole blood level 
time course after a single oral 250-mg tablet in beagle dogs. 


Keyphrases 0 Mefloquine-analysis, GLC, blood 0 Pyridinernethanol 
derivatives-analysis, CLC, blood 0 Antimalarials-analysis, GLC, 
blwd 0 GLC, electron capture-analysis, mefloquine, pyridinemethanol 
derivatives, blood 0 GLC, !lame ionization-analysis, mefloquine, pyr- 
idinemethanol derivatives, blood 


Mefloquine ( I ) ,  ~~-erythro-tu-(2-piperidyl)-2,8-bis- 
(trifluoromethyl)-4-quinolinemethanol, is curative for 
drug-resistant falciparum malaria (1-3). This compound 
has an extremely long biological half-life and is distributed 
rapidly into the body tissue (4), suggesting that the amount 
of the drug circulating in blood is low and persistent. 


DL-threo-a- 2'- Piperidyl-244 - trifluoromethylpheny1)- 
6-trifluoromethyl-4-pyridinemethanol (11) is a new anti- 
malarial with activity against Plasmodium berghei ( 5 ) .  
Sensitive and specific assays for whole blood concentra- 
tions of both compounds were needed. 


H 


piF, 


I1 


Several methods have been used for antimalarial anal- 
ysis, including high-pressure liquid chromatography 
(HPLC) (6,7), GLC (8), fluorometry ( 8 ) ,  and liquid scin- 
tillation counting (9), but no reports have dealt with GLC 
determination of I and I1 in blood. Of these methods, 
HPLC combines better reproducibility and specificity than 
the fluorometry or radioactivity methods with a simple 
pretreatment procedure; it was used for I determination. 
However, HPLC sensitivity was limited by the relatively 
low I extinction coefficient a t  the readily accessible 
wavelengths, 280 and 254 nm; GLC combined with an 
electron-capture detector was expected to give more sen- 
sitive and specific measurements. This paper describes 
whole blood I and I1 determinations by electron-capture 
GLC. 


EXPERIMENTAL 


Reagents and  Materials-Free bases of I and I 1  were prepared by 
alkalizing the corresponding hydrochloride salts using equirnolar sodium 
hydroxide in ethanol. The elemental analysis data f I-calc.: C ,  53.97; H, 
4.%; N, 7.41. Found: C, 54.29; H, 4.09; N, 7.59.11-calc.: C, 56.43; H, 4.49; 
N, 6.93. Found: (.', 56.45; H. 4.47; N ,  6.79). TLC, and G I K  supportrd the 
purity of both free bases. The trimethylsilylating reagent1 was a mixture 
o f  hexamethyldisilazane and trimethylchlorosilane dissolved in pyridine. 
Fresh human blood was obtained from volunteers. All other chemicals 
were commercially available analytical grades and were used without 
l'u r t her purification. 


GLC-The gas chromatograph2 was equipped with an electron-capture 
detector and a flame-ionization detector. A U-shaped glass column (183 


CF, 
I 


I TriSil. Pierce Chemical Co.,  Rockford. Ill. 
Varian Aerograph model 2100, Walnut Creek, Calif. 
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of samples a t  205 nm gave interesting qualitative information on the 
presence of metabolites of ketoprofen. In fact, a t  205 nm, the number of 
metabolites detected was greater than a t  255 nm. Such metabolitesshow 
a kinetic behavior quite dissimilar from that of ketoprofen. Previous work 
(5) supports the assumption that area peaks (detected at  205 and 255 nm) 
having a retention time longer than that of ketoprofen can be referred 
to hydroxylated metabolites whereas area peaks detectable only a t  205 
nm can be referred to compounds with modified unsaturated system. 


This procedure appears to be useful for studies of separatiim and 
characterization of these metaholites. It also has the advantage of rapidity 
since a technician can process 20-30 samples in 1 day with an automatic 
sampler and a minimum of active involvement. In conclusion, high sen- 
sitivity, specificity, and rapidity, coupled with the ability to separate 
unchanged ketoprofen from its metabolites, make this procedure par- 
ticularly suitable for study of the pharmacokinetics of ketoprofen in 
humans. 
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Abstract In general, light-sensitive tablets exhibit discoloration in 
the surface layer(s) only. A case is discussed where a quantitative inter- 
action between a drug, ethinyl estradiol (in a combination tablet con- 
taining norethindrone and ethinyl estradiol), and a dye (FD&C Red No. 
3) occurs, and discoloration exists throughout the tablet. The data suggest 
that accelerated light studies should be carried further than those dic- 
tated by predictive periods so that equilibrium levels can be deduced. 


Keyphrases 0 Norethindrone-stability in tahlets, effect of FD&C dyes 
0 Ethinyl estradiol-stability in tablets, effect of FD&C dyes Dyes, 
FD&C-effect on stability of norethindrone and ethinyl estradiol in 
tablets 0 Stability-norethindrone and ethinyl estradiol in tablets, effect 
of FD&C dyes a Tablets-norethindrone and ethinyl estradiol, effect 
of FD&C dyes on stability 


Drug stability in solution can be affected adversely by 
the presence of a colorant (1). Since colors are used rou- 
tinely to identify solid dosage forms, a study was initiated 
to determine whether such reactions could occur with 
compressed tablets. Although there are no cornpendial or 
regulatory procedures to evaluate the effect of light, pre- 
vious reports (2) correlated accelerated light studies with 
ordinary room light exposure. 


Reported interactions between light and substances in 
solid dosage forms usually were confined to the top layer(s) 
of the tablet (3-5) and occurred when a single component 
was photosensitive. Photo-induced drug interactions in 
solid form have not been reported. 


This report presents results of studies on the stability 
of norethindrone and ethinyl estradiol in uncolored com- 
pressed tablets as well as in tablets containing selected 
FD&C colorants when exposed to  accelerated light 
stress. 


EXPERIMENTAL 
Tablets-All tablcts contained 0.5 mg of norethindrone and 0.035 mg 


of ethinyl estradiol and were prepared with the same excipients by clas- 
sical granulation techniques. Three formulas were prepared: pink, con- 
taining 4.5 pg of erythrosine (FD&C Red No. 3)/tablet; white, containing 
no colorant; and orange, containing 30 pg of the disodium salt of l -p -  
sulfophenylazo-2-naphthol-6-sulfonic acid (FD&C Yellow No. 6)/tab- 
let. 


The dyes were added in a methanolic solution to the basic excipient 
system. The uncolored tablets were processed with the same amount of 
methanol as used in the tablets containing a colorant. All tablets were 
then dried, screened, lubricated, blended, and compressed in similar 
fashions. 


Analytical Methods-Single tablets were disintegrated and then 
dissolved in a homogenizer with methanol as the solvent. The solution 
containing the dissolved steroids was filtered and divided into two 


3 0 1  \ I 


DAYS 
Figure l--Ethinyl rstradiol assays as a functton of time (left scale, open 
c i rcks )  and standard error of thr  assay mcan as a function of time (right 
scale, closed circles). 
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Table I-Norethindrone Assays a f t e r  Storage in  Light Cabinet a 


Initial 5-Day 10-Day 21-Day 30-Day 
Formula Assay SEM Assay SEM Assay SEM Assay SEM Assay S E M  


Exposed 504 4.6 506 3.5 491 4.6 488 3.2 474 2.6 
Control 511 4.8 501 5.4 500 5.2 507 3.8 


White: 


Pink: 
Exposed 
Control 


500 4.4 503 
511 


3.7 
6.8 


494 
507 


3.3 
4.6 


489 
509 


2.4 
3.6 


484 
495 


2.8 
2.1 


Orange: 
Exposed 499 5.3 509 6.2 489 7.3 495 5.2 495 5.0 
Control 513 6.6 500 5.6 532 3.3 506 2.6 


a Assay and standard error of the mean are expressed in micrograms per tablet. The standard deviation may he calculated by multiplying the standard error of the mean 
X a, where 10 is the number of tablets analyzed. 


Table 11-Ethinyl Estradiol Assays a f t e r  Storage in Light Cabinet a 


Initial 5-Day 10-Day 21-Day 30-Day 
Formula Assay SEM Assay SEM Assay SEM Assay SEM Assay S E M  


White: 
Exposed 35.7 0.24 36.1 0.24 35.0 0.44 34.2 0.21 34.3 0.22 


Exposed 36.0 0.60 31.3 1.01 31.3 0.21 28.4 0. I8 28.4 0.09 


Control 36.2 0.33 34.5 0.54 35.1 0.25 35.8 0.56 


Control 35.4 0.74 35.5 0.67 35.9 0.29 34.9 0.26 


Exposed 35.1 0.11 35.0 0.34 34.6 0.22 34.6 0.36 34.9 0.36 
Control 35.3 0.28 34.6 0.53 37.0 0.38 36.3 0.37 


Pink: 


Orange: 


say and standard error of the mean are expressed in micrograms per tablet. The standard deviation may be calculated by multiplying the standard error of the mean 
X ”A, where 10 is the number of tahlets analyzed. 


Table 111-Regression Values for  Assays: SloDe ( b ) ,  Interceot ( a ) .  and  Correlation Coefficient (Y) 


Norethindrone Ethinyl Estradiol 
Control Exposed Control Exposed 


Formula a b Y a b Y a b f a h Y 


White 506 -1.01 -0.95 505 -0.04 -0.13 35.9 -0.06 -0.89 35.5 -0.005 -0.100 
Pink 502 -0.61 -0.95 507 -0.21 -0.39 34.0 -0.22 -0.88 35.8 -0.021 -0.595 
Orange 501 -0.25 -0.41 504 . 0.43 0.39 tL5.0 -0.008 -0.43 34.9 0.059 0.737 


streams. The first stream was mixed with isonicotinic acid-hydrolyzed 
reagent, which produced a chromophore absorbing in the 380-nm region 
(6). The second stream was mixed with 90% sulfuric acid, which produced 
a chromophore in the presence of ethinyl estradiol. The acid-induced 
fluorescence determination can be traced to the work of Khoury and Cali 
(7). 


Test Conditions-All samples were subjected to accelerated condi- 
tions by placing them in a light cabinet containing both incandescent and 
fluorescent bulbs operated a t  an approximate light intensity of 1000 
footcandles. The selection of the light source was designed to approximate 
the spectral energy curve of sunlight. 


Two samples of each formula were exposed: A, in an open dish; and B, 
in a light-transparent container. Two samples (controls) were stored in 
the light cabinet in light-protecting containers; C, in a folding box; and 
D, in a foil overwrap. Five units of each sample were tested at the intervals 
shown in Tables I and 11. 


RESULTS AND DISCUSSION 


Table I summarizes the accelerated light stability data for norethin- 
drone and Table I1 summarizes the data for ethinyl estradiol from the 
three formulations. In no case were there significant differences ( p  = 0.05) 
between means or variances from Groups A and B. Therefore, the data 
for these two groups were pooled to give one mean and standard error for 
the exposed group. The same held true for Groups C and D, which were 
combined and listed as the control group. In several cases, however, there 
were significant differences between the exposed group and the control. 
Each number in the table represents an average of 10 assays. 


The linear regression parameters for the data are given in Table 111. 
With the white and pink tablets, there was a slight but Significant re- 
gression in the data of the exposed samples for norethindrone. Rank 
testing of the data and the correlation coefficient are obvious indicators 
of this regression. This correlation was not demonstrated with significance 
for the orange tablets. There was no indication of light sensitivity re- 


garding norethindrone (in fact, the colored tablets appeared to be better 
than the uncolored control), so the interaction in the system probably 
occurred between the dye and ethinyl estradiol only. The largest loss for 
norethindrone amounted to only 6%. 


With ethinyl estradiol, the white formula showed slight but significant 
regression (loss), but the pink formula showed substantial losses. This 
latter result is shown graphically in Fig. 1. The orange formula was sig- 
nificantly more stable than the white, and the yellow colorant seemed 
to stabilize the ethinyl estradiol while the red dye seemed to interact with 
it. 


Erythrosine is a fluorescein derivative and is thus in a class of com- 
pounds that are known sensitizing agents for photooxygenation and 
photorearrangement reactions (8, 9). The disodium salt of 1 -p-sulfo- 
phenylazo-2-naphthol-6-sulfonic acid is, however, an azo dye and not 
considered a sensitizer for such reactions. Thus, based on the experi- 
mental results obtained from the 30-day accelerated light stability study, 
it appears that erythrosine can induce photochemical changes in ethinyl 
estradiol-containing tablets. Removal of this dye or its replacement with 
a nonsensitizing dye results in tablets with superior ethinyl estradiol light 
stability. 


The 21% loss of ethinyl estradiol (mol. wt. 296) was on the order of 8 
pg, i.e., 27 nmoles, whereas the amount of red dye (mol. wt. 880) present 
(4.5 pg) was only 5 nmoles, which suggests a possible stoichiometric re- 
action. In the tablets containing the red dye, the entire tablet discolored, 
as opposed to the conventional type of‘ light sensitivity that leads to a 
surface fading only (3-5). 


The data in Table I1 seem to imply a trend: the standard error a t  the 
onset is small (and comparable to that derived from content uniformity 
data) but increases with time as the reaction comes to completion. This 
increase is by no means demonstrated with statistical confidence, hut 
the chemical implication that the rate of reaction has either not started 
or has come to an end is not contradicted by the data. 


Accelerated light studies should be carried further than those dictated 
by predictive periods so that “equilibrium” levels can he deduced. 
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Abstract 0 The unexplained variation in the relationships between 
carminative activities and octanol-water distribution coefficients of 
various classes of compounds was explained. The steric substituent 
constant (E, )  value, van der Waals volume, and molecular connectivity 
were introduced into a previously derived correlation. Each parameter 
brought about an improvement, and molecular connectivity was the most 
successful. Correlations containing molecular connectivity terms ex- 
plained the excess variation. The results were in agreement with a 
mechanism in which carminative activity depended on the availability 
of the oxygen atom in the functional group of the molecule and was re- 
duced when the substituent attached to the oxygen hindered the inter- 
action between the oxygen atom and the receptor. 


Keyphrases Carminative activities-various oxygen-containing 
compounds, related to solubility, steric considerations Solubility- 
various oxygen-containing compounds, related to carminative activities, 
steric considerations 0 Structure-activity relationships-carminative 
activities of various oxygen-containing compounds related to solubility, 
steric considerations 


Recently, the carminative activities of 34 alcohols, esters, 
ethers, phenols, and carbonyl compounds were described 
(1). Carminative activity was expressed as the ability to 
produce a 50% inhibition (IDSO) of a standard response to 
carbachol in the guinea pig isolated ileum preparation. 
Regression analysis revealed a significant rectilinear re- 
lationship between log 1/ID50 and the logarithms of the 
octanol-water distribution coefficients (log P ) ,  but the 
correlation equation explained only 50% of the varia- 
tion. 


However, each chemical class of compounds, in isolation, 
produced more precise correlations, indicating the influ- 
ence of factors other than solubility on carminative ac- 
tivity. Electronic distributions were unimportant, and it 
was suggested that the variation was due to the oxygen 
atom being shielded by the group attached to it. Conse- 
quently, the bulkier the group, the lower would be the 
carminative activity. Therefore, the hypothesis was tested 
by introducing steric parameters into the correlation 
equation between log P and log l/IDSO. 


EXPERIMENTAL 
The IDSO results and octanol-water distribution coefficients were re- 


ported previously (1). The compounds examined and other data are listed 


in Table I. All compounds consist of an oxygen joined to two chemical 
groups, one of which may be hydrogen. In choosing the groups to which 
to assign steric parameters, the decision was unambiguous with four of 
the five ethers since they each had two identical groups linked to oxygen. 
The vinyl group was chosen for the fifth compound, ethyl vinyl ether, 
since it was the smaller group. Similarly, values for hydrogen were given 
to all of the alcohols and phenols. The smaller groups were chosen because 
it was considered that interaction between oxygen and the receptor site 
would take place along the path of least resistance. 


In each compound, the groups are located on opposite sides of the 
oxygen atom so that it is unlikely that both groups would interfere a t  once. 
Therefore, the probability of interaction through the bulkier group would 
be low. No logical way of allocating steric parameters to the carbonyl 
compounds, in accord with these assignments, was possible, so this class 
of compounds was omitted from the correlations. It was suggested pre- 
viously (1) that the carbonyl oxygen of the esters, and not the ether 
oxygen, was responsible for carminative activity. Parameters for CH&= 
were assigned, therefore, to the esters (since they are all acetates). 


RESULTS AND DISCUSSION 
Taft  (2) assigned substituent constants ( E 8 ) ,  which are a measure of 


steric effects on reaction rates, to a range of substituent groups. The best 
correlation of log l/IDm against log P, reported previously ( l ) ,  and the 
E,  value is: 


log 1hD.q~ = 0.128 + 0.521(0.059) log P + 0.360(0.077) E, (Eq. 1) 
8.8 4.7 


n = 22 r = 0.915 s = 0.220 F Z J ~  = 49a(0.001) = 10.2 


where n represents the number of results considered (reduced from 26 
to 22 because an E, value for CH&= was not available), r is the corre- 
lation coefficient, and s is the standard deviation. The figures in paren- 
thesis following the coefficient in log P and E, represent their standard 
errors ( p  = 0.05), and the figures below the coefficients are the ratios of 
the coefficients to their standard errors. Comparison of these values with 
t values obtained from statistical tables indicated that both physical 
parameters are related to log 1/IDm ( p  < 0.001). 


Equation 1 explains 84% of the variation and is a significant im- 
provement on the corresponding equation containing log P alone. The 
relationship is confirmed by the figures shown below the equation, which 
are the results of analysis of variance of the observed results about the 
regression, followed by an F test. 


Kier and coworkers (3,4) developed a range of parameters, collectively 
termed molecular connectivity (x), related to the topological structure 
of organic groups. The simplest term, the zero-order connectivity, is 
designated O x u  and is calculated from: 


(Eq. 2) 


where di is a number assigned to each nonhydrogen atom and reflects the 


0 v =  x x (&)-1’Z 
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Table 111-Fungicidal Activities a 


Fungicidal 
Commund c, H I J K 


dilutions in chemically defined media according to the procedure de- 
scribed by Long et al ( 7 ) .  


- 


XIX 1 1 1 30 10 
?(XI1 1 1 a 30 10 


X X V l l  1 0.1 1 - b  10 
Micronazole nitrate 30 1 30 80 i n  


See footnotes to Table 11. 6 >300. 


acid. After stirring a t  room temperature for 3 hr, a 10% aqueous solution 
of sodium metabisulfite was added until starch-iodide paper gave a 
negative result. 


Excess saturated potassium bicarbonate solution was then added, and 
the layers separated. The organic phase was dried (magnesium sulfate) 
and evaporated under reduced pressure. The residue was chromato- 
graphed. using 1% methanol-methylene chloride to elute material that 
crystallized from methylene chloride-hexane; 4.2 g o f  VIII was ob- 
tained. 


Antimicrobial Assays4-The bioassays were done by serial broth 


'The bioassays were conducted under  the direction of Dr. A Hriierner and  Ms. 
S. Hitt. Institute of Ayrisciences, Syntex Research. 


REFERENCES 


( 1 )  K. 1'. Potts and .I. Kane, J Org Chem., 40.2600 (1975). 
(2) P. Rathgeb, German offen. 2,156 (1970); through Chern. Abstr., 


( 3 )  I .  Lalezari and N. Sharghi, J He.tc,roc.yc.l Chem , -i, 336 (1966). 
(4) J. Goerdeler and P. Linden, ( 'hrm. Her., 89,2742 (1956). 
(5) C. I). Hurd and H.  L. Wehrmeister, J .  Am. Chpm. Soc.,  71,4007 


( 6 )  T. Horie, K. Kinjo, and 7'. Ueda, C'hcm. Pharm Hull., 10, 580 


(7) R. A. Long,T. R. Matthews, and R. K. Robins, J. Med. Chern., 19, 


77, P12664W (1972). 


(1949). 


(1462). 


1072 (1976). 


ACKNOWLEDGMENTS 


This paper is Contribution No. 504 from the Syntex Institute of Or- 
ganic Chemistry. 


Potential CNS Antitumor Agents VI: Aziridinylbenzoquinones I11 


JOHN S. DRISCOLL x, LEO DUDECK *, GEORGE CONGLETON *, and 
RUTH I. GERANt 
Received February 21, 1978, from the Drug Design and Chemistry Section, Laboratory of Medicinal Chemistry and Biology, Developmental 
Therapeutics Program, Division of Cancer Treatment, National Cancer Institute, National Institutes of Health, Bethesda, MD 
20014. 
Evaluation Branch, Developmental Therapeutics Program, Division of Cancer Treatment, National Cancer Institute, National Institutes of 
Health, Bethesda, MD 20014. 


Accepted for publication June 29,1978. *Present address: Hazleton Laboratories, Vienna, VA 22180. *Present address: Drug 


Abstract D Thirty-one aziridinylbenzoquinones were compared against 
five murine tumor models in vim. Two intracerebral (ependymoblastoma 
and L-1210 leukemia) and three intraperitoneal (P-388 and L-1210 leu- 
kemia and B16 melanoma) systems were utilized. Excellent activity was 
observed for many compounds. Multiple long-term survivors were pro- 
duced in the ependymoblastoma, P-388, and intraperitoneal L-1210 
systems. Diethyl 2,5-bis(l-aziridinyl)-3,6-dioxo-1,4-cyclohexadiene- 
1,4-dicarbamate demonstrated superior activity in all five test systems. 
This compound also was reproducibly active against two colon tumors, 
a mammary tumor, and the intracerebrally implanted P-388 leukemia 
model. 


Keyphrases 0 Aziridinylbenzoquinones-evaluated as potential CNS 
antitumor agents in uiuo, various test systems 0 CNS antitumor activ- 
ity-aziridinylbenzoquinones evaluated i n  uiuo, various test systems 0 
Antitumor agents, CNS-aziridinylbenzoquinones evaluated in uiuo, 
various t e s t  systems 0 Structure-activity relationships-aziridinyl- 
benzoquinones evaluated as potential CNS antitumor agents in uiuo, 
various test systems 


The antitumor activity of aziridinylbenzoquinones in 
murine model tumor systems has been recognized for al- 
most 25 years (1-5). Recent reports described the activity 
of two members of this family, trenimon (6-8) and carba- 
zilquinone (8-1 l), which have had clinical trials. 


As part of a program to develop agents that  might be 
effective against neoplasms of the central nervous system 


(CNS), several series of aziridinylbenzoquinones were 
prepared and evaluated in murine brain tumor systems 
(12, 13). Some of these compounds produced long-term 
survivors in the intracerebral ependymoblastoma tumor 
model. To determine which aziridinylbenzoquinones might 
have the greatest potential for clinical trial with emphasis 
on CNS neoplasms, the 31 analogs available to the Na- 
tional Cancer Institute (NCI) were compared in two 
intracerebral and three intraperitoneal tumor systems. 


EXPERIMENTAL 


Materials-Compounds XIV-XXXI (Table I) were synthesized as 
described previously (12, 13). and I-XI11 were obtained from other 
sources1. 
Tumor Test Systems-The standard NCI protocols for the intrace- 


rebral and intraperitoneal tumors are described in Table I1 and Ref. 
14. 


Treatment-Treatment was intraperitoneal in all cases. Saline (0.1%) 
or hydroxypropylcellulose was used as the vehicle. Treatment in all 
systems other than ependymoblastoma began on Day 1 and continued 
once daily for 9 days. In a few instances, previous data were available with 


' Ciba-Geigy, Bayer A. G., Sankyo Co., the U S .  Department of Agriculture, and 
Dr. H. S. Verter of the M e r  American University of P u e r t o  Ricm 
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Table I- Aziridinylbenzoquinone Structures  


X = H unless specified otherwise 
~ 


Compound NSC Number” R 


1 
I1 


111 
IV 
Vb 


v1 


VII 


VIII 


IX 


X 


XI 
XI1 


XI11 


XIV xv 
XVI* 


XVII 
XVIII 


XIX 


xx 
XXI 


XXII 
XXIII 
XXlV 


xxv 


XXVI 
XXVII 


XXVIII 


XXIX 


xxx 


XXXI 


17262 
18269 
18270 
18271 
18273 
18274 


292 15 


30705 


31717 


51915 


51916 
95139 


134679 


182986 
220267 
“20536 
224066 
224070 
224071 


240026 


243037 


2461 11 
249009 
249010 


249339 


249340 
249989 


250433 


251727 


251728 


251729 


OCH2CH20CH:j 
NHCOCH3 
OCH2CH:i 
NHCOCzHs 
NHCOCHi 


NHCOCsHla 
OCH:, 
CH:l,CH(OCHa)- 


CHzOCONHz 
NHCOOC2Hs 
NHCHa 
NHCH3 
NHCzHs 
NHCH2CH20H 
NHC3H7 


a NCI accession number. X = CHn. 


Table 11-Tumor Test Systems 
Inoculum, Mouse Termina- 


Tumor number of Num- tion 
‘rumor Site cells Strain ber” Day” 


Ependymo- Intrace- Fragment C57BL/6 6 


I,-1210 Intrace- 104 BDFl 6 


L-1210 Intraperi- 105 BDFl 6 


P-388 Intraperi- lo6 BDFl 6 


hlastoma rebral (1 mm?) 


leukemia rebral 


leukemia toneal 


60 


30 


30 


30 
leukemia toneal 


€316 mela- Intraperi- h e i r  BDFl 10 60 
noma toneal 


0 Numher of mice used per dose tested. b Day on which experiment ended and 
long-term survivors were noted. c Using 0.5 ml of a tumor homogenate prepared 
from 1.0 g of tumor blended with 10 ml of cold halanced salt solution. 


treatment starting on Day 1 and continuing until death. This schedule 
was considered comparable to the Day 1-9 treatment schedule. The 
ependymoblastoma tumor was treated on the Day 1-5 schedule (14, 
15). 


Experiments were carried out twice when sufficient compound was 
available. When conflicting results were ohtained, additional experiments 
were performed. A dose response curve was designed ranging up to tox- 
icity and consisting of four doses, with each dose double the next lower 
dose. Data from experiments with other than satisfactory controls were 
not used unless they were the only data available. Data from doses that 
produced a >4-g weight loss relative to control animals on Day 5 were not 
used as optimum doses. 


The antitumor data in Table 111 are the highest reproduced values 
observed ( i e . ,  the highest value confirmed in a separate experiment) for 
the L-1210, P-388, and B16 systems. The highest two values from separate 
experiments are reported for the ependymoblastoma system. Intrace- 
rebral L-1210 tests were schedjled only if a t  least one intraperitoneal 
1,-1210 test gave a T/C value’ >150%. 


RESULTS 


In t r ace reb ra l  Tumor Systems-The ependymoblastoma and 
intracerebral L-1210 models utilize intracerebral implants of a solid 
fragment and ascites fluid, respectively. Antitumor activity for standard 
agents in the ependymoblastoma system was reviewed recently (15). 


Compounds 111, VI, VII, XIV, XV, XVII, XXII, and XXVII gave 
multiple long-term (60-day) survivors in more than one experiment. The 
numher of long-term ependymoblastoma survivors is a more meaningful 
measure of activity for these compounds than the TIC value, because the 
T/C value is very dependent on the survival time of the control animals 
when long-term-treated survivors occur. 


The most active compounds (T/C > 150%) in the intracerebral L-1210 
model were VI, XIII-XV, and XXII. No long-term survivors were pro- 
duced. 


lntraperitoneal Tumor Systems-Activity against two leukemias 
(intraperitoneal P-388 and L-1210) and one solid tumor (intraperitoneal 
H I 6  melanocarcinoma) was evaluated. Of these three intraperitoneally 
implanted models, the P-388 and B16 models were the most and least 
sensitive to drug treatment, respectively. All compounds were active in 
the P-388 system. Indeed, a majority produced T/C values >200%. 


Excellent activity was also shown by many compounds in the less 
sensitive intraperitoneal L-1210 system. Six compounds (11, XIV, XVIII, 
XX, XXI, and XXIII) gave intraperitoneal I,-1210 TIC values >ZOO% 
and, in some instances, produced long-term (30-day) survivors. In the 
more refractory Bl6 melanoma model, the minimum criterion for sta- 
tistical activity (T/C y 140%) was met by six analogs (XII-XIV, XVI, 
XVIII, and XXI). 


DISCUSSION 


All 31 compounds met the current minimum statistical criterion for 
activity in the P-388 (T/C 120%) system, and all except VIII were active 
in the ependymoblastoma model (T/C 125%). Twenty-five qualified in 
the intraperitoneal L-1210 (T/C 125%) system and six in the I316 mela- 
noma (T/C 140%) system. Seventeen of the 21 compounds tested against 
intracerebral L-1210 leukemia were active (T/C 125%). With almost all 
compounds meeting the minimum statistical criterion for activity in all 
tumor systems (except B16 melanoma), stricter criteria were devised 
(Table IV) to differentiate among the compounds. 


Table IV lists the compounds that passed at  least one of the following 
stricter criteria for activity: ependymoblastoma, multiple long-term 
survivors in both experiments; intracerehral L-1210, confirmed T/C 150%. 
intraperitoneal I.-1210, confirmed T/C 200%; and I316 melanoma as 
previously stated, confirmed T/C 140%. This classification reduced the 
number of compounds for comparison to 17. When a confirmed T/C > 
200% criterion in the P-388 system was applied to these 17 compounds, 
all passed except XV and XXVII. Only one compound, XIV, passed the 
criterion in all five test systems. Five derivatives passed in three systems. 
Two of the five (VI and XXII) were active in the intracerebral systems 
plus P-388; two (XVIII and XXI) were active in the intraperitoneal 
systems plus P-388; one, carbazilquinone (XIII), which has been studied 
clinically, was active against one intracerebral (L-1210) plus one intra- 
peritoneal (B16) model as well as the P-388 tumor. 


2 See Table 111 for definition. 
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Table 111-Aziridinylbenzoquinone Antitumor Activity 


Intracerebral Tumors Intraperitoneal Tumorsn 
Epend ymoblastoma L-1210" P-388 B16 L-1210 


Compound O.D. T/Cc O.D. T/C O.D. T/C O.D. T/C O.D. T/C 


I 
I1 


111 


IV 
V 


VI 


VII 


VllI 


IX 


X 


XI 


XI1 


XI11 


XIV 


xv 
XVI 


XVII 


XVlIl 


XIX 


xx 
XXI 


XXII 


XXIII 


XXIV 


xxv 
XXVI 


XXVII 


XXVIII 


XXIX 


xxx 
XXXI 


1 
0.5 
0.5 
2 
2 
1 
2.5 
5 
1 
1 
0.08 
0.16 


2.5 
0.04 
0.02 


10 


100 
200 
80 


160 
0.5 
2 
1 
0.25 
1 
2 
0.2 
0.4 
5 


10 
1.5 
1.5 
0.75 
0.75 
5 


10 
1 
1 
0.5 
1 
0.25 
0.2 
0.2 
0.2 
3 
3 
4 
1 
2 
1 
1 
1 
3 
1.6 
1.5 
1.5 
0.8 
1.5 


12.5 
fi 


138 4 
147 (lbd 1 . ,  
150 


>304 (4) 
211 (2) 
193 (1) 
192 (1) 
233 


>398 (3) 
>368 (2) 
>294 (3) 
>398 (3) 


123 
123 


>361 (3) 
218 
218 (1) 
175 
253 
184 
284 (1) 
238 
159 
148 


>272 (6) 
>376 (5) 
>319 (5) 
>318 (4) 


243 (1) 
394 (1) 
287 (2) 
318 (2) 
183 
170 
243 (1) 
359 (2) 
175 
175 


>288 (6) 
199 (1) 
277 (6) 
315 (4) 
175 (1) 
169 
175 (1) 
146 
165 (1) 
129 
164 (1) 
150 


>315 (5) 
>290 (4) 


201 
147 
149 (1) 
234 
149 
140 
146 


1 


1 
5 


4 


0.02 


1 


- 


400 


- 


1 


0.05 


3 


0.2 


10 


3 


0.75 


- 


1.5 


4 


0.3 


2 


- 


- 


10 


- 


- 


- 


- 


- 


121 
146 


135 


129 
120 


152 


138 


120 


NT' 


116 


NT 


129 


154 


179 


160 


125 


140 


148 


NT 


141 


141 


159 


132 


NT 


NT 


116 


NT 


NT 


NT 


NT 


NT 


2 
0.5 


2 


2 
5 


1 


0.02 


5 


0.04 


400 


100 


2 


0.25 


0.8 


0.1 


1.5 


0.4 


6 


1 


4 


0.2 


0.8 


10 


1 


2 


0.5 


1 


0.75 


6 


5 


223 (1) 
270 (1) 


242 


225 
233 


213 


265 (3) 


172 


268 (1) 


170 


245 


>252 (5) 


211 


212 (1) 


169 


NT 


228 


260 (2) 


208 


243 (6) 


241 (4) 


256 


245 


149 


178 


171 


137 


155 


147 


154 


146 


2 136 
1 131 


1 136 


2 113 
1 105 


2 118 


0.02 126 


10 124 


0.04 125 


25 109 


50 135 


2 169 


0.5 179 


3 162 


0.05 129 


5 148 


0.75 124 


0.4 161 


5 132 


0.25 122 


6 142 


0.02 119 


0.8 131 


5 111 


1 137 


0.5 122 


0.25 112 


2 118 


0.75 117 


0.75 109 


2.5 97 


2 
0.5 


1 


1 
5 


4 


0.05 


0.6 


0.01 


175 


115 


2 


0.25 


3 


0.2 


2.5 


1.5 


0.75 


ti 


0.5 


2 


0.3 


1.5 


5 


3 


10 


0.4 


2 


1.5 


0.75 


5 


183 
220 


157 


181 
184 


167 


145 


128 


139 


145 


132 


136 


159 


213 


161 


116 


191 (1) 


234 (3) 


143 


214 (1) 


233 (2) 


194 


211 (1) 


130 


144 


1 80 


116 


121 


120 


114 


117 - .- 
- 168 


Highest reproduced T/C value; see Experimental. Optimum dose (milligrams per kilogram per day). The %T/C = (treated survival/control survival) x 10096. 
d Numbers in parentheses are animals alive on the termination day; see Tahle 11. Not tested. 


The relatively low intraperitoneal L-1210 activity found for XI11 may 
be related to the schedule used in this protocol. Other murine test data 
indicate that XI11 may be most active on the Day 1 treatment schedule. 
It was feasible, however. to compare all compounds only on one schedule. 
Since chronic treatment (QD 1-9) appeared to give optimum activity for 
analogs that previously had schedule dependency testing, this schedule 
was chosen for comparison studies. The two relatively low ependymo- 
blastoma activity values obtained for XI11 were checked a third time in 
light of the active intracerebral L-1210 results obtained with this com- 
pound. A comparable third ependymoblastoma value (T/C 143%) was 
obtained. Trenimon (VII), the other compound with prior clinical studies, 
possessed excellent ependymoblastoma and P-388 activity but was 
marginal in the two L-1210 models and inactive against B16 melano- 
ma. 


Of the four other compounds with good activity in three of the models 
(VI, XVIII, XXI, and XXII), the bis(dihydroxypropy1amino) analog, 
XXI, probably comes the closest to XIV in overall superiority. With one 
more long-term survivor in the second ependymoblastoma experiment 
and a slightly higher intracerebral L-1210 value, XXI would have met 


' the strict criteria for all five tests. The amino compound, XXII, which 
is the parent for many of these analogs, almost met the standard in the 
intraperitoneal L-1210 but was inactive in two B16 tests (T/C 131 and 
119%). Compound VI was moderately active against intraperitoneal L- 
1210 but was inactive against B16 melanoma. Compound XVIII almost 
met the criterion in the intracerebral L-1210 but was only moderately 
active in the ependymoblastoma system. 


Based on the data shown in Table 111, XIV'is the superior compound 
and was tested further against an NCI panel of tumors (16). Compound 
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Table IV-Aziridinylbenzoquinone Activity Based on Selected 
Criteria a 


Intrace- Intraperi- 
Com- Ependymo- rebral toneal 
pound hlastoma L-1210 P-388 L-1210 HI6 


I 1  
111 
1V 
VI 


v11 
XI1 


XI11 
XIV xv 
XVI 


XVII 
XVlll xx 


XXI 
XXII 


XXllI 
XXVII 


X 
X 
X 
X 


X 
X 


X 


X 


X 


X 


X 
X 
X 


X 


X 
X 
X 
X 
X 
X 
X 
X 


NTh 
X 
X 
X 
X 
X 
X 


X 


X 


X 
X 
X 


X 


An X indicates a compound that meets the following criterion: ependymo- 
blastoma. multiple long-term survivors in hoth experiments; intrarerehral L-1210, 
confirmed T/C >150%: P-388, confirmed T/C >20&; intraperitoneal L-1210, 
confirmed T/C >200%; and B16. confirmed T/C >14W. 


XIV was inactive against subcutaneous and intracerebral R16 melano- 
carcinoma as well as subcutaneous and intravenous Lewis lung carcinoma. 
I t  had confirmed activity against nine murine models: the five models 
in Table IV and the four shown in Table V. 


Not tested. 


Table  V-Additional Antitumor Data  for XIV a 


Treatment Activity 
Tumor O.D. Schedule T/C Criterion (T/C) 


CD mammary (mouse)h 12.5 Q7D X 5 23c S42 
Intracerehral P-388d 1.5 QD 1-9 151 1125 
C38 colon 25 Q 7 D x 3  32' 542 
C26 colon' 3.1 Q4D X 3 240(4) I130  


0 Highest reproduced T/C; see notes of Table 111 for definitions. * Subcutaneous 
tumor implantation. C Rased on mean tumor weights estimated from tumor di- 
ameter. d lntracerebral tumor implantation. e lntraperitoneal tumor implanta- 
tion. 


Pharmacological studies are currently underway with XIV. After de- 
velopment of an acceptable formulation, preclinical toxicological studies 
will be initiated. 
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Abstract The solubility of doxycycline monohydrate and doxycycline 
hydrochloride dihydrate was investigated in aqueous solution. The hy- 
drochloride dihydrate salt was isolated and identified from solutions 
initially containing doxycycline hyclate in water. The pKa' = 3.09 ( p  = 
0.1 and 25') for protonation of doxycycline was determined spectro- 
photometrically. The pH-solubility profiles were determined for doxy- 
cycline monohydrate in water and in 1.0 M NaNOs-HNO:% and NaCI- 
HCI. The pH-solubility profile a t  25O for doxycycline in aqueous hy- 
drochloric acid without added salt reached a sharp maximum of 50 mg/ml 
at pH 2.16. Added chloride ion strongly suppressed the solubility of the 
hydrochloride dihydrate salt. The apparent solubility product was not 
constant but decreased as the concentration of added salt increased. A 


theoretical model was developed involving dimerization of doxycycline 
and applied to the experimental data. The dimerization constant, Kd = 
24 M-I ,  and true solubility product, K:p = 1.8 X lo-"*, were calculated. 
The effect of concentration on NMR and visible spectra indicated that 
dimerization resulted from intermolecular hydrogen bonding of the 
phenolic &diketone portion of the molecule. 


Keyphrases 0 Doxycycline-monohydrate and hydrochloride dihydrate 
salts, solubility in aqueous solution, effect of pH 0 Solubility-doxycy- 
cline monohydrate and hydrochloride dihydrate in aqueous solution, 
effect of pH 0 Antibacterials-doxycycline monohydrate and hydro- 
chloride dihydrate, solubility in aqueous solution, effect of pH 


KnQwledge of quantitative solubility relationships in 
purely aqueous solutions is highly important to pharma- 
ceutical research and product development. In water, so- 


lute activity is the summation of numerous associative 
interactions of the drug with other drug molecules and the 
solvent. These interactions often cause solutions of phar- 
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~ 


A b s t r a c t  0 Minophylline (theophylline ethanoate of  piperazine) and 
aminophylline (theophylline ethylenediamine) were determined spec- 
trophotometrically in dosage forms without interference from excipients 
and/or preservatives. A mixture of minophylline, in about  30-fold con- 
centration, with phenobarbital was assayed for both components with 
good accuracy and high reproducibility. 


Keyphrases  0 Minophylline-spectrol~hotometric analysis in phar- 
maceutical formulations 0 Aminophylline---spectrophotometric analysis 
in pharmaceutical lormulations 0 Spectrophotometry-analyses, mi- 
nophylline and aminophylline in pharmaceutical formulations o Di- 
uretic-vasodilators---minophylline, spectrophotometric analysis in 
pharmaceutical formulations a Relaxants, smooth muscle-amino- 
phylline, spectrophotometric analysis in pharmaceutical formulations 


The  assay of binary mixtures in pharmaceutical for- 
mulations is challenging. One example is minophyllinel 
and phenobarbital mixtures, especially when the latter 
component is present in small amounts. The  interference 
of excipients and/or preservatives increases the severity 
of the problem. 


B A C K G R O U N D  


T h e  various methods dealing with the correction of interfering ah-  
Sorbances were reviewed ( I ,  2). The  correction of linear interferance can 
be carried o u t  graphically (3)  o r  algebraically (4-7). By applying the al- 
gebraic version to the correction o f  linear impurity absorption, the con- 
centration, C,  can be determined from: 


in which At ,  Az, and A:{ are the absorbances at  A,, A?, and An, respectively; 
E l ,  Es, and E:j are  the corresponding I-cm path length absorbances of  
a 1% solution. Dividing both numerator and denominator by ( A ,  - A:)) 
and substituting h for (A"  - AJ)/(AI - A,,) give the following equation afier 
simple rearrangement: 


AS - hA 1 - ( 1 - h )A : {  = CIEz - h E l  - ( 1  - h )BnJ (Eq. 2)  


Substitution of the left-hand term by corrected A ( A , )  and the second 
term in the right-hand side by K yields: 


A,. = CK (Eq.  3 )  


A linear relationship is obtained by plotting A, versus C.  
Another method for the correction of interfering absorbances is Glenn's 


method oforthogonal function (8), in which absorbance A is replaced by 
the coelficient o f  the orthogonal function, p,. This  coefficient is pro- 
portional to concentration. To extract the  coefficient o f a  given polyno- 
mial from an absorption curve, it is necessary to  obtain absorbances a t  


I T h e  theophylline ethanoate 01 piperazine. T h e  International Nonproprietary 
Name is acelylline piperazine. 


a number of equally spaced wavelengths. Thus, to extract the coefficient 
o f  the  quadratic polynomial p 2 .  for example, six absorbance measure- 
ments a t  six equally spaced wavelengths are  needed. By plotting the  p2 
a t  different intervals uersus A,,, ( the mean set  ofwavelengths), a convo- 
luted absorption curve is obtained (9). 


T h e  present paper reports the determination of minophylline in the 
presence o f t h e  tablet base, sweetening agent, coloring agent, and pre- 
servatives usually existing in pharmaceutical preparations; the deter- 
mination of aminophylline in ampuls containing benzyl alcohol as  a 
preservative; and an assay for a minophylline-phenobarhital mixture 
in syrup. Determination of phenoharl)ital in this mixture is difficult since 
i t  is present in a small amount. 


E X P E R I M E N T A L  


Materials--Minophylline2 and aminophylline' standard solutions 
were at a concentration of 1 mg/ml in 0.1 N H?SO+ Phenobarbital sodi- 
um" standard solution was 1 mg/ml in water. Minophylline tablets", Batch 
7, contained 250 mg/taOlet; minophylline ampuls', Batch 29, contained 
200 mg/" ml. 


Minophylline-phenobarbital', Batch 101,004. contained 2.0 g of mi- 
nophylline and 0.06 g of phenoharl)ital/l00 ml. Aminophylline ampuls?, 
Batch SI52rD. contained 500 mg ofaminophylline/2 ml and 0.04 ml of 
benzyl alcohol a s  the preservative. 


Reagents-Analytical grade 0.1 N H"S04, 0.5 N NaOH, 0.25 M 
Na"CO,, (anhydrous), 0.25 M NaHCO:!, and alcohol were used. 


Instruments-A photoelectric spectrophotometer~ with I-cm silica 
cells was used. 


Procedures-Standard Curws  /or Minophvlline a n d  Aminophylline 
(!.sing A, Me.thod-Different solutions containing 0.3,0.6,0.9, 1.2, 1.5, 
and 1.8 mg% minophylline were prepared by dilution with 0.1 N H2S04. 
T h e  absorbance oleach solution was measured a t  A 1  246 nm, At, 274 nm, 
and A.3 295 nm.  


For aminophylline, the concentrations prepared were 0.:1,0.6,0.9, 1.2, 
1.5, 1.8, and 2.1 mg%; AI, A?, and A:! were 242, 270, and 287 nm, respec- 
tively. T h e  A, for each concentration of minophylline or  aminophylline 
was calculated. 


S tandard  Curur /or Minophylline Using p2 Meihod--The ahsorb- 
ances o f  the same solutions were measured a t  266,270,274,278,2X2, and 
2% nm. T h e  coefficient p2 for each concentration was calculated. 


S tandard  C'urvc. /or Phcnoharbital Applying J A Mf~lhud-Two sets 
of solutions were prepared so that each contained 0.5, 1,  1.5. 2, 2.5,:3,3.5, 
4,4.5, and 5 mg o/u phenobarbital. One set  was prepared in 0.1 N NaOH 
(Solution A), and the other was prepared in a mixture of 0.025 M Na'CO;, 
(anhydrous) and 0.025 M NaHCO:{ (Solution B).  T h e  absorbance of So- 
lution B was measured a t  238 nm using Solution A as  a blank. Then  So- 
lution A was measured a t  260 nm using Soluiion B as  a blank. T h e  
E JA?;{8 and AA2fi0 for each concentration were calculated. 


Assay f o r  P h a r m a c e u t i c a l  Preparations-Minophylline Tab- 
[c4s--From powdered tablets (10 tablets were powdered and mixed), an 


2 Alexandria Company lor Pharmaceutical and  C'heinlcal Industries 
Hoehringer Ingelheim. Germany. 


4 VKH C'hernische Werk, Germany. 
5 Burroughs Wellcome and ('0. 


Prolabo. Paris. France. 
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Table I-Assay Resu l t s  for T h e o p h y l l i n e  F o r m u l a t i o n s  


Mean  Percentage * C V ,  1% 


Preparation n A, M e t h o d  A M e t h o d  p2 M e t h o d  


Tablets" 12 
Commercial tablets 12 
Ampu ls  8 


M inophy l l i ne  Tablets  a n d  Ampu ls  
99.65 f 0.78 ( 2 . 2 V b  100.47 f 0.98 


101.77 f 0.82 (2.66) 
93.56 f 0.61 (7.94) 


102.66 f 0.79 
96.79 f 1.03 


99.64 f 1.49 (3.07) 
101.17 f 1.70 (2.71) 
93.00 f 1.55 (6.12) 


Aminophy l l i ne  Ampu ls  
Solution 5 99.94 f . 104.73 f 0.78 - 
Ampuls 5 100.31 f !.:: !%%) 105.57 f 0.78 - 


Minophylline-Phenobarbital M i x t u r e  
M inophy l l i ne  1 1  101.15 f 0.71 (17.85) 107.49 f 0.87 99.30 f 1.16 (18.29) 


AA M e t h o d  
-§&imTl 


+,.,9t y:;,FOd 
Phenobarbital 8 


The tablet powder was prepared in the lahorators hv weighing 250 mg of minophylline and adding 0.5 g of commercial lactose. The figures in parentheses are the 
A volume of 10 calculated I values with reference to!he A method; theoretical t ( (r  = 0.05) = 2.306 (for d / 8 ) ,  2.145 ( t o r  d/  14),  2.086 (ford/ 20),  and 2.074 (lord/ 2 2 ) .  


in1 or arninoph>Iline holuti~m (2550 mg/nil) t o  which 0 . 2  in1 of tjenzyl alcohol was added. 


accurately weighed quanti ty equal to about 0.7 g was extracted w i th  three 
M-ml  por t ions of 0.1 N H?SOI and su i tab ly  d i l u ted  for spectrophoto- 
metr ic  measurement. 


T h e  contents of five ampuls were mixed to- 
gether in a d ry  conical flask. A measured volume was suitably di luted w i t h  
0.1 N HzSOa f o r  spectrol)hototnetric measurement. 


Amfnoph.v//inc' Ampti/s - T h i s  assay was as described for minophyl l ine 
ampuls. 


I l ~ ; n o p h ) . / / i r i c i - - / ' h ( , t i ~ ~ ~ ) ~ r ~ ; ~ a /  S?rtrp-Minophyl l ine was determined 
as described for minophyl l ine ampuls by suitably diluting a measured 
volume w i t h  0.1 N HrS04. Phenoharhital wa 
a measured volume to  a separator. T h e  solut ion was acidif ied w i t h  d i lu te  
su l fur ic  acid and extracted w i t h  four  2,5-ml port ions of chloroform. T h e  
exlract was evaporated on a water hath, atid the residue was dissolved 
i n  ethanol and quant i ta t ive ly  transferred to  a vo lumetr ic  flask (50 
m l ) .  


T w o  similar volumes were transferred i n to  SO-ml measuring flasks, one 
containing 5 m l  of 1 N N a O H  (Solut ion (') and the other  containing a 
mixture o f 5  ml olO.25 M Na2C'O:l and 5 ml of0.25 M NaHCO:] (Solut ion 
I)). T h e  contents were d i l u ted  to volume. T h e  al)sorbance (AA2;1p,) of 
Solution D was measured at 238 nm using Solution c' as a blank, followed 
h y  measurement of Solut ion C against Solut ion I) a t  260 nm. 


Minop/iy/ / lno Ampu/,\ 


R E S U L T S  AND DISCUSSION 


W i t h  t he convention;il s1)ectrophototnetric method, the  absorbances 
o f t  he prepared solut ions in 0.1 N H2S04 were measured a t  A,,, 274 nm 
f o r  minophyl l ine and at 270 nni l o r  aminophyl l ine. Beer's law was va l id  
w i t h i n  concentrat ion range o f  0.:l-l.8 mg 'A ,  for minophyl l ine and  o f  
0.:3-2.1 my ".I) for aminophyl l ine. T h e  cal ibrat ion curves can be described 
hy  the fol lowing regression equations: 


(Eq. 4) 


(Eq. 5 )  


On application of the A method, a high mean percent recovery (Table 
1)  was obtained. T h e  contr ibut ion of i rrelevant allsorhance led t o  high 
results. 


T h e  ahsor1)arrces of interl'ering substances, e .g . ,  sweetening agents, 
binders, diluents, and fillers, varied l inearly w i t h  wavelength (10). T o  
correct the l inear impur i t y  al)sorhance, the absorbances of the m ino -  
phy l l ine solution were measured at A, 246 nm. A:! 274 nm, and A;] 295 nm 
(Fig. 1 ) .  For the aminophyl l ine solution, A,. As, and A:+ were 242. 270, and 
287 nm. respectively. 


= -(i.0002 + 0.0'80(' ( f o r  tninophyl l ine) 


= -0.002 t 0.4251(' i f o r  aminophyl l ine)  


T h e  A, call he calculated f rom the Ib l lowing formulas: 


A ,  = A?;,  - ( 2 1 / 4 9 ) A ~ 4 ~  - t '28/49)A295 ( for  minophyl l ine)  (Eq. 6 )  


and: 


A, = A2;o - i17/45)A?,? - l 2 8 / 4 5 ) A ? ~ ~  ( f o r  aminophyl l ine)  (Eq. 7)  


W i t h i n  a coticentrat ion range o f  0.9-1.8 mg %I for minophyl l ine a n d  of 
O.:I-'L.l m g  '41 for aminophylline, A, emus C' showed a linear relationship. 
T h e  corresponding calibration curves can be descrihed f rom the following 
repression equations: 


.4, = 0.0010 + 0.1697c' ((or minophyl l ine) (Eq. 8 )  
A, = 0.W40 + O.:1030c' I for  aminophyl l ine)  (Eq. 9) 


W i t h  the orthogonal function method, the absorbances of minophyl l ine 
solut ion were measured over the 266-286-nm wavelength range ah 4 -nm 
intervals. T h e  quadrat ic  coeff icient was calculated hy: 


p2  = [ (+5)A~f i ( j  + (-l)A?;,,  + (-4iA27.1 


t ( -4)As;x + (-1).42si + ( + 5 ) , 4 2 ~ 6 ] / 8 4  (Eq. 10) 


T h e  numbers hetween brackets are given in standard texts i l l ,  I ? ) ,  
and the divisor 84 is the normalizing tactor. W i t h i n  a concentration range 
of 0.3-1.8 mg %, p r  o m u s  showed a linear relationship. T h e  cal ibrat ion 
curve can be described hy: 


p2 X 10' = -0.1410 - 8.1465iC (Eq.  1 1 )  


T h e  wavelength range (Fig. 1 I ot"I(iti-286 mi (A, 276) at 4-nm intervals 
was chosen as the analyt ical set, hecause the value is m a x i m u m  and  
q 2  (where q2 = pyx N and  N is t he  normal iz ing ['actor 84) for a so lut ion 
of 1.9 mg ?h (w/v) minophyl l ine in 0.1 N H2SO4 was found to exceed 
0.140'? 


T h e  results of the assay for dif ferent pharmaceutical preparations are 
presented i n  Tah le  1. T h e  fol lowing conclusions were made. 


T h e  mean percentage lrom results o f t h e  A me thod  is  e i ther  s l ight ly  
or dist inct ly higher than tha t  o f  t he  A, and p2 methods. These data were 
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Figure 2-Curce of phenobarbital (a)  (2 rng (’, ) and rninophylline (b)  
(0 5 mg c,  ) 


subjected to statistical analysis. Since the calculated t value ( n  = 0.05) 
is higher than the theoretical value (Table I), the null hypothesis is re- 
jected (13) and the results of the A, and p2 methods are considered more 
accurate. Therefore, the irrelevant absorbance due to excipients in 
pharmaceutical formulations can be corrected by using the A, and p2 
methods. 


The irrelevant absorbance due to benzyl alcohol is corrected by 
applying the A, method, although the spectrum of henzyl alcohol exhibits 
typical benzenoid structure. I t  exhibits maxima a t  254 CI 40) and 
260 (A ;&  = 34) nm. Because of the low absorptivity and relatively small 
concentration ( i e . ,  in a ratio of -1:12.5 to aminophylline) of benzyl al- 
cohol, canceling of its irrelevant absorbance by application of the A,. 
method is possible. 


The coefficient of variation from the results of the pz  method is always 
high compared with the A and A, methods. Such error in the p2 method 
can be attributed to wavelength-setting errors since extinction mea- 
surements are usually made on theslopes of the absorption curves (14). 
Therefore, for its simplicity and high reproducibility, the A, method is 
preferable to the p2 method. 


The presence of minophylline and phenobarbital in a ratio of about 
30:l in syrup necessitates the separation of phenobarbital prior to its 
estimation. In the assay of minophylline in the presence of phenobarbital, 
there is no problem since the latter absorbs minimally. Furthermore, the 
absorbance of phenobarbital in an acid medium is small and varies lin- 
early with wavelength (Fig. 1). Such absorbance was treated as irrelevant 
absorbance, i . e . ,  corrected by the A, and p:!  methods (Table I) .  


Phenobarbital was determined by the application of the AA method 
(15) a t  A238 (AA?:ja) and i26(] (AA260) nm. The contribution of the differ- 


ential absorbance of minophylline (that could be extracted with pheno- 
barbital) is negligible (Fig. 2). For both AA2:wand U~SO methods, Beer’s 
law is valid within a 0.5-5-mg % concentration range. The regression 
equations are: 


AA23s = 0.0119 + 0.1605C (Eq. 12) 


AA260 = 0.0243 + 0.1530c‘ (Eq. 13) 


AAT = 0.0363 + 0.3135C (Eq. 14) 


where LA?. is (AA2:tn + AA260). 
The results obtained from -1A2:3~, AA260, and A A r  are presented in 


Table I. 
The AA23e method gave lower results than the AA2w method while 


AAT gave a mean value for both. The low results of ~ b t 2 3 e  are attributed 
to the differential absorbance of minophylline (Fig. 2). i .e.,  negative error 
is obtained. Such error becomes positive on reversing the cells in the 
AA2(;0 method. On summing AA23t) and AA260, these errors cancel each 
other. Therefore, it is not surprising that AAT resultsare more accurate 
and give lower coefficients of variation. Moreover, on summing 
and AA2fi0, a higher slope value is obtained, which renders A A r  more 
sensitive. 
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FARNSWORTH DAVID E. MANN, JR. 


BUREAUCRATIC OVERKILL 


Those who have had the good fortune of being able to read newspapers or peri- 
odicals in which columnist James J. Kilpatrick’s writings appear are familiar with 
his uncanny ability to discuss rules and regulations that smack of “overkill.” He 
is able to write about such measures in a manner that-while entertaining and 
amusing-leads the reader persuasively along a pathway to the conclusion that the 
regulation is absurd, ridiculous, and even beyond belief. 


Recently, we read his column concerning a particular regulation that previously 
had our casual support. However, by the time we finished reviewing Mr. Kilpatrick’s 
analysis and commentary, we were squirming in embarrassment for the poor agency 
official who had innocently promulgated the requirement. 


Mr. Kilpatrick’s remarkable ability to blow away all the extraneous aspects and 
to expose the utter absurdity of the underlying requirement came to mind recently 
in connection with one of the ancillary provisions of the Food and Drug Adminis- 
tration’s revised and expanded Good Manufacturing Practices regulations. 


This massive tome. which was released last fall, constitutes FDA’s effort to codify 
who may manufacture drugs and how such manufacturing facilities shall be out- 
fitted, organized, staffed, and operated. While opinions may vary, we happen to 
feel that this basic objective is a good thing. Hence, our immediate, general incli- 
nation is to support these reorganized and expanded GMP regulations. We suspect 
that this attitude is shared by most people in the pharmaceutical field including 
the majority of our readers. 


But tucked away in this huge documentis a provision that, in our opinion a t  least, 
constitutes the regulatory “overkill” that  would cause Mr. Kilpatrick’s ire to rise 
and his typewriter to hum. 


Specifically, John W. West, a pharmacist a t  a Holland, Michigan, community 
hospital, has called attention to FDA’s declaration that hospitals that  do packaging 
for unit dose dispensing must now comply with the full GMP regulations. He notes 
with astonishment and disbelief that, “These regulations are the same as those 
required of the pharmaceutical manufacturing industry. They mandate extensive 
stability testing, in-process inspections, a separate quality control unit, etc. Unlike 
industry, the community hospital pharmacy simply does not have these extensive 
control facilities.” 


Now, if the hospital pharmacy were engaged in drug manufacturing in the usual 
and conventional sense, then there would be no quarrel about FDA’s sweeping 
application of these requirements. But a unit dose dispensing system simply en- 
ahles the pharmacist to dispense the medication in a convenient and ready-to- 
administer form. For example, individual tablets or capsules are dispensed in a 
single packet bearing the name of the drug, its strength, its control number, and 
any other pertinent information. 


Unit dose drug distribution systems have been encouraged by APhA, and other 
professional pharmacy organizations, because their adoption and use have been 
shown to reduce the incidence of medication errors, decrease the cost of delivering 
medication to the patient, and facilitate in drug identification, control, and storage. 
The system has other obvious advantages from the standpoint of minimizing con- 
tamination and maintaining drug purity and potency. 


A gotdly number of drugs can be obtained directly from the manufacturer in unit 
dose package form. But many other drugs are not so available. To fill this gap, 
hospital pharmacists use a simple packaging machine to produce unit dose packets 
in  the hospital pharmacy. 


It  is regarding this operation that the long arm of the FDA has reached in and 
grabbed on grounds that it is “manufacturing” and that it eliminates the pharmacy’s 
exemption from having to comply with the complete GMP requirements which 
apply to full scale drug manufacturing plants. 


The regulations in the Federal Register discussed strip-packaging and related 
types of repackaging by “pharmacies and hospitals in particular,”and in this context 
concluded by saying: 


“When a hospital or pharmacy is engaged in drug repackaging or rela- 
bcling opcrations that are beyond the usual conduct of dispensing or sell- 
ing drugs at retail, houieoer, the exemptions of the act cease to apply; the 
c7stablishment is required to register and is subject to regular inspections 
under section 704 of the act. Furthermore, appropriate current good 
manufacturing practice must be complied with.” 


High quality pharmaceutical service is something that should be encouraged. 
Regrettably, this ill-conceived regulation will discourage such quality service by 
forcing institutional pharmacies to abandon the unit dose concept. 












(14) C. Djerassi, G. Von Mutzenbecher, J. Fajkos, D. H. Williams, and 


(15) W. Stocklin, T. G. Waddell, and T. A. Geissman, Tetrahedron, 


(16) W. Herz, M. V. Lakshmikantham, and J. J. Schmid, ibid , 22,1709 


(17) C. L. Liotta, Tetrahedron Lett., 1975,519. 
(18) R. I. Geran, N. H. Greenberg, M. M. MacDonald, A. M. Schu- 


macher, and B. J. Abbott, Cancer Chemother. Rep. Part 3, 3, 9, 15 
(1972). 


H. Budzikiewicz, J .  Am. Chem. Soc., 87,817 (1965). 


26,2397 (1970). 


(1966). 


ACKNOWLEDGMENTS 


Supported in part by a grant to T. G. Waddell from the Research 
Corporation of America and by Grant CA 17625 to K. H. Lee from the 
National Cancer Institute. Acknowledgment is also made to the Donors 
of the Petroleum Research Fund, administered by the American 
Chemical Society, for partial support of this research. 


The authors thank Dr. Howard E. Smith, Vanderbilt University, for 
the use of the Cary 60 instrument for circular dichroism measurements 
and Colleen McCarty for technical assistance. 


GLC Determination of 
Whole Blood Antimalarial Concentrations 


T. NAKAGAWA*G, T. HIGUCHI*, J. L. HASLAM*x, 
R. D. SHAFFER *, and D. W. MENDENHALL * 
Received April 18,1977, from the *Deparfment of Pharmaceutical Chemistry, University of Kansas, Laulrence. KS 66045. and tlNTERx 
Research Corporation. Lawrence, KS 66044. 
Sciences, Kyoto University, Kyoto 606, Japan. 


Accepted for publication November 21, 1978. QPresent address: Faculty of Pharmaceutical 


Abstract  0 An assay was developed for determining mefloquine (qui- 
nolinemethanol) and pyridinemethanol derivative concentrations in 
whole hlood. The method involved ion-pair extraction or usual solvent 
extraction for drug recovery from whole blood followed by trimethylsi!- 
ylation. The silylated compounds were then submitted to CLC with 
electron-capture or  flame-ionization detection. Mass spectrometry 
combined with GLC of' the trimethylsilyl derivatives indicated that 
substitution of one trimethylsilyl group had occurred on the hydroxyl 
group. A phenyl methyl silicone column with temperature programming 
separated the drugs from normal b l t d  extracts. The determination limit 
was 10 ng/ml of whole blood when an electron-capture detector was used 
with ion-pair extraction. Quantitation was achieved by using one anti- 
malarial as an internal standard for the assay of the other. The utility of 
the present method was demonstrated by following the whole blood level 
time course after a single oral 250-mg tablet in beagle dogs. 


Keyphrases 0 Mefloquine-analysis, GLC, blood 0 Pyridinernethanol 
derivatives-analysis, CLC, blood 0 Antimalarials-analysis, GLC, 
blwd 0 GLC, electron capture-analysis, mefloquine, pyridinemethanol 
derivatives, blood 0 GLC, !lame ionization-analysis, mefloquine, pyr- 
idinemethanol derivatives, blood 


Mefloquine ( I ) ,  ~~-erythro-tu-(2-piperidyl)-2,8-bis- 
(trifluoromethyl)-4-quinolinemethanol, is curative for 
drug-resistant falciparum malaria (1-3). This compound 
has an extremely long biological half-life and is distributed 
rapidly into the body tissue (4), suggesting that the amount 
of the drug circulating in blood is low and persistent. 


DL-threo-a- 2'- Piperidyl-244 - trifluoromethylpheny1)- 
6-trifluoromethyl-4-pyridinemethanol (11) is a new anti- 
malarial with activity against Plasmodium berghei ( 5 ) .  
Sensitive and specific assays for whole blood concentra- 
tions of both compounds were needed. 


H 


piF, 


I1 


Several methods have been used for antimalarial anal- 
ysis, including high-pressure liquid chromatography 
(HPLC) (6,7), GLC (8), fluorometry ( 8 ) ,  and liquid scin- 
tillation counting (9), but no reports have dealt with GLC 
determination of I and I1 in blood. Of these methods, 
HPLC combines better reproducibility and specificity than 
the fluorometry or radioactivity methods with a simple 
pretreatment procedure; it was used for I determination. 
However, HPLC sensitivity was limited by the relatively 
low I extinction coefficient a t  the readily accessible 
wavelengths, 280 and 254 nm; GLC combined with an 
electron-capture detector was expected to give more sen- 
sitive and specific measurements. This paper describes 
whole blood I and I1 determinations by electron-capture 
GLC. 


EXPERIMENTAL 


Reagents and  Materials-Free bases of I and I 1  were prepared by 
alkalizing the corresponding hydrochloride salts using equirnolar sodium 
hydroxide in ethanol. The elemental analysis data f I-calc.: C ,  53.97; H, 
4.%; N, 7.41. Found: C, 54.29; H, 4.09; N, 7.59.11-calc.: C, 56.43; H, 4.49; 
N, 6.93. Found: (.', 56.45; H. 4.47; N ,  6.79). TLC, and G I K  supportrd the 
purity of both free bases. The trimethylsilylating reagent1 was a mixture 
o f  hexamethyldisilazane and trimethylchlorosilane dissolved in pyridine. 
Fresh human blood was obtained from volunteers. All other chemicals 
were commercially available analytical grades and were used without 
l'u r t her purification. 


GLC-The gas chromatograph2 was equipped with an electron-capture 
detector and a flame-ionization detector. A U-shaped glass column (183 


CF, 
I 


I TriSil. Pierce Chemical Co.,  Rockford. Ill. 
Varian Aerograph model 2100, Walnut Creek, Calif. 


7 18 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 6. June 1979 


0022-35491 7910600-07 18$0 1.0010 
@ 1979, American Pharmaceutical Association 







Table I-Compound I Recovery from Spiked Blood Samples by 
Ion-Pair Extraction followed by Electron-Capture and  Flame- 
Ionization GLC Determinations 


Blood Level, ng/ml Recovery (Mean f SD). %" 


50 


1070b 
5356 
107 


40 


10.4c 
5.3' 
1.04' 


I- 
t 


Averane 


246264 
?a77 


87.7 f 4.6 
88.3 f 4.6 
94.0 f 5.2 
92.9 f 9.4 
94.4 f 15.3 


100.5 f 19.1 
93.0 f 9.7 


P 


50 


From three replicate samples Flame-ionization detection. c Electron-capture 
detection 


04 


cm X 4 mm i.d.) was packed with 396 phenyl methyl silicone gum3 coated 
on a flux-calcined diatomite support4 (100-200 mesh, acid washed, di- 
methylchlorosilane treated). The electron-capture detection used an 8 
mCi ":"i-radiation source, a 90-v dc cell voltage, and 1.0-1.2 x IO-gamp 
standing current. For flame-ionization detection, 30 ml of hydrogen 
gash in ,  300 ml of dry a i r h i n ,  and a 300-v dc cell voltage were employed. 
The temperature was maintained a t  250' for both the detector and the 
injector. 


The column temperature was programmed to increase l0/min from 
160 to 250°, followed by flash heating to 280" to elute the high boiling 
materials from the column. The nitrogen carrier gas was adjusted to a 
;IO-ml/min flow rate with a mass flow controller. 


Sample Preparation Procedure--For statistical analysis, human 
blood was spiked with known amounts of the standard free bases to make 
1-1000-ng/ml blood levels and equilibrated by shaking for 30 min. I n  the 
dog experiments, a 2- or 5-ml whole blood portion was withdrawn from 
a beagle dog, transferred immediately to a heavy-duty centrifuge tube, 
and weighed accurately. Two drops of 1596 ethylenediaminetetracar- 
boxylic acid disodium salt solution were added as an anticoagulant. The 
blood samples thus prepared were then extracted. 


Ion-Pair Extraction-To the 5-ml blood sample, 4 ml of 0.2 N HzS04 
and 10 ml of ether were added. After the mixture had been shaken at room 
temperature for 10 min, it was centrifuged a t  M O O  rpm for 15 min. The 
ether layer was removed and discarded. Four milliliters of aqueous 3%) 
trichloroacetic acid solution was added to the remaining blood layer, 
which was extracted three times using 10 ml of ether. An additional 1 ml 
of trichloroacetic acid was added with the ether on the second and third 
extractions. 


For each extraction, the mixture was shaken for 30 min and centrifuged 
a t  2000 rprn for 15 min, after which the ether layer was transferred to a 
separator. The comhined ether extracts were washed with 10 ml of 10% 
NaOH and 10 ml of 10?6 aqueous ammonium hydroxide. After the 
aqueous layer had been drained, the ether layer was transferred to a 
conical flask and evaporated almost to dryness. The flask was further 
dried in a desiccator. 


Ethyl Acetate Extraction-To a 5-ml blood sample in a centrifuge 
tube were added 1.8 ml of 0.1 N NaOH and 10 ml of ethyl acetate. The 


A 


6 


366 I 2jfq fB6 224 
I76 


4 


100 150 200 250 300 350 400 450 
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Figure 1-Gas chromatogram-mass spectra of the free base ( A )  and 
trimethylsilane deriuatiue ( A )  of mefloquine. 
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Table 11-Compound I Recovery from Spiked Blood by Ethyl 
Acetate Extraction followed by Electron-Capture GLC 
Determination 


Blood Level, ng/ml Recovery (Mean f SD) ,  %a 


1044 
104.3 


10.5 
Average 


68.7 f 5.17 
76.3 f 2.77 
90.1 f 42.2 
78.4 f 16.7 


From three replicate samples 


tube was shaken for 30 min and centrifuged at  3200 rpm for 15 min. The 
extraction was repeated twice. The ethyl acetate layers were transferred 
to a conical flask and evaporated almost to dryness. The extracts were 
completely dried in a desiccator. 


E the r  Extraction-To a 2-ml blood sample were added 0.5 ml of 0.1 
N NaOH and 5 ml of ether. After the mixture had been shaken for 15 min 
at room temperature, the ether layer was separated by centrifugation at  
2000 rpm for 10 min and transferred to a conical flask. The remaining 
layer was extracted two more times with <5 ml of ether. The combined 
extracts were evaporated to near dryness. and the residue was dried in 
a desiccator. 


Trimcthylsilylation-The dried residue was dissolved in -1 ml of 
ether and transferred to a small conical test tube. The internal standard 
solution in ethyl acetate was added to the tube based on an estimated 
sample compound concentration. After the solvent had been evaporated 
carefully under a nitrogen stream, 1OOjd of the trimethylsilylating reagent 
(200 pl if  the concentration was expected to be about 500 ng/ml) was 
added, and the solution was left to stand for 10 min a t  room temperature. 
An appropriate volume (0.2-2.0 P I )  of this solution was injected onto the 
GLC column. 


Quantitation-A peak height ratio method was employed. The weight 
ratio for the calibration plot was varied by changing the mixing ratio of 
the standard free bases I and I1 in ethyl acetate solution. The mixed so- 
lution was evaporated to complete dryness and trimethylsilylated ac- 
cording to the described procedure. The calibration plots thus obtained 
showed good linearity for the flame-ionization detection over 1:5 and 51  
weight ratios. The electron-capture detection gave a slightly concave 
curve in the same region; however, a 1:2-2:l weight ratio range produced 
a linear electron-capture detection response. The determination limit 
was 10 ng/ml for I when the electron-capture detection was used in 
comhination with ion-pair extraction, but the flame-ionization detection 
could detect concentrations of 100 iig/ml for both I and 11. 


Dog Experiment-An in vioo experiment was conducted using three 
t'emale beagle dogs. Each dog was fasted 24 hr prior to dosing. One dog 
(7.75 kg) was orally dosed with one 250-mg I tablet; two dogs (13.7 and 
9.0 kg) were dosed with one 250-mg I1 tablet (both drugs as hydrochloride 
salt). From the dog dosed with I, blood was withdrawn through the jugular 
vein a t  0 ,1 ,2 ,2 .5 ,3 ,3 .5 ,4 .4 .5 ,5 ,6 ,8 ,12 ,  24,72, and 144 hr, and a t  2 , 3 ,  
4,5,6,7,  and 9 weeks after administration. The blood volume taken was 
2 ml for the first 6 days and 5 rnl thereafter. From the dogs dosed with 
II ,2  ml of blood was taken a t  0, 1 ,2 ,3 ,4 ,5 ,6 .8 ,12 ,48 ,  and 72 hr after 
dosing. 


RESULTS AND DISCUSSION 


Since the average blood I level was expected to be lower than the I1 level 
from the same dosage, ion-pair extraction was used to obtain a better I 
recovery. An ethyl acetate extraction was examined as a possible proce- 
dural simplification. Tables I and I1 list the results for the statistical 
analysis of I recovery from spiked blood by ion-pair extraction and by 
ethyl acetate extraction, respectively. The ion-pair extraction gave higher 
I recovery and better reproducibility than ethyl acetate extraction; 
however, the standard deviation increased gradually a t  the lower levels. 
The ethyl acetate extraction was applicable to levels above 100 ng/ml. 
The recovery of 11 from the spiked blood was studied by ethyl ether ex- 
traction; a very high recovery with good reproducibility was observed for 
all levels examined (Table 111). 


In Tables 1-111, the electron-capture deteEtion and the flame-ionization 
detection were used for recovery determination. Electron-capture de- 
tection is highly sensitive to antimalarials that  contain two trifluoro- 
methyl groups per molecule but has a lower sensitivity to cholesterols, 
the major extracted blood component. The solvent peak tailing which 
sometimes interferes with drug peak separation in flame-ionization de- 
tection can be reduced by using low electron affinity solvents. Electron- 
capture detection has a relatively narrow dynamic range compared with 
flame-ionization detection, and detector stability and sensitivity depend 
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Table 111-Compound I1 Recovery from Spiked Blood by Ether  
Extraction followed by Electron-Capture GLC Determination 


Spiked Level, n h l  Recovery, % 


29¶ 
183 202222 290 


I43 1 1  


lo00 
500 


460 


100 
50 
10 


Mean f SD 


99.6 
96.2 
99.6 


103.8 
106.0 


101.0 f 2.8 


more suhtly on the detector condition than does flame-ionization detec- 
tion. The detection limits for each drug were 1 ng/ml with the electron- 
capture detection (the limit of accurate determination is 10 ng/ml, Table 
I )  and 100 ng/ml with the flame-ionization detection under the best 
condition. Thus, the electron-capture detection was used for blood levels 
of 10-1OOO ng/ml and the flame-ionization detection was limited to levels 
higher than 100 ng/ml. 


The I and I1 free bases without trimethylsilyl derivative formation gave 
tailing peaks on the chromatogram, which subsequently overlapped 
normal blood component background peaks. The trimethylsilyl deriva- 
tization produced sharper and higher peaks with shorter retention times, 
which helped separate the derivatives from the background peaks. 


The reaction conditions used to prepare the trimethylsilyl derivatives 
were studied. The I and I1 free bases recovered from 2 or 5 ml of whole 
blood were completely derivatized with 100 p1 of the silylating reagent 
at  room temperature. An additional 100 pI of the reagent was used when 
a higher level of drug was found; the sample was further diluted so as to 
fall in the electron-capture detection sensitivity range. Silylation reaction 
time dependence was examined by injecting samples a t  1,5,10, and 30 
min after silylating reagent addition. The 1-min sample indicated about 
a 50% silyl derivative yield; just a trace amount of the unreacted species 
was found in the 5-min sample. For reaction times hetween 10 min and 
1 day, neither a peak due to unreacted species nor measurable changes 
in the peak intensity were observed. 
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Figure 2-Gas chromatograni-mass spectra of the free haw ( A )  and 
~rrmf~thyisilanc derioatiue ( R )  of 11 
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Figure 3-Time course of the whole blood mefloquine concentration 
tn a beagle dog giwn a s i n g h  250-rng ta hfet. 
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Figure 3-Time course of the whole blood mefloquine concentration 
tn a beagle dog giwn a s i n g h  250-rng ta hfet. 


T o  confirm the structure of the trimethylsilyl derivative, GLC-mass 
spectra of the derivatized and underivatized free bases were obtained. 
The spectrum for trimethylsilyl-I (Fig. 1B) indicates the formation of 
the ( M  - 1 - CH3)+ ion a t  m / e  434; the I free base had an (M - 1)+ ion 
a t  m/e 377 (Fig. 1A). Theassignments of some possible fragment ions are 
summarized as: 


I free base (M = 378) derivatized I (M = 434) 


- m/e assignment - m/e assignment 


359 M - 1 -  H,O 


'293 M - l -  -4J w'--D 
I I H 


9 293 M - (CH,),Si - 


I 
H I CF, 


I 
peak) H 


The trimethylsilyl-I1 spectrum (Fig. 2R) similarly indicated ( M  - 1 
- CH:,)+ ion formation a t  m / e  460, and I1 free base (Fig. 2A) gave the (M 
- 1)+ ion a t  ni/e 403. Some other fragment ions are shown below: 


11 free base ( M  = 404) deriwtized I1 iM = 476) 


assignment rn I P  - m / P  assignment 
403 M - 1 .if30 M - l  - C H ,  
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Spectra for free bases and trimethylsilyl derivatives confirmed that 


one trimethylsilyl group had been substituted a t  the hydroxy group. 
I n  uiuo experiments were carried out to examine the utility of the 


present method (Figs. 3-51), The flame-ionization detection was used for 
the samples taken in the 1st week; the electron-capture detection was 
used for the samples taken thereafter. Figures 3 and 4 indicate the time 
course of whole blood I levels for the first 24 hr and for the following 42 
days, respectively. A rapid increase in the blood I level was observed up 
to the maximum point a t  3 hr, followed by a very slow decrease to a level 
of 18 nglml a t  7 weeks. No measurable level was observed in the 9th-week 
blood sample. A semilogarithmic plot of the data in Figs. 3 and 4 led to 
a I elimination half-life of 10.2 days with a 0.068 day-' rate constant. 


Figure 5 shows the I1 time course plots given as the mean of two ex- 
periments. The blood I1 level increased ddring the first 3 hr after ad- 
ministration, reached a maximum level which was maintained for about 
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5 hr, and then decreased slowly. From the semilogarithmic time course 
data plot, an elimination half-life and an elimination rate constant for 
I1 were estimated to be 24.8 hr and 0.028 hr-’, respectively. The results 
for I and I1 suggested that I is about 10 times more persistent than I1 in 
its elimination from dogs. 


DAYS 


Figure 4-Time course of the whole blood mefloguine concentration 
in a beagle dog given a single 250-mg tablet. 
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Figure 5-Time course of the average whole blood I /  concentration in 
two beagle dags given 2.50-mg tablets. 
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Abstract 0 Hammer mill applicability in the comixing milling operation 
is discussed with reference to a 1:lOOO microfine salicylic acid-sucrose 
binary system. The hammer mill would not serve as a mixing machine 
under most circumstances because o f  the low holdup capacity. Grinding 
of pure materials was preferable to mixture grinding since active ingre- 
dients could be lost during the milling operation. Remixing was always 
necessary following comminution of  the mixture in the hammer mill. 
Grinding followed by remixing considerably enhanced mixture homo- 
geneity. A large size range was produced by comminution, which resulted 
in the segregation of ordered units such that the final mixture could be 
described as a randomized ordered mixture. 


Keyphrases 0 Powders-homogenization using a hammer mill, su-  
crose-salicylic acid Pharmaceutical formulations-powders, homog- 
enization using a hammer mill, sucrose-salicylic acid 0 Hammer mill- 
powder homogenizat ion, sucrose-salicylic acid 


Many raw materials are supplied in a form requiring no 
further processing. However, grinding or cutting may be 
indicated with waxes and vegetable drugs or when ag- 
glomeration of starting materials occurs on storage. If 
grinding is a necessary stage in manufacturing or is re- 
quired to attain a desired homogeneity, the hammer mill 
is frequently used for comminution. 


Mixing is impossible when CR, the theoretical standard 
deviation of the fully randomized system, is equal to or 
greater than CA,  the specification index (1). The CR value 
can be calculated from the sample size and the known 
proportions of the powders to be mixed using Lacey’s 
equation (2): 


(Eq. 1) 


where X and Yare the proportions of the two ingredients 
and N is the number of particles in the samples. The U A  


value is calculated from the desired homogeneity of the 
powder mixture (3). The value of UR can be reduced by 
increasing the particle number per sample, which implies 
that size reduction is necessary. 


Even though the hammer mill has been extensively used 
in the pharmaceutical industry for size reduction, limited 
evaluation has been carried out on the mixing performance 
of industrial comminution equipment. Most equipment 
used in comminution was ineffective for powder mixing 
operations because of the low holdup capacity (4). With 
nonflowing materials, passing a preblend through a ham- 
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Abstract 0 The unexplained variation in the relationships between 
carminative activities and octanol-water distribution coefficients of 
various classes of compounds was explained. The steric substituent 
constant (E, )  value, van der Waals volume, and molecular connectivity 
were introduced into a previously derived correlation. Each parameter 
brought about an improvement, and molecular connectivity was the most 
successful. Correlations containing molecular connectivity terms ex- 
plained the excess variation. The results were in agreement with a 
mechanism in which carminative activity depended on the availability 
of the oxygen atom in the functional group of the molecule and was re- 
duced when the substituent attached to the oxygen hindered the inter- 
action between the oxygen atom and the receptor. 


Keyphrases Carminative activities-various oxygen-containing 
compounds, related to solubility, steric considerations Solubility- 
various oxygen-containing compounds, related to carminative activities, 
steric considerations 0 Structure-activity relationships-carminative 
activities of various oxygen-containing compounds related to solubility, 
steric considerations 


Recently, the carminative activities of 34 alcohols, esters, 
ethers, phenols, and carbonyl compounds were described 
(1). Carminative activity was expressed as the ability to 
produce a 50% inhibition (IDSO) of a standard response to 
carbachol in the guinea pig isolated ileum preparation. 
Regression analysis revealed a significant rectilinear re- 
lationship between log 1/ID50 and the logarithms of the 
octanol-water distribution coefficients (log P ) ,  but the 
correlation equation explained only 50% of the varia- 
tion. 


However, each chemical class of compounds, in isolation, 
produced more precise correlations, indicating the influ- 
ence of factors other than solubility on carminative ac- 
tivity. Electronic distributions were unimportant, and it 
was suggested that the variation was due to the oxygen 
atom being shielded by the group attached to it. Conse- 
quently, the bulkier the group, the lower would be the 
carminative activity. Therefore, the hypothesis was tested 
by introducing steric parameters into the correlation 
equation between log P and log l/IDSO. 


EXPERIMENTAL 
The IDSO results and octanol-water distribution coefficients were re- 


ported previously (1). The compounds examined and other data are listed 


in Table I. All compounds consist of an oxygen joined to two chemical 
groups, one of which may be hydrogen. In choosing the groups to which 
to assign steric parameters, the decision was unambiguous with four of 
the five ethers since they each had two identical groups linked to oxygen. 
The vinyl group was chosen for the fifth compound, ethyl vinyl ether, 
since it was the smaller group. Similarly, values for hydrogen were given 
to all of the alcohols and phenols. The smaller groups were chosen because 
it was considered that interaction between oxygen and the receptor site 
would take place along the path of least resistance. 


In each compound, the groups are located on opposite sides of the 
oxygen atom so that it is unlikely that both groups would interfere a t  once. 
Therefore, the probability of interaction through the bulkier group would 
be low. No logical way of allocating steric parameters to the carbonyl 
compounds, in accord with these assignments, was possible, so this class 
of compounds was omitted from the correlations. It was suggested pre- 
viously (1) that the carbonyl oxygen of the esters, and not the ether 
oxygen, was responsible for carminative activity. Parameters for CH&= 
were assigned, therefore, to the esters (since they are all acetates). 


RESULTS AND DISCUSSION 
Taft  (2) assigned substituent constants ( E 8 ) ,  which are a measure of 


steric effects on reaction rates, to a range of substituent groups. The best 
correlation of log l/IDm against log P, reported previously ( l ) ,  and the 
E,  value is: 


log 1hD.q~ = 0.128 + 0.521(0.059) log P + 0.360(0.077) E, (Eq. 1) 
8.8 4.7 


n = 22 r = 0.915 s = 0.220 F Z J ~  = 49a(0.001) = 10.2 


where n represents the number of results considered (reduced from 26 
to 22 because an E, value for CH&= was not available), r is the corre- 
lation coefficient, and s is the standard deviation. The figures in paren- 
thesis following the coefficient in log P and E, represent their standard 
errors ( p  = 0.05), and the figures below the coefficients are the ratios of 
the coefficients to their standard errors. Comparison of these values with 
t values obtained from statistical tables indicated that both physical 
parameters are related to log 1/IDm ( p  < 0.001). 


Equation 1 explains 84% of the variation and is a significant im- 
provement on the corresponding equation containing log P alone. The 
relationship is confirmed by the figures shown below the equation, which 
are the results of analysis of variance of the observed results about the 
regression, followed by an F test. 


Kier and coworkers (3,4) developed a range of parameters, collectively 
termed molecular connectivity (x), related to the topological structure 
of organic groups. The simplest term, the zero-order connectivity, is 
designated O x u  and is calculated from: 


(Eq. 2) 


where di is a number assigned to each nonhydrogen atom and reflects the 


0 v =  x x (&)-1’Z 
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Table I-Steric Parameters 
V,,,. Molecular 


Compound 


Isobutyl alcohol 
n-Butyl acetate 
1,2-Dihydroxybenzene 
1,3-Dihydroxybenzene 
1.4-Dihydroxybenzene 
o-Cresol 
m-Cresol 
p-Cresol 
Dibutyl ether 
Diethyl ether 
3,4-Dimethylphenol 
Diisopropyl ether 
Di ropy1 ether 
Etryl acetate 
Ethyl vinyl ether 
Eugenol 
Hexanol 
Menthol 
2-Methoxyphenol 
4-Methoxyphenol 
1-Pentanol 
2-Phenoxyethanol 
Isopropyl acetate 
n-Propyl acetate 
Salicylaldehyde 
Thvmol 


Hindering 
Group 


H 
CH&= 
H 
H 
H 
H 
H 
H 


H 
H 
H 
H 
H 
H 


H 
H 


1.24 
- 
1.24 
1.24 
1.24 
1.24 
1.24 
1.24 


-0.39 
-0.07 


-0.47 
-0.36 


1.24 


- 
- 
1.24 
1.24 
1.24 
1.24 
1.24 
1.24 
1.24 


- 
1.24 
1.24 


-. 


nm3 x 
10-1 


0.022 
0.364 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.651 
0.343 
0.022 
0.497 
0.497 
0.364 
0.301 
0.022 


0.000 o.oO0 
1.500 0.704 
0.000 0.000 
o.Oo0 0.000 
o.oO0 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
3.121 1.996 
1.707 0.996 
0.000 0.000 
2.577 1.390 
2.414 1.495 
1.500 0.704 
1.284 0.644 


. ~~~ o.Oo0 o.oO0 
0.022 0.000 o.Oo0 
0.022 0.000 o.oO0 
0.022 0.000 0.000 
0.022 o.Oo0 o.oO0 
0.022 0.000 0.000 
0.022 0.000 0.000 
0.364 1.500 0.704 
0.364 1.500 0.704 
0.022 0.000 0.000 
0.022 0.000 0.000 


number of atoms bonded to it. A similar term is derived for each bond 
by calculating the product of the numbers associated with the two atoms 
of the bond. These values are summed to give the first-order connectivity, 
*xu. In general, extended terms of x (“xi) are computed for linear paths, 
p ,  of m bonds by: 


(Eq. 3) 


where N ,  is the number of distinct paths with m edges. Detailed infor- 
mation on the significance and calculation of connectivities was reported 
previously (4, 5) .  Murray (6) demonstrated relationships between E, 
values and connectivity. Therefore, correlations similar to Eq. 1 were 
attempted with connectivity terms in place of E,. This substitution 
provided the advantage that a steric parameter could be allocated to the 
esters. Connectivities are given in Table I. The best correlations obtained 
are represented by Eqs. 4-6: 


log l/IDso = 0.563 + 0.537(0.048) log P - 0.242(0.039) “ X U  (Eq. 4) 
11.3 6.2 


r = 0.937 n = 26 s = 0.186 F2.23 = 83.0~~(0.001) = 9.47 
t ( @  = 24;p = 0.001) = 3.75 


log 1/ID50 = 0.531 + 0.553(0.045) log P - 0.433(0.064) ‘xu (Eq. 5) 
12.3 6.8 


r = 0.944 n = 26 s = 0.056 F 2 . 2 ~  = 9.46n(0.001) = 9.47 
log 1/ID60 = 0.478 + 0.577(0.048) log P + 0.351(0.284)0~” 


12.0 1.2 
-1.036(0.493) ‘xi’ (Eq. 6) 


2.1 
r = 0.948 n = 26 s = 0.054 F3,22 = 65.0a(0.001) = 7.80 


t ( $  = 23; p = 0.03) = 1.06 


There is no significant difference between the equations with regard 
to goodness of fit ( p  > 0.05), but all are better than Eq. 1 ( p  < 0.01). 
Therefore, Ox” and ‘xu are more suitable than E, for assessing the steric 
hindrance presented by groups bonded to oxygen in the carminative 
molecules. There is nothing to choose between the two connectivity terms 
( p  > 0.051, and the fit is not improved either by combining them or by 
incorporating higher order connectivity parameters. No combination of 
connectivities alone gave a satisfactory correlation with log l/IDso. A term 
involving the distribution coefficient was always essential for a good 
predictive relationship. 


The E, values are linear functions of van der Waals radii (6-8). Mori- 
guchi et a / .  (9) published a list of van der Waals volumes, V,. for sub- 
stituent groups and used them as a measure of steric effects on biological 


activities. Multiple regression analysis of log P and V, against the car- 
minative activities of the alcohols, esters, ethers, and phenols produced 
Eq. 7: 


(Eq. 7) log 1/IDm = 0.576 + 0.529(0.057) log P - 0.893(0.201)V, 
9.3 4.5 


r = 0.909 n = 26 s = 0.222 F2.23 = 55a(0.001) = 9.47 


It is a significant improvement on the corresponding equation containing 
log P as the only independent variable, but it is not as good a correlation 
as Eqs. 4-6. 


The E, values are defined by: 


where k and ko represent rate constants for the acid hydrolysis of esters 
(RlCOORz); ko is the rate constant when R1 is methyl, and k is the cor- 
responding constant when R1 is the substituent group of interest. The 
underlying principle of the concept is that acid hydrolysis of esters is not 
influenced by polar effects and is dependent exclusively on the stereo- 
chemistry of the transition state. 


In the present work, the groups are attached to oxygen, rather than 
to carbon, representing a different environment from that used to cal- 
culate the parameters. Nevertheless, it can be argued that since the 
groups are all bohded to the same element, any errors involved in using 
E, values would be constant. A more serious objection is that the second 
group attached to the oxygen varies from compound to compound, al- 
though the same criticism can be leveled at  Taft’s calculations (2) in which 
a range of alkyl groups (Rz) was used. Furthermore, since the second 
group in each carminative is remote from the first, significant steric in- 
teraction on the other side of the oxygen atom would be unlikely. An 
exception is possible with substituents containing bulky groups alpha 
to the oxygen; but the only candidate for this situation was 2-methoxy- 
phenol, and its carminative activity is predicted reasonably well by Eq. 
1. The principal effect brought about by the second group attached to 
oxygen would be expected to be polar rather than steric. 


The E, values may give better predictions than van der Waals volumes, 
which are calculated geometrically, because they are based on chemical 
considerations. Molecular connectivity was the most successful approach. 
This method of expressing the stereochemistry of substituent groups is 
more sophisticated than the van der Waals volume, and the results ob- 
tained with carminatives suggest that  they are more representative of 
steric hindrance than either E, or V,. The failure of the E, values to 
match the success achieved with connectivities could be due to inherent 
errors in their derivation, particularly the assumption that the reaction 
constants ( P A  and p ~ )  are equal. Taft  (2) described E, values as “nearly 
quantitative measures of steric factors.” 


The most important conclusion is that correlations between carmi- 
native activity and the distribution coefficient are improved by consid- 
eration of a parameter that is a measure of steric factors. All three pa- 
rameters examined brought about such an improvement. Molecular 
connectivities were the best parameters and are easily calculated. Pre- 
viously (I), correlation of the log 1/ID50 for all compounds against log P 
gave a relationship that explained only 50% of the variation. But when 
only one chemical class, hydroxy compounds, was considered, 90% of the 
variation was accounted for. Inclusion of molecular connectivity terms 
in the first correlation increased the explained variation from 50 to 
88-90%, as shown in Eqs. 4-6. The inference is that steric factors are the 
sole cause of biological variation resulting from changing the functional 
groups in the carminatives investigated. 
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Table IV-Aziridinylbenzoquinone Activity Based on Selected 
Criteria a 


Intrace- Intraperi- 
Com- Ependymo- rebral toneal 
pound hlastoma L-1210 P-388 L-1210 HI6 


I 1  
111 
1V 
VI 


v11 
XI1 


XI11 
XIV xv 
XVI 


XVII 
XVlll xx 


XXI 
XXII 


XXllI 
XXVII 


X 
X 
X 
X 


X 
X 


X 


X 


X 


X 


X 
X 
X 


X 


X 
X 
X 
X 
X 
X 
X 
X 


NTh 
X 
X 
X 
X 
X 
X 


X 


X 


X 
X 
X 


X 


An X indicates a compound that meets the following criterion: ependymo- 
blastoma. multiple long-term survivors in hoth experiments; intrarerehral L-1210, 
confirmed T/C >150%: P-388, confirmed T/C >20&; intraperitoneal L-1210, 
confirmed T/C >200%; and B16. confirmed T/C >14W. 


XIV was inactive against subcutaneous and intracerebral R16 melano- 
carcinoma as well as subcutaneous and intravenous Lewis lung carcinoma. 
I t  had confirmed activity against nine murine models: the five models 
in Table IV and the four shown in Table V. 


Not tested. 


Table  V-Additional Antitumor Data  for XIV a 


Treatment Activity 
Tumor O.D. Schedule T/C Criterion (T/C) 


CD mammary (mouse)h 12.5 Q7D X 5 23c S42 
Intracerehral P-388d 1.5 QD 1-9 151 1125 
C38 colon 25 Q 7 D x 3  32' 542 
C26 colon' 3.1 Q4D X 3 240(4) I130  


0 Highest reproduced T/C; see notes of Table 111 for definitions. * Subcutaneous 
tumor implantation. C Rased on mean tumor weights estimated from tumor di- 
ameter. d lntracerebral tumor implantation. e lntraperitoneal tumor implanta- 
tion. 


Pharmacological studies are currently underway with XIV. After de- 
velopment of an acceptable formulation, preclinical toxicological studies 
will be initiated. 
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Abstract The solubility of doxycycline monohydrate and doxycycline 
hydrochloride dihydrate was investigated in aqueous solution. The hy- 
drochloride dihydrate salt was isolated and identified from solutions 
initially containing doxycycline hyclate in water. The pKa' = 3.09 ( p  = 
0.1 and 25') for protonation of doxycycline was determined spectro- 
photometrically. The pH-solubility profiles were determined for doxy- 
cycline monohydrate in water and in 1.0 M NaNOs-HNO:% and NaCI- 
HCI. The pH-solubility profile a t  25O for doxycycline in aqueous hy- 
drochloric acid without added salt reached a sharp maximum of 50 mg/ml 
at pH 2.16. Added chloride ion strongly suppressed the solubility of the 
hydrochloride dihydrate salt. The apparent solubility product was not 
constant but decreased as the concentration of added salt increased. A 


theoretical model was developed involving dimerization of doxycycline 
and applied to the experimental data. The dimerization constant, Kd = 
24 M-I ,  and true solubility product, K:p = 1.8 X lo-"*, were calculated. 
The effect of concentration on NMR and visible spectra indicated that 
dimerization resulted from intermolecular hydrogen bonding of the 
phenolic &diketone portion of the molecule. 


Keyphrases 0 Doxycycline-monohydrate and hydrochloride dihydrate 
salts, solubility in aqueous solution, effect of pH 0 Solubility-doxycy- 
cline monohydrate and hydrochloride dihydrate in aqueous solution, 
effect of pH 0 Antibacterials-doxycycline monohydrate and hydro- 
chloride dihydrate, solubility in aqueous solution, effect of pH 


KnQwledge of quantitative solubility relationships in 
purely aqueous solutions is highly important to pharma- 
ceutical research and product development. In water, so- 


lute activity is the summation of numerous associative 
interactions of the drug with other drug molecules and the 
solvent. These interactions often cause solutions of phar- 
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maceutical interest to  deviate from thermodynamic ide- 
ality (I). 


The  complex nature of liquid water and its self-associ- 
ation via hydrogen bonding are major complicating factors 
in the study of aqueous solubility. Another problem is that 
concentration is usually measured rather than thermo- 
dynamic activity (21, except in the case of hydrogen ions. 
Specific solute-solute and solute-solvent interactions may 
also be present, such as self-association of drug, hydrogen 
bonding, and ion pairing. 


The  effects of pH, drug ionization, salts, solvent (in 
mixed aqueous systems), and temperature on the solubility 
of several drugs were studied (1-3). The observed pH- 
solubility relationships in most cases followed basic 
mathematical expressions derived from the law of mass 
action. 


An unusual characteristic of aqueous systems leading 
to nonideal behavior is the existence of common ion effects. 
Although the concept of solubility product equilibrium 
originated in inorganic chemistry, this phenomenon also 
has been observed for organic compounds of pharmaceu- 
tical interest. Triamterene exhibited common ion equi- 
libria with hydrochloric, nitric, sulfuric, and phosphoric 
acids (3). pH-solubility profiles containing maxima a t  pH 
2-3 were reported for chlortetracycline, demeclocycline, 
and methacycline hydrochlorides in sodium acetate- 
hydrochloric acid buffers (4). The decrease in solubility 
a t  lower pH values was attributed to the common ion effect 
of chloride on the solubility product equilibrium of the 
hydrochloride salts. The  apparent dissolution rates and 
solubilities of these hydrochloride salts were less than those 
of the respective free base forms in chloride-containing 
media. Tetracycline hydrochloride, however, exhibited a 
low sensitivity to the chloride ion. 


The present paper reports a quantitative study of the 
solubility properties of doxycycline monohydrate (Ia) and 
hydrochloride dihydrate (Ib) crystal forms. Common ion 
effects due to chloride and nonideal solubility behavior 
were investigated. 


EXPERIMENTAL 


Materials-Doxycycline monohydrate’ was used as received. Doxy- 
cycline hydrochloride dihydrate was prepared from doxycycline hyclate2 
(Ic) by aqueous recrystallization. Doxycycline hyclate was dissolved in 
warm (40’) water to make a : W O O  solution. The solution was purged with 
nitrogen and refrigerated for 4 days. The resulting bright-yellow crystals 
were isolated and air dried a t  room temperature. Based on elemental 
analyses (C, H, N, Cl-), water content (Karl Fischer method), and neu- 
tralization equivalent, the product was identified as the hydrochloride 
dihydrate salt of doxycycline. Paper chromatography and UV spectro- 
photometry confirmed that degradation had not occurred. 


CH, 0 


Ia: * H , O  
Ib: .HCI .2H2O 
Ic: . HCI . 0 . 5 H 2 0  .0.5C,H,OH 


Lot 42376, Pl’izer. 
*Lot 55028, Pl’izer. 


All other chemicals were reagent grade. Water was deionized and 
double distilled. 


Solubility Determination-Equilibration a t  25 f 0.2’ was achieved 
with a vibratory mixer? and constant-temperature water bath. Excess 
amounts of drug were added to amher ampuls containing 5 ml of solution. 
The  sealed ampuls were attached to a plastic holder assemhly and vi- 
brated for 18 hr. Preliminary experiments established that this time was 
sufficient for equilibration. The suspensions a t  equilihrium were filtered4, 
and the first 2 ml of filtrate was discarded. 


Apparent hinding of doxycycline to the membrane filter caused the 
concentration in the initial volumes of filtrate to he lower than in later 
aliquots. This technical artifact has been observed for several other 
compounds (5). The pH was determined5 after filtration. Solutions were 
diluted in 0.1 N HCI and assayed spectrophotometrically a t  345 nm6. 
Solut inns followed Beer’s law under these conditions. 


pKa’ Determination-The apparent ionization constant, pKa’, for 
formation of monoprotonated doxycycline was determined spectro- 
photometrically in citrate buffers a t  p = 0.1 (NaCI) and 25’. The ab- 
sorption spectra of the ionized and nonionized forms indicated that 262 
nm was a suitable analytical wavelength. The absorbance of doxycycline 
was measured a t  several pH values, and the pKa’ was calculated t)y the 
method of Albert and Serjeant (6). 


Spect ra l  Studies-NMR spectra were obtained using a 100-MHz 
spectrometer?. Visible absorption measurements were made on a dou- 
ble-beam spectrophotometer*. Linearity of detector response over the 
absorbance range used was verified by constructing a Beer’s law plot for 
FD&C Yellow No. 6 dye in water. 


THEORY 


Basic pH-Solubility Relationships-Mathematical expressions for 
the solubility of acid-base forms of weak electrolytes were reported 
previously (1-3). The terminology of Kramer and Flynn ( 1 )  is used here. 
For weak bases in the pH region where the soluhility of the protonated 
form is limiting, the total solubility is: 


ST,~H<~H,,, ,  = [BH’], + [B] = [BH+],(1 + Kb/[H+]) (Eq. 1) 


where BH+ is the  protonated or  salt form, B is the free base, Kb is the 
apparent ionization constant, and subscripts denotes saturation. The  
pH,,, is defined as the pH a t  which both base and salt species are si- 
multaneously saturated. In a similar manner, the total solubility in the 
pH region where the free base solubility is limiting may be expressed 
as: 


ST.~H>~H, , ,~ ,  = IBH+] + [Bl,. = [Bl,q(l + [H+]/Kb) (Eq. 2) 


The present treatment differs from that in Ref. 1 in the theoretical de- 
velopment of pH,,,. The solubility at this pH is given by: 


Therefore, Eqs. 1-3 should be sufficient to explain the solubility of a weak 
base throughout the pH region where pKa‘ is applicable. The pH,,, is 
defined as: 


IBIA pH,,, = pKa’ + log - 
[BH+ls 


(Eq. 4)  


Application of the  Gibbs phase rule to  a system a t  pH,,, indicates tha t  
it is thermodynamically invariant. Therefore, addition of small amounts 
of acid or base cannot change the equilibrium pH or solubility. For ex- 
ample, addition of the conjugate acid, ~.g., hydrochloric acid for a hy- 
drochloride salt, temporarily upsets the equilibrium by fnrming pro- 
tonated species from base species in solution. Since the concentration 
of the salt form is then above saturation, precipitation occurs to rees- 
tahlish its soluhility equilihrium. Solid base form also must dissolve to 
replace the amount “removed” from solution by protonation. 


During these events, the pH decreases initially upon addition of acid 
hut then returns to pH,., a t  equilibrium. The net result is that the solid 
hase form is converted to the solid salt form ilia the solution phase. This 
transformation may proceed until the supply of the solid base form is 


:I Vihro-Mixer E l ,  GO Hz, Chernapec, Woidl)ury. N.Y. 
Millipore. 0.45 pm. 
PHM 62. Radiometer, Copenhagen. Denmark. 


6 Model 240, Cilford. 
Varian XL-100. 


8Heckman Acta I l l .  
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T a b l e  I-Effect of  Ammonium Chlor ide  a n d  Sodium C h l o r i d e  o n  
the Solubi l i tv  of Ib in  W a t e r  at 25" 


[SODIUM NITRATE], M 


Figure  I-.%dubi/il). o / /a  u s  u function o/sodiirrn nilratc concentration 
in rcatrr n l  25". ('oncc~ntratirm is expre.s.srd as f r w  basr equiualrnt. 


exhausted. The  system would then he controlled by Eq. 1 in the normal 
manner. 


A similiar explanation is applicable for addition of hydroxide to convert 
a salt ol' a weak base into its free base form. This  t reatment  cannot ac- 
count for salt effects such as  would arise from the generation of sodium 
chloride from a hydrochloride salt reacting wit.h sodium hydroxide. 


The  i n  situ salt t o  base conversion, or its reverse, is often experimen- 
tally expedient since hot h forms of a particular compound are  often not  
available in the pure fitate. The  by-product salt generated must  not be 
neglected in interpretat ion of the data, however, since the  solubility of 
many compounds is quite dependent on  the presence of an electrolyte. 
This problem may he avoided in some cases hy addition o f  a background 
electrolyte to maintain ionic strength essentially constant. 


Common Ion Effects-The equili1)rium for the solubility of a hy- 
drochloride salt o f a  weak hnse in water is described by Scheme 1 and Eq. 
5: 


(HH+CI-)s , ,~ ,~  * [HH+I, + ICl-1 
Schcmc, I 


K 


(Eq. 5) 


Concentration and activity must be assumed to be equivalent since direct 
measurement of  activity ib often not possible for the  species of interest 
other than the hydrogen ion. 


If it is assumed that  the activity of the  solid material is constant, Eq. 
5 may he converted to  the  familiar expression for the solubility product 
constant: 


KOp = (HH+I,(CI-] = K(BH+CI-),,,lid (Eq.  6) 


The duutlrent solubility product calculated from experimental da ta  is 
definex by: 


6 


- 4  
F . 
2 


I I 1 


3 4 5 
PH 


(Eq. 7) 


F i g u r e  2-Thr pH-sohbi l i ty  profiles for l a  in 1.0 M NaN03-HNO2 
I.) and 1.0 M NaC1-HCl (0) at 25'. The  solid lines were calculated 
according t o  Ey. 2 using the following constants: NaNO;j-HNO;,, pKa'  
= 3.25, [HI, = 1.25 mglml; and NaCl-HCI. pKa' = 3.20, [BJ, = 0.72 
mglml. Concentration is expressed as free base equiualent. 


0 0.121 2.16 0.121 13.1 


0.02 0.0913 2.16 0.111 9.1 
0.05 0.0631 2.26 0.113 6.2 
0.1 0.0336 2.44 0.134 3.7 
0.2 0.0193 2.57 0.219 4.2 
0.4 0.0091 2.76 0.409 2.5 
0.8 0.0049 2.89 0.805 2.4 
1 .0 0.0039 2.93 1.004 2.3 


Ammonium chloride 


Sodium chloride 
0.02 0.0905 2.16 0.111 8.9 
0.0.5 0.0648 2.25 0.1 15 6.5 
0.1 0.0385 2.40 0.139 4.4 
0.2 0.0180 2.58 0.218 3.0 
0.4 0.0079 2.75 0.408 2.2 
0.8 0.0040 2.89 0.804 2.0 
1 .0 0.0031 2.95 1.003 1.8 


Calculated from Eq. 9. Calculated Irom Kq.  8 using pKa' = :<.on. 


Substitution of Eqs. 1 and 7 into Eq. 6 yields a n  expression for KYp a s  a 
function of pH: 


(Eq.  8) 


The  1Cl-l in Scheme I and Eqs. 5- 8 must be the total chloride ion present 
in the system. This  value is obtained by summation of (M+CI-], where 
M +  = BH+,  H+,  Na+,  e tc . ,  according to: 


[Cl-1 = [M+CI-J, (Eq.  9) 
I 


When the  system is composed of  monnvalent cations and chloride is the  
only anion, [Cl-1 is equal to the  ionic strength. 


R E S U L T S  AND D I S C U S S I O N  


Ionizat ion Constant--The pKa' of doxycycline was determined 
spectrophotometrically. A value of 3.09 f 0.09 (17 measurements) was 
calculated a t  p = 0.1 and 25O. This  pKa'is in agreement with literature 
values for doxycycline, pKa = 3.4, a s  well a s  the  pKa = 3.3 reported for 
oxytetracycline, chlortetracycline, and tetracycline (7,8). 


T h e  microscopic ionization scheme for tetracycline was studied by 
IH-NMK (9) and 1 : C N M K  (10) methods. These studies concluded that  
protonation o f  the C-I-C-3 tricarbonylmethane portion of the  tetracy- 
cline molecule occurred in the pH 1-6 region, forming the corresponding 
acid salt. The  conjugate base species exists predominantly as  a zwitterion 
involving the C-1-C-3 oxyanion and the  protonated C-4 dimethylam- 
monium group. Two additional microspecies of t h e  base form, t h e  non- 
ionized neutral molecule and a zwitterion between the  C-10-C-12 phe- 
nolic diketone anion and the C-4 dimethylammonium group, are  present 
but exist in much lower concentration. 


-1.0 


s 
I 
m -2.0 
0 


- + 


s 


Q 
Q 


1 I I I I I 
-1.0 -0.8 -0.6 -0.4 -0.2 0 


LOG [Cl-I, M 
F i g u r e  3-Logarithmic plot of the relationship betuieen [ R H + I ,  cal- 
culated from Eq.  l usingpKa'  = 3.09and [ C l - J .  The  solid lines repre- 
sent regression slopes of -1.2 (0 ,  NHdCl) and -1.3 (0, NaCl) .  
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Table 11-Solubility of I b in Aqueous Sodium Chloride and 
Hydrochloric Acid Solutions at 25" 


60 - - 
40 - - 
20 - 


- . E 10: 


E" *: 
w' 6-  


-I 
v 4- > 
v -  > 
X 


5 -  


B 2-  


1.0- 


0.8- 


0.6- 


- 
- 
1 


Kip, 
IHCII, M INaCII, M DH S7.M ICI-I. Ma M2 x 10-3 * 


0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.01 
0.02 
0.05 
0.10 
0.20 
0.40 
1 .o 


0 
0.05 
0.15 
0.35 
0.55 
0.75 
0.95 
0 
0.1 
0.2 
0.3 
0.4 
0.6 
0.8 
- 
- 
- 
- 
- 
- 
- 


1.42 
1.41 
1.42 
1.37 
1.35 
1.32 
1.29 
0.86 
0.84 
0.82 
0.80 
0.77 
0.75 
0.71 
1.92 
1.72 
1.42 
1.11 
0.89 
0.61 
0.21 


0.0530 
0.0285 
0.0128 
0.0053 
0.0035 
0.0026 
0.0019 
0.0128 
0.0080 
0.0055 
0.0044 
0.0035 
0.0025 
0.0020 
0.0917 
0.0763 
0.0530 
0.0223 
0.0118 
0.0056 
0.00246 


0.103 5.3 
0.128 3.6 
0.213 2.7 
0.405 2.1 - .  


0.603 2.1 
0.803 2.1 
1.002 1.9 
0.213 2.7 
0.308 2.5 
0.407 2.2 ~- 
0.504 2.2 
0.604 2.1 
0.803 2.0 
1.002 2.0 
0.102 8.8 
0.096 7.0 
0.103 5.3 
0.122 2.7 
0.212 2.5 
0.406 2.3 
1.002 2.5 


Calculated from Eq. 9. Calculated lrom Eq. 8 using pKa' = 3.09. K ; ,  = K.", 
since K b I [ H + J  << 1. 


Since doxycycline and other tetracyclines are structurally identical 
in the ionizing functional groups as well as in solution conformation (11), 
an identical ionization scheme is assumed for these compounds. The 
chromophore of tetracyclines in the region of 262 nm has been attributed 
to the K -+  K* transition of the C-1-C-3 tricarbonylmethane function (1 1, 
12). The observation that this wavelength exhibited the maximum UV 
absorptivity change for doxycycline is additional evidence for the as- 
signment of protonation a t  the C- 1-C-3 tricarbonylmethane portion of 
the molecule. 


Salt and pH Effects on Solubility of la-The effect of sodium ni- 
trate on the solubility of Ia is shown in Fig. l .  A 65% increase in solubility 
was found in 1.0 M sodium nitrate compared to water. This strong posi- 
tive salt effect is related to the zwitterionic nature of doxycycline in 
aqueous solution, which is characteristic of the tetracyclines (13). As a 
dipolar species, it should be stabilized in an increasingly polar environ- 
ment. In contrast, uncharged organic species are usually salted out by 
the addition of an electrolyte. 


The pH-solubility profiles for Ia in the presence of nitrate and chloride 
ions a t  p = 1.0 are shown in Fig. 2. Although the solubility of Ia was en- 
hanced by nitrate compared to water, it was only slightly affected by 
chloride ions. Solubility increased uniformly according to Eq. 2 due to 
protonation of doxycycline. The pKa' values obtained by curve fitting 
of these data a t  p = 1.0 were in good agreement with those measured 
spectrophotometrically a t  p = 0.1. 


The experimental data in Fig. 2 cannot be extended to lower pH values 
or higher solubility by addition of small increments of acid. Therefore, 
the systems have reached pH,.,. By definition, pure base form [Bl8 and 
salt form [BH+lS must both be present for the system to be invariant. The 
maximum solubilities in Fig. 2 are -10-fold lower than can be attained 
in purely aqueous solution. This difference is due to the effect of these 
anions on the solubility product equilibrium of the corresponding acid 
salt of doxycycline. The existence of doxycycline nitrate was confirmed 
by dissolving la in water with nitric acid and allowing the product to 
crystallize. The anhydrous nitrate salt was isolated and identified. 


Solubility Product Constant for  I b-The stable crystalline form 
of doxycycline in aqueous hydrochloric acid is Ib. This salt was isolated 
from solutions originally prepared with Ic. Solutions of Ic can be easily 
supersaturated by severalfold with respect to the solubility of Ib. Nu- 
cleation and/or crystal growth occur slowly for the interconversion of Ic 
-* Ib in water. 


The effect of added chloride ion on the solubility of Ib in water was 
investigated to determine K f p .  Ammonium and sodium chlorides were 
used in the 0.02-1.0 M concentration range. Table I summarizes the data 
from these experiments. The solubility, ST, decreased strongly with an 
increasing concentration of either salt. Since the data for the two salts 
are similar, specific effects due to the cation are considered negligible. 
The pH increased with an increasing salt concentration due to the lower 
concentration of Ib. Since external buffers were not present, the pH of 
the system was controlled by the concentration of Ib. 


0.4 1 


ff 
' 0  


,0' 
I 


I I I I 1 -  1 
0 1 2 3 4 5 6 


I 


PH 


Figure 4-The pH-solubility profile for I in aqueous hydrochloric acid 
at 25'. At pH,,, = 2.16, both l a  and I b  were in equilibrium with the 
solution. Relow pH,,,.,, I b  was the solid phase (dashed line). Abooe this 
pH,  l a  wos in equilibrium with the solution. The solid line is theoretical 
according to Eq. 2 using [RI ,  = 0.625 mglml and pKa' = 3.30. Concen- 
tration is expressed as free base equivalent. 


The solubility product, KsOp, decreased more than fivefold over the 
concentration range studied. The apparent molecular order of interaction 
between [BH+] and [Cl-) is plotted logarithmically in Fig. 3. A slightly 
greater than first-order inverse relationship is apparent with strong 
positive deviation from linearity a t  low added salt concentrations. A small 
amount of added salt (0.02-0.05 M )  caused a much greater than first- 
order decrease in solubility. The total ionic strength, indicated by [Cl-] 
in Table I, was essentially constant a t  0.11-0.13 M in the region where 
K,O,was most sensitive to added salt. In the p = 0.2-1.0 M range, the K,!p 
became practically constant. 


Since the pH change in these experiments was a complicating factor 
in data interpretation, the solubility product measurement was repeated 
under the conditions shown in Table 1 1 .  Since Kh/[H+] was much less 
than one under these conditions, KLP = Kfp.  Mixtures of sodium chloride 
and hydrochloric acid, as well as varying concentrations of hydrochloric 
acid, were used up  to 1.0 M total added chloride-ion concentration. The 
downward trend in K:,, with increasing [Cl-] is again apparent. 


The nature of the cation, Na+ or H+, had little influence on K i p .  For 
example, added chloride ion of 0.4 M composed of 0.05 M HCI + 0.35 M 
NaC1,O.Z M HCI + 0.2 M NaCI, or 0.4 M HCI resulted in Kip values of 
2.1, 2.2, and 2.3 X M2, respectively. These differences were well 
within experimental error in the value of KiY When plotted logarith- 
mically, as in Fig. 3, the data of Table I 1  exhibit linear regression slopes 
of -1.1 and -1.2. 


The Kip  value calculated from a suspension of Ib in water, i .e..  S$, is 
the most deviant value in the series. Addition of 0.02 M NaCl or NH&I 
(Table I) caused the doxycycline concentration to decrease by 0.03 M. 
This result is impossible according to the principles of common ion 
equilibria. The solubility cannot decrease by an amountgreater than the 
amount of common ion added. Clearly, nonideal behavior was occurring 
under these conditions. The observed variation in Kipwas not due to 
changing solution ionic strength. On the contrary, ionic strength (indi- 
cated as [Cl-1 in Tables I and 11) had little effect on the equilibrium. As 
already discussed, K i p  varies most under conditions where p is constant. 
When fi  is changing, K;? is relatively constant. 


pH-Solubility Profile for la a n d  I b in Aqueous Hydrochloric 
Acid-Figure 4 is the pH-solubility profile for Ia and Ib in aqueous hy- 
drochloric acid without added salt. Maximum solubility was observed 
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'ib 


AHs = 3.6 kcal/mole 


at pH 2.16, which was the result of simultaneous equilihration of' crystal 
forms la and Ib in water. The ionic strength was not kept constant he- 
cause of' interference of added ions with the solubility equilibria. 


A remarkable feature of' these data is the approximately fivefold in- 
crease in solubility from pH 2.3 to 2.2. Therefore, a much greater than 
first-order dependence on hydrogen inn would he applicable in this region. 
Positive deviations of the experimental points from the theoretical line 
hased on Eq. 2 were apparent below pH 2.5. The decrease in solubility 
below pH,,, was due to the previously discussed common ion effect of 
chloride on the solubility product equilihrium. 


Solubility-Temperature Relationship-The temperature depen- 
dence for solubility of la and Ih in the 5-50' range is shown graphically 
in Fig. 5 as van't Hoff-type plots. A t  the lower temperatures, la and Ih 
had similar heats of solution of 2.8 and 3.6 kcal/mole, respectively. At 
higher temperatures, the slope for Ib showed upward curvature whereas 
the slope for la remained linear. In the 45-50O range, M, for Ib increased 
to approximately 7 kcal/mole. 


Mechanism of Nonideal Behavior-The data in Figs. 3-5 and Tables 
1 and 11 clearly show that doxycycline soluhility does not follow the ex- 
pected theoretical relationships given in Scheme I and Eqs. 1-8. All data 
are consistent with a mechanism involving self-association of doxycycline 
to form dimeric species such as (BH+)Z, B2H+, and, possibly, higher order 
self-associated forms. The presence of associated species in solution would 
cause the apparent soluhility and, therefore, K:,, to he higher than the 
values predicted from basic theoretical relationships. 


It was previously shown that ionic strength. pH, and specific ion effects 
(H+,  Na+, and NH4+) were not responsible for the observed changing of 
K.ip. The ahsence of crystal transformation during equilibration was 
verified microscopically and is consistent with the fact that Ia and Ib were 
originally isolated from water. The  instahility of doxycycline during 
equilihration could not he a factor affecting solubility since the compound 
has a half-life of -100 hr a t  pH 5 and 50" and shows better stahility at 
lower pH values and temperatures (14). 


Scheme I1 describes the equilibria that would he present if dimerization 
were to occur forming (RH+)? or B?H+ species. In this scheme, the sol- 
ubility of BH+ is assumed to he limiting. 


CI - 
(BH+cI-),,,, T- + 


BH+ + BH+ 5 (BH+), 


Scheme II 


la 


AHs = 2.8 kcal/mole 


1 I I I I I 
3.1 3.2 3.3 3.4 3.5 3.6 


103fT, O K - '  


Figure 5-  - A  ~ l a n ' t  Hoff-tj,pc plot for the solubi/ity of l a  (louler line, 13) 
arid It) ( u p p t r  Irnr,  0)  in u a t r r .  


I I I I I 
2 4 6 8 10 


[cl-l-l, M-' 


Figure  6-Apparent solubility product for  Ib ass a function of the in- 
w r s e  chloride concentration plotted according t o  Eq. 16. 


The dimerization constants may he defined as: 


(Eq. 10) 


(Eq. 1 1 )  


Total solubility is expressed as the sum of the species, taking into account 
the dimer stoichiometry: 


ST = [BH+],,(l + Kb/[H+]) + 2[BH+];(Kd + K,Kb/[H+]) (Eq. 12) 


Suhstitution of Eqs. 6 and 12 into Eq. 7 yields an expression for the ap- 
parent solubility product: 


The expression analogous to Eq. 12 when the solubility of B is limiting 
can be shown to be: 


S*r = [Bl,(l + [H+]/Kb) + 2[B]?(h'd[H+]2/Kb' + K,[H+I/Kb) (Eq. 14) 


Equation 13 predicts that, a t  constant pH, K;,  should he an inverse 
function of the chloride concentration. which is in agreement with the 
experimental data in Table 11. Equation 14 predicts that S7. should first 
follow Eq. 2 when [H+]/Kb is small and then deviate from first-order 
behavior a t  lower pH values; these predictions are identical to the  solu- 
hility data in Fig. 4. 


A t  low pH values, i.e , Kb/[H+] << 1, Eqs. 12 and 13 may he simplified 
to Eqs. 15 and 16, respectively: 


(Eq. 15) ST = [BH+],(l + 2Kd[BH+],) 


(Eq. 16) 
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Table 111-Concentration Dependence of 'H-NMR Signals for 
C-7. C-8, C-9, and C-4 Dimethylamino Protons of Ib in 
Deuterium Oxide 


Chemical Shift, d, ppm 
[Doxycyclinel, M C-9 H h  C-7 H b  C-8 H c  C-4 N(CH:1)2 


0.10 6.67 6.86 7.44 3.04 
0.05 6.78 6.99 7.54 3.06 
0.017 6.90 7.08 7.64 3.06 


Amhient temperature. * Doublet, J = 8 Hz. c Triplet, J = 8 Hz. 


According to Eq. 16. a plot of K.:p versus [Cl-I-' should be linear with 
slope = 2(KYp)'Kd and intercept = KYp. Figure 6 shows the data of Tahle 
I1 plotted in this manner. Values of Kd = 24 M-' and K% = 1.8 X lo-:$ 
M2 were calculated from the slope and intercept. Deviation from linear 
behavior as solubility approaches that of pure Ib may be due to incom- 
plete equilibrium or existence of higher than second-order association 
complexes. 


It is not possible to prove the existence of the mixed dimer, R2H+, with 
the present data. Under conditions where K ,  would be determinable, 
(BH+)2 and BzH+ species would coexist and separation of the stability 
constants would be difficult. Attempts to solve Eq. 13 or 14 for K ,  did 
not give reproducible results because of the large error involved in taking 
the difference between numbers of similar magnitude. Since doxycycline 
is a hrge molecule and the site of' self-association is remote from the 
ionizing group, B*H+ should have a stability constant a t  least as large as 
Kd. The reduced electrostatic interaction in this species indicates that 
it should be more stable than the dication, (RH+)2. 


The concentration dependence of NMR chemical shifts for certain 
hydrogens of Ib.in deuterium oxide is shown in Table IIJ. Proton as- 
signments were adapted from those reported for tetracycline ( 1  5). An 
upfield shift in the C-7, C-8, and C-9 aromatic protons of -0.2 ppm oc- 
curred as the concentration was increased from 0.017 to 0.10 M. The C-4 
dimethylamino protons, however, were essentially unchanged, as were 
other protons not listed in Table 111. Rigler et al. (9) found that the 
chemical shift of the C-8 proton moved 0.28 ppm upfield during ionization 
of the phenolic $diketone system (macro pKa = 7.7 and 9.7). The simi- 
larity of the concentration-dependent and ionization-induced change 
in chemical shift of these protons indicates that the phenolic /%diketone 
moiety is the site of self-association. 


1 .  


1. 


$ 1. 


In 
m 
t 
I- 
fLI 
0 
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Figure 7-Absorbance of I c  as a function of concentration in 0.05 M 
phosphoric acid buffer (pH 2.0) at 25". Concentration is expressed as 
free base equiualent. Points are experimental* and the line is theoretical 
according to Eq. 18. The theoretical line was constructed using the fol- 
lowing constants: a = 1.0 cm, Em = 12 M-I cm-I, Ed = 76 M-' cm- I ,  
and K d  = 24 M-I. 


I I I I I I 
0.02 0.04 0.06 0.08 0.1 0.12 


ST. M 


Figure 8-Theoretical curw of the prrccnt O/ total solubility contrib- 
uted by dimer species ( H H + ) 2  as a function of total solubility. Dimcri- 
tation constant, Kd = 24 M-' ,  ulas used to calculate tha curve 


Planarity of the aromatic ring with the C-11-C-I2 B-diketone groups 
(12, 16) would allow dimerization to occur uia multiple intermolecular 
hydrogen bonds. The C-10 phenol and C-11-C-12 enol-keto groups of 
one molecule could associate with those of the other molecule, forming 
an edge-to-edge oriented dimer in solution. In this configuration, the 
environment of the C-4 methyl protons would not be affected, which is 
consistent with the data. 


Self-association of doxycycline also was observed by visible spectro- 
photometry (Fig. 7). Absorbance a t  435 nm was not linear with concen- 
tration but showed an apparent parabolic relationship. The 0-0.0.5 M 
concentration range was chosen because the solubility product data in- 
dicated that dimerization was predominant in this region. The chromo- 
phore a t  this wavelength is a shoulder of the -350-nm maximum of 
doxycycline, which is generally attributed to the phenolic d-diketone 
moiety of tetracyclines (12). 


The total concentration, C T ,  can be expressed as the sum of the 
monomer, C,, and dimer according to: 


(Eq. 17) CT = C, + 2KdC: 


The total absorbance, AT, is defined by: 


(Eq. 18) 


where a is the cell path length, E,  is the molar absorptivity of the 
monomer, and Ed is the molar absorptivity of the dimer. 


The theoretical line in Fig. 7 was determined as follows. The value of 
C, was calculated from Eq. 17 a t  various values of CT, assuming Kd = 
24 M-' (determined from the solubility prcduct data). An initial estimate 
of E, was taken from the initial slope in Fig. 7, and then E ,  and E d  were 
adjusted to give the best fit of the data according to Eq. 18. The curve was 
sensitive to changes in constants Em and Ed, which primarily affected 
the lower and upper parts of the curve, respectively. The value of the 
dimerization constant cannot be verified by this procedure, however, 
because other values of Kd can be fitted to the data as well. For example, 
assumption of a larger value of Kd will cause the C ,  value calculated by 
Eq. 17 to become smaller. In Eq. 18, however, this decrease can be com- 
pensated by adjustment of Em and E d  to yield an equally good f i t  of the 
data. 


The molar absorptivity of the dimer species required to fit the data 
is approximately sixfold larger than that of the monomer. Simple 
aggregation or hydrophobic association would be expected to yield a ratio 
nearer twofold. Perturbation of the aromatic system by hydrogen bonding 
is a possible explanation for the high absorptivity of the dimer. 


Figure 8 is a theoretical plot showing the strong effect of dimerization 
on the apparent solubility of doxycycline. If it is assumed that only the 
monomer and dimer are present, more than 50?6 of the total solubility 
would be contributed by the dimer species a t  S,,- >0.04 M. Self-associa- 
tion in solution is probably common to tetracyclines in general because 
of the similarity of the interacting functional groups. 


At concentrations near saturation, all compounds must begin to self- 
associate. When pushed to slightly higher concentrations, the association 
complexes become active nuclei for the crystallization process. The lack 
of suitable analytical methods for the determination of free solute con- 
centrations has limited the investigation of solute properties in saturated 
or nearly saturated solutions. Analysis of solubility product equilibria 
was a sensitive indicator of the concentration of unassociated doxycycline 
cation. This method should be a powerful tool for the study of solutian 
equilibria in general. 
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Abstract u The synthesis, characterization, and therapeutic evaluation 
of a series of partially esterifled derivatives of pentetic (diethylenetri- 
aminepentaacetic) acid are reported. These compounds were prepared 
in an attempt to promote increased decorporation of insoluble colloidal 
forms of plutonium, which are not removed by pentetic acid alone. The 
dimethyl, diethyl, dihutyl, dioctyl, and monoethyl esters were synthesized 
by reaction of the appropriate alcohol with the dianhydride of pentetic 
acid. These esters were injected intravenously into mice as their calcium 
chelates in saline. None of the esters was effective in removing plutonium 
from the liver. All esters removed approximately 20% of the plutonium 
in the skeleton. However, when the esters were given together with 
pentetic acid, only the dioctyl ester showed enhanced removal of pluto- 
nium compared to pentetic acid alone. The small increase in effectiveness 
and the increased acute toxicity make these esters of limited practical 
interest in plutonium decorporation therapy. 


Keyphrases 0 Pentetate esters, various-synthesized, evaluated for 
ability to decorporate polymeric plutonium in mice Plutonium, poly- 
meric-decorporation in mice, various pentetate esters evaluated 
Structure-activity relationships-various pentetate esters evaluated for 
ability to decorporate polymeric plutonium in mice Chelating 
agents-. various pentetate esters synthesized, evaluated for ability to 
decorporate polymeric plutonium in mice 


The disposition kinetics of the easily hydrolyzable toxic 
radiometal plutonium following accidental exposure de- 
pend on the physicochemical form to which an individual 
is exposed as well as the route of exposure. Systemically 
deposited plutonium (k., plutonium that has reached the 
circulation and is subsequently deposited in the tissues) 
is generally considered to be soluble (“monomeric”) plu- 
tonium. However, aggregated insoluble forms of plutonium 
have been observed at  later times in the liver and spleen 


(1, 2). As a model for insoluble systemically deposited 
plutonium, a colloidal (“polymeric”) plutonium prepara- 
tion is injected intravenously in animals. A large fraction 
of this plutonium is rapidly deposited in organs rich in 
reticuloendothelial elements, particularly the liver (3). 


RACKGHOUND 


Pentetic acid (diethylenetriaminepentaacetic acid or DTPA), 
N , N -  bis[2-[bis(carhoxymethyl)amino]ethyl]glycine, administered in- 
travenously as  the calcium chelate trisodium salt ( I ) ,  presently is con- 
sidered the treatment of choice for accidental exposure to certain mul- 
tivalent lanthanide and actinide radioelements such as plutonium. This 
drug has also been used for the treatment of lead poisoning, acute iron 
intoxication, and iron storage disease (4). Although 1 has been effective 
in removing soluble plutonium from the liver and, to a lesser extent, from 
the skeleton (5, 6 ) ,  this chelating agent has not been successful in de- 
corporating the more insoluble polymeric plutonium (7). Since hepatically 
deposited polymeric plutonium is primarily associated with lysosomes 
(8) and 1 is predominantly distributed in the extracellular space (9) and 
is rapidly excreted in the urine (101, it was reasoned that increased in- 
tracellular uptake of 1 might place a sufficient concentration of ligand 
a t  the site of plutonium deposition to promote increased plutonium de- 
corporation. 


Previously, two different approaches were attempted to increase the 
uptake of I into cells. Markley (11), using the pentaethyl ester of pentetic 
acid, found tha t  this more lipid-soluble form removed additional pluto- 
nium from the mouse liver beyond that removed with I alone. When I and 
its pentaethyl ester were administered together, their effects in the liver 
were approximately additive, suggesting that each form was acting on 
a separate and distinct fraction of hepatic plutonium. However, the 
pentaethyl ester was much more toxic than 1. In the second approach, 
I encapsulated in phospholipid liposomes was injected intravenously. 
The  encapsulated I deposited intracellularly in the liver (12) to a large 
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Effect of Nonsteroidal Anti-Inflammatory and Other 
Pharmacological Agents on Tuberculin Reaction 
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Abs t rac t  0 Nonsteroidal anti-inflammatory and other pharmacological 
agents were tested in the efferent arc of the  tuberculin skin reaction in 
the guinea pig. A low but significant inhibition was produced by the acidic 
anti-intlammatory agents, including the arylalkanoic acids, the  anthra-  
nilic acids, indoniethacin, and phenylbutazone. Some nonacidic ant i -  
inflammatory agents also were inhibitory; benzydamine caused a high 
inhibition. Except for methotrexate, the antineoplastic-antimetabolite 
agents were not potent inhibitors. Inhibition without toxicity was pro- 
duced by the coumarin anticoagulants, the  diuretics, chloroquine, tilo- 
rone, and the following immunoregulators: antithymocyte y-globulin, 
cyclophosphamide, and penicillamine. Levamisole, colchicine, heparin, 
and niridazole were inhibitory but  produced lethality either a t  or above 
the effective dose. 


Kcyphrases  0 'I'uherculin reaction-effect of nonsteroidal anti-in- 
flammatory and various other pharmacological agents in guinea pigs o 
Anti-inflammatory agents, nonsteroidal-effect on tuberculin reaction 
in guinea pigs 0 Immune systems, cell mediated-tuberculin reaction, 
effect of nonsteroidal anti-inflammatory and various other pharmaco- 
logical agents in guinea pigs 


The  pathogenesis of rheumatoid arthritis involves var- 
ious immunological aspects. The participation of cellular 
immunity is suggested by studies of rheumatoid joints 
(1-5), synovitis (6), and the response of circulating lym- 
phocytes to products of rheumatoid joint tissues and fluids 
(7-10). 


Many nonsteroidal anti-inflammatory agents now in use 
for rheumatoid arthritis were identified principally with 
a model of acute inflammation, carrageenan-induced 
edema ( l l ) ,  and a model with both immunological and 
inflammatory components, adjuvant-induced arthritis 
(12). 


In view of the suggested role of cellular immunity in 
rheumatoid arthritis, it was of interest to determine if 
nonsteroidal anti-inflammatory agents could affect a 
cell-mediated immune system, particularly a t  a stage apart 
from sensitization. These agents were tested in the efferent 
arc (13) of the tuberculin reaction in the guinea pig. This 
immunologically specific system has been characterized 
by its infiltration of mononuclear cells and its presumptive 
mediation by lymphokines (1'4,15). 


This study was extended to other pharmacologically 
active agents, some previously tested and others not tested 
in the tuberculin reaction. These data could identify new 
agents that might affect cell-mediated immune reactions 
and thus form the basis for a new chemical design of 
therapeutic agents for rheumatoid arthritis. 


E X P E R I M E N T A L  


T u b e r c u l i n  System - -The  tuherculin reaction in the guinea pig was 
produced essentially a s  described previously (16). Briefly, male albino 
guinea pigs were sensitized to Mycobacterium tuberculosis' in Freund's 
incomplete adjuvantL a s  described or by injection intradermally into the  


1 iz1 ~ubcrc~c~losis H37 H A  and adjuvant. Dirco 1,aboratories. Detroit, Mich. 


T a b l e  I-Effect of Ant i - Inf lammatory-Ant i rheumat ic  Agents  o n  
t h e  T u b e r c u l i n  React ion 


Percent Inhibition, DIT" 
Agent 50-mg/kg Dose* 100-mg/kg Doseh 


7 f 2/32  f 5 (13) 


7 f 2/28 f 4 (14)  
9 f 2/29 f 4 (35) 


17 f 1/43 f 4 (29) 


Arylalkanoic acids 
Alclofenac 10 f 13/30 f 6 i 12) 
Aspirin 7 f 3 / 1 9 f 7 ( 1 1 )  7 f  1 / " 5 f 4 ( 1 8 )  
Cicloprofen 
I bufenac 
1 bumofen 


,a@en 
8 f 2/27 f 9 (15) 


o iumsalic late 
Tolmetin s o d u m  


'-2 f 2/4 f 7 (12) 
6 f 1/17 f 6 (11) 1 0 f  2/22 f 4 (18) 


Anthranilic acids 
Iliclofenac sodium 
Flufenamic acid 


.5 f 2/14 f 8' (18) I0  f 4/11 f 15 (7)"  
10 f 2/30 f 4 (28) 


Meclofenamic acid 
Mefenamic acid 
Niflumic acid 


6 f 3/31 f 8 (11) 
7 f 4/18 f 9 (15) 


' 3  f 2/8 f 6' (27) '-2 f 7/28 f 9 (9) 
Other agents 


Aurothioglucose 
Benzydamine 


hydrochloride 
Flazalone hydrochloride 
Indomethacin 


18 f 2/36 f 6 (17) 
13 f 3/60 !z 5 (18) 


19 f 3/41 f 6 (8 )  
'4  f 4/10 f 7' (17) 


13 f 3/24 f 8 (6) 


12 f 5/39 f 10 (7)  
12 f 2/19 f 6 (14) 


Phenylbutazone ( l f 3 / - 3 f 7 ' ( 2 2 )  ' 2 * 2 / - 2 f 7 '  (11) 
In this and subsequent tables. percent inhibition diameter/thickness f SE 


(number of animals). In this and subsequent tatdes, compounds wereadministered 
each time a t  the listed dose. Unless otherwise indicated, the compounds were ad- 
ministered twice, subcutaneously, as in Expertmcntai Not significant. All other 
values in this and subsequent tables were significant at p < 0.05, unless indicated 
as not significant. 


right hind footpad and subcutaneously into two sites in the nape of the  
neck. Three to  four weeks later, the  animals were challenged with 0.6pg 
of tuberculin2, and  the diameters and thicknesses of the lesions were 
measured after 24 hr. 


Tubercul in ,  Turpent ine ,  a n d  His tamine  System----The reactions 
for all three agents were produced on the same animal. Animals were 
sensitized and challenged with tuberculin, a s  described. Reactions to 
turpentine3 were produced as  described previously (16) or, as  in later 
experiments, by intradermal injection of 0.05 ml of turpentine-huffer4 
(1:9 v/v) emulsified by repeated passage through a syringe needle. T u r -  
pentine was administered 5 hr after challenge with tuberculin, just after 
the  second administration of the  test compound. Evaluation was per- 
formed in a manner similar to, and a t  the same time as. the tuherculin 
reaction. After evaluation of the reactions to tuberculin and turpentine, 
reactions to  histamine were produced and measured as  described previ- 
ously (16). 


Administration of Tes t  Compounds-The test compounds in sesame 
oil were administered twice, at 30 min before and  again at 5 hr after 
tuberculin, either subcutaneously a t  ventral sites o r  orally bv gavage, 
unless otherwise stated. Compounds were tested in groups 0 1  four to seven 
animals. T h e  average inhihition f SB was calculated for the test coni- 
pound-treated groups in comparison to the control sesame oil-treated 
groups. Variability within and among thc groups of animals was taken 
into account. 


For the  control animals, t.he average diameter. D .  and thickness. T ,  
f SD of the lesions from tuherculin were 18.3 f 1 .:I and 0.79 & 0.1:l mm 
(75 groups), respectively. From turpentine, these values were 18.5 f 1.7 
and 0.87 f 0.12 mm (six groups), respectively. F r t m  histamine, the  av- 


Delayed death of three out of seven animals. 


* Tuherculin purified protein derivative (1) as lyophilized material, lot 974562C, 
Parke, Davis and Co.. Detroit. Mich. Each milligram of  1 was equivalent in potency 
to pO.000 t u bcrciil i n uii i t s. 


,I Rectified turpentine. Winsor and Newton, Secaucus, N J .  
4 Hemagglutination buffer, Difco 1,ahoratories. Detroit, Mich. 
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Table 11-Effect of Anti-Inflammatory-Antirheumatic Agents 
on the Tuberculin Reaction 


Dose, Percent 
Agent mdkg Inhibition, DIT 


Benzydamine 25 7 f 3/30 f 8(16) 
150",h 18 f 5/55 f 9 15) 


lndomethacin 100' 12 f 2/36 f 10 (14J 
19 f 4/50 f 6 (11) 


Niflumic acid 100' 10 f 2/32 f 9 (14) 
14 f 6/57 f 14 (8Id 


Phenvlbutazone l00C 19 f 3/59 f 7 (13)d 


150" 


1 50" 
- "  


150" 


Oral administration. * In saline. 


7 f 2/28 f 6 (11) 


Administered once daily at 2 and 1 days 
before challen e and twice on the day of challenge. d Death of animals: with in- 
domethacin. 1x1;  with niflumic acid, 2/10; and with phenylbutazone, 2/14. 


erage diameter and intensity, I, were 13.6 f 1.0 mm and 2.9 f 0.7 (six 
groups), respectively. 


The compounds tested are grouped in Tables I-V according to their 
listed therapeutic use (17). 


RESULTS AND DISCUSSION 


The temporal difference between the afferent and efferent arcs in the 
tuberculin reaction (13) allows for evaluation of compounds in the sep- 
arate stages. Compounds were tested on the events following the inter- 
action of sensitized cells and antigen, the efferent arc, thereby focusing 
on their potential therapeutic activity. 


Anti-Inflammatory-Antirheumatic Agents (Tables I and  11)- 
Statistically significant, hut low, inhibitions of the tuberculin reaction 
were produced by the acidic anti-inflammatory agents, including the 
arylalkanoic acids, the anthranilic acids, indomethacin, and phenylbu- 
tazone, except sodium salicylate. For the arylalkanoic acids, the extent 
of inhibition appeared to plateau generally a t  10% for diameter and 30% 
for thickness. These values were attained by the other active acidic agents 
even after administration for multiple days. In instances where this level 
of inhibition was exceeded, lethality was noted, as shown with indo- 
methacin, niflumic acid, and phenylbutazone (Tahle 11). This greater 
inhibition might have been due to this lethality. 


The similar inhibition shared by these acidic anti-inflammatory agents 
suggests that they inhihit a common path in the tuberculin reaction. The 
inhibition of prostaglandin synthesis by these agents (18-21) and the 
correlation of anti-inflammatory effects and this mechanism (19) suggest 
that their inhibition of the tuberculin reaction could have occurred 
through inhibition of prostaglandin synthesis. 


Some support for this view comes from the proposal that prostaglan- 
dins serve as potentiators of inflammation in the guinea pig, as shown 
with the tuberculin reaction (22). Furthermore, prostaglandins have been 
associated with cutaneous inflammation ( 2 3 ) ,  including allergic contact 
dermatitis, a delayed hypersensitivity reaction. The prostaglandin 
pathway also has been altered in skin, including that of the guinea pig 
(24). by indomethacin and aspirin ( 2 3 ) .  


Phenylbutazone, the least potent acidic anti-inflammatory agent, 


Table 111-Effect of Antineoplastic-Antimetabolite Agents on 
the Tuberculin Rcaction 


Dose, Percent 
Agent mdkg Inhibition, D / T  


Azathioprine 100 
I50 
"Oh 


200h 
300h 


Methotrexate 25 
50 


Oxisuran 50 
100 
150' 


"10 f 5/12 f 12" (5) 
" 4  f 6/6 f 1 2 O  (6) 
"5 f 4/11 f 8" (5) 
1 3  f 2/50 f 4 (10) 
1 3  f 4/13 f 14O (9) 
15 f 5/12 f 12" ( 1 1 )  


"10 f 5/25 f 10" (6) 
"7 f 5/14 f 13" (6) 
20 f 3/31 f 8 (5) 
13 f 2/24 f 4 (10) 


"12 f 6/28 f 20" ( 4 )  
15 f 5/37 f 11 (8) 
"1 f 4/11 f 7" (10) 
"7 f 4/14 f 9" ( 5 )  
" 3  f 5/17 f 10" (6) 


Not significant. Oral administration, Intraperitoneal administration in 
saline once daily for 3 days with challenge on the 3rd day. 


Table IV-Effect of Anticoagulants on the  Tuberculin Reaction 


Dose, Percent 
Agent m g i k  Inhibition, DIT 


Acenocoumarol 50 "-2 f 5/18 f 10" (4) 
Anisindione 50 "1 f 2/16 f 8" (4)  


"3 f 2/15 f 7" (6) Dicumarol 50 
10h 15 f 2/61 f 5 (7) 
50h 28 f 2/77 f 4 (7) 


18 f 4/27 f 8 ( l l ) d  
50 
10b 18 f 2/35 f 4 (5) 


Warfarin l o b  19 f 2/59 f 5 (7) 
50b 22 f 2/50 f 6 (7) 


Heparin sodium 1 o c  34 f 2/44 f 3 (l0jd 


a Not significant. b Administered once daily at 2 and 1 days before challenge 
and twice on the day of challenge. Heparin, 10 mg = 1600 units. Deaths of ani- 
mals at 10 and 50 mg/k , given for 1 day, were 1/12 and 9/16, respectively; at 10 
mg/kg, given for multipfe days, death of animals was 2/7. 


previously had a slight (25) or no (26) effect in the tuherculin reaction. 
Sodium salicylate in this and previous (25) studies was inactive. In an 
assessment of delayed hypersensitivity in the human, aspirin a t  thera- 
peutic doses had no effect (27 ) .  The low activity of aspirin in the present 
studies may not he demonstrable in humans. 


Among the effective nonacidic an ti-inflammatory agents, benzydamine 
inhibited the tuberculin reaction greater than the plateau level achieved 
by the acidic agents. This result suggests that benzydamine was active 
by a mechanism separate from or in addition to that for the acidic agents. 
Benzydamine, as well as flazalone, modulate the prostaglandin pathway 
(20) hut a t  a site different from that of some acidic agents (28). 


In nonimmunologically induced reactions, benzydamine moderately 
inhibited the turpentine-induced reaction and only slightly inhibited the 
histamine-induced reaction (Table VI). Some similarity could be noted 


Table  V-Effect of Various Pharmacological Agents on the 
Tuberculin Reaction 


Dose, Percent 
Agent m d k a  Inhibition, D I T  


Antigout 
Colchicine 


Antihistamine 
Chlorpheniramine maleate 


Pyribenzamine hydrochloride 


Chloroquine phosphate 


Levamisole hydrochloride 


Antiparasitic 


Niridazole 


Antiviral 
Tilorone hydrochloride 


Chelating agent 
Penicillamine 


Diuretic 
Chlorothiazide 


Furosemide 
Immunoregulator 


Cyclop hosphamide 


0.1 
0.2 
0.4 
0.8 


50 
100 
25 
50 


50 
100 
50 


100 
I50 
50 


100 
lO0C 
100" 


50 
100 
loor 


100 
150 
50' .F 


50 
100 
50 


50 
100 
150 


10 f 3/24 f 8 (11) 
20 f 2/65 f 4 (12) 
26 f 2/59 a f 8 (5)" 


15 f 1/38 f 7 (13) 
29 f 6/93 f 1 (2)O 
20 f 2/61 f 6 (10) 
36 f 14/76 f 24 (2)" 


- 


15 f 3/52 f 8 (12) 
21 f 3/70 f 7 (6) 
7 f 2/17 f 9h (20) 


19 f 1/57 f 4 (19)" 
a 


10 f 3/16 f 9h (20) 
23 f 2/64 f 4 (6) 
13 f 2/46 f 5 (5) 


12 f 3/29 f 8 (11) 
24 f 1/63 * 5 (17) 
18 f 3/51 f 6 (6) 


" - 


6 f 3/22 f l l h  (13) 
hO f 4/13 f 15" (6) 
h7 f 3 / G  f 5 (7)  


11 f 1/41 f 6 (12) 
12 f 2/56 f 6 (6) 
29 f 2/75 f 6 ( 8 )  


b3 f 5/18 f 8" ( 4 )  
15 f 2/32 f 7 (12) 
19 f 2/53 f 7 (12) 


9 Death of animals; with colchicine, 7/12 at 0.4 and 6/6 at 0.8 mg/kg; with chlor- 
Rheniramine maleate, 4/6; with yrihenzamine hydrochloride, 214; with levamisole 


vdrochloride, 13/32 at 100 ancf6/6 at 150 m g k g ;  and with niridazole. 6/6. * Not 
dgnificant. Oral administration. Administered only 30 min before challenge 


Administered once daily at 2 and 1 days before challenge and twice on the day of 
challenge. 
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T a b l e  VI-Effect of Agents  o n  Immunological  versus Nonimmunological  Reac t ions  
Dose and Percent Inhibition 


Route, Tuberculin Turpent ine Histamine 
Agent mg/kg DIT DIT D / I  


Benzydamine hydrochloride 50 sc 15 f 2/60 f 6 (9) 16 f 3/49 f 7 "6 f 4/18 f 9 
Chlorpheniramine maleate 25 po "1 f 41-4 f 12" (7) "5 f 21-2 f 7 0  26 f 2/47 f 7 


Antithymocyte y-globulin 


50 po 7 f 3/45 f 7 ( 7 )  
9 f 3/77 f 3 ( 7 )  


16 f 2/26 f 6 
18 f 2/61 f 7 


61 f l0/88 f 3 
100 f 0/100 f 0 


"-8 f 6/3 f 13" 
100 PO 
50 ipb 36 f 3/94 f 3 (5) 16 f 4/10 f 13" 


* Not significant. * lntraperitnneal administration in 0.3 M glycine buffer, pH 7.4, a t  50 mg of IgG/kg twice daily on the day before and on the day of challenge. 


between benzydamine and the 9-benzyladenines (16) in their inhibitory 
activities against immunological and nonimmunological reactions and 
in their spatial atomic arrangements as  constructed with Corey-Paul- 
ing-Koltun models. 
Antineoplastic-Antimetabolite Agents  (Table  111)-Except for 


methotrexate, these agents generally were not  effective or potent  inhib- 
itors of the efferent arc of the tuberculin reaction, a t  least after acute 
administration. Significant inhibition did occur with mercaptopurine 
or its analog, azathioprine, bu t  only after oral administration of large 
doses. In  other studies, inhihition of expression was observed with mer- 
captopurine" $29) and azathioprine (30) after administration for multiple 
hut not single (25) days; however, multiple administration of mercap- 
topurine was near the time of sensitization (29) or was associated with 
lethality5. Methotrexate, inhibitory in the  present studies, had variable 
effects (25.31). Oxisuran did not inhibit the  tuberculin reaction, unlike 
its inhihitory activity in ovalbumin-induced hypersensitivity in the guinea 
pig (32). 


Anticoagulants  (Table  1V)-The anticoagulants were effective in- 
hibitors of the tuberculin reaction, confirming previous reports (33,34). 
The coumarin derivatives were effective only after administration for 
days before challenge, consistent with their proposed mode of action (35). 
Heparin sodium was inhibitory whether administered before or only a t  
the time of challenge; lethality accompanied all levels of inhibition. T h e  
relationship of the clotting process and direct evidence of its activation 
in the course of the delayed hypersensitivity reaction were described (34, 
36, 37). The induration of the  tuberculin reaction may be due to the 
retention of extravascular fluid by the fibrin meshwork (36, 38). Con- 
sistent with this hypothesis was the  marked inhibition of this reaction 
hy the  tested diuretic agents (Table V). 


Various Pharmacological  Agents  ( T a b l e  V)-Colchicine. a n  ant i -  
gout agent, significantly inhibited the tuberculin reaction, as  shown in 
this study and a previous report (39). I ts  dose-response range was very 
narrow, with noted lethality a t  about four times its minimally effective 
dose. Its mechanisni of action in the tuberculin reaction is suggested by 
the indication that  microtubular disruptive agents promote macrophage 
migration and counteract the influence of the macrophage migration 
inhibitory factor (39) without influencing the production of this factor 
(40.41). Nonetheless, colchicine, although effective in gout (42), is not 
clinically effective in rheumatoid arthritis. Its narrow therapeutic index, 
a s  shown with the tuberculin reaction, may preclude its activity against 
cell-mediated immune aspects in rheumatoid arthritis. 


Both antihistamines greatly inhibited the tuberculin reaction; lethality 
was noted a t  the larger dose. In a comparison to  nonimmunologically 
induced reactions, chlorpheniramine maleate a t  two 25-mg/kg po doses 
markedly inhibited the histamine-induced reaction without significantly 
inhibiting the tuberculin and turpentine-induced reactions (Table VI) .  
These two latter reactions were inhihited as  the dose was increased to 
levels that abolished the histamine-induced reaction. Exclusion of a role 
for histamine in the tuberculin reaction cannot be made from these data, 
even though half of the reactivity to histamine can he abolished without 
significantly aft'ecting the tuherculin reaction. An increase of histamine 
(43-45) as  well as  the histamine-forming capacity (46) has been found 
a t  the site of delayed hypersensitivity reactions; however, its significance 
in guinea pigs is currently unknown (47,48) .  


The antiparasitic agents effectively inhibited the tuherculin reaction. 
Chloroquine phosphate was inhihitory without any noted toxicity, as  in 
a previous study (25). Its biological effects are numerous (49), and clini- 
cally i t  is of value in rheumatoid arthritis (50-52). Niridazole, orally ad-  
ministered, suppressed delayed hypersensitivity in guinea pigs (53), mice 
(54), and humans ( 5 5 ) .  Data in the present study extend this activity of 
niridazole after both oral and parenteral administrations to the tuberculin 


reaction in the guinea pig. Activity occurred without overt toxicity, bu t  
lethality was noted at, larger oral doses. Studies suggest tha t  adminis- 
tration of niridazole prevented production of the macrophage migration 
inhibitory factor (53). 


Another antiparasitic agent, levamisole, enhanced the  cell-mediated 
immune response (56) and was effective in rheumatoid arthritis (57). 
Penicillamine, a chelating agent, is similar to  levamisole in its immu- 
nostimulatory properties (58) and its effectiveness in rheumatoid arthritis 
(59-61). In the present studies, a t  identical parenteral doses, levamisole 
suppressed the tuberculin reaction only in association with lethality and 
penicillamine was inactive. Inhibition by penicillamine was observed after 
oral administration for multiple days, a regimen similar to tha t  resulting 
in enhancement of pertussis vaccine pleurisy in the  rat  (58). Failure to 
enhance the  tuberculin reaction could have resulted because the stimu- 
latory effect.s were most marked in compromised animals (56) while the 
animals in the  present study were optimally sensitized. 


A cell-specific immunoregulator, anti-guinea pig thymocyte 7-globu- 
lin6, essentially abolished the thickness and markedly inhibited t h e  di- 
ameter of the tuberculin reaction. Associated with this inhibition was a 
5096 reduction in the peripheral lymphocytes. Turpentine- and hista- 
mine-induced reactions were not  inhibited significantly (Table VI). 
Previously, contact dermatitis was inhibited by antithymocyte serum 
(62), and the tuberculin reaction was inhibited by antilymphocyte serum 
(63, 64). Another immunoregulator, cyclophosphamide, administered 
acutely, did not cause significant inhihition a t  small test doses in this and 
a previous (25) study hut was active a t  the larger doses. Inhibition of the 
tuberculin reaction also occurred after administration of multiple doses 
after sensitization (30,65). Thus ,  apar t  from its immunosuppressive ef- 
fect, cyclophosphamide can inhibit the efferent arc of the  tuherculin 
reaction. 


Tilorone, an antiviral agent, suppressed tuberculin skin reactivity (66) 
and adjuvant arthritis (66,67) in the  rat and tuberculin footpad reactivity 
in the mouse (68). In adjuvant disease, the inhibitory effect occurred when 
the compound was administered during sensitization (66,67) but not after 
sensitization (67). In the present study, tilorone significantly inhibited 
tuberculin reactivity a t  the  efferent arc without overt toxicity. 


Overall, expression of a cell-mediated immune reaction has been in- 
hibited to various extents by different pharmacological agents. I n  view 
of the proposed involvement of this type of immunity in rheumatoid 
arthritis, as  well as  other disease states, and the possible therapeutic value 
from inhihition of this immunity, those agents tha t  displayed significant 
activity apar t  from lethality warrant continued studies on their mode 
of action. T h e  low inhihition of the  acidic anti-inflammatory agents 
suggests limitation in this regard, although they may he active on other 
aspects of the  disease state. Significant activity is suggested by such 
agents as  the coumar in anticoagulants, an t  it hymocyte (lymphocyte) 
5-globulin, benzydamine, chloroquine. niridazole, and tilorone. 


R E F E R E N C E S  
( 1 )  D. 7'. Y. Yu and <J. B. Peter, Semin. Arthritis Rheun,.. 4, 25 


(1974). 
( 2 )  P. Stastny, M. Rosenthal, M. Andreis, and M. Ziff, Arthrit is 


Rheum.. 18,237 (1975). 
(31 H. Ishikawa and M. Ziff, ihid.. 19, I (1976). 
(4) A. D. Bankhurst, G. Husby, and R. C. Williams, Jr., ibid.. 19,555 


(5) J. A. Van Boxel and S. A. Paget, N .  Engl. J .  Med. ,  293, 517 


(6) V. M. Goldberg, E. M. Lance, a n d  P. Davis, Arfhr i l i s  Rheum., 


(1976). 


( 1975). 


17,993 (1974). 


5 Unpublished data 
fi Horse anti-guinea pig thymocyte y-globulin. lot 51, courtesy of  Dr. C. Gray. 


The Vpjohn Co. .  Kalamazoo, Mich. 


14 1 Journal of Pharmaceutical Sciences 
Vol. 68, No. 1, January 1979 







(7) P. A. Bacon, R. Bluestone, A. Cracchiolo, and L. S. Goldberg, 


(8 )  E. J.-M. A. Thonar and M. B. E. Sweet, Arthritis Rheum., 19,539 


(9) d. E. Crout, F. C. McDuffie, and R. E. Ritts, Jr., ibid., 19, 523 


Lancet, 2,699 (1973). 


(1976). 


(1976). 
(10) T.  D. Kinsella, Ann. Rheum. Dis., 35,s (1976). 
(11) C. A. Winter, E. A. Risley, and G. W. Nuss, Proc. Soc Exp. Biol. 


(12) M. E. Rosenthal and C. L. Nagra, ibid., 125,149 (1967). 
(13) J. L. Turk and D. A. Willoughby, Antibiot. Chemother., 15,267 


(14) B. Benacerraf and I. Green, Annu. Reu. Med., 20,141 (1969). 
(15) J. R. David and R. R. David, Progr. Allergy, 16,300 (1972). 
(16) R. J .  Wojnar and R. J. Brittain, Agents Actions, 5,152 (1975). 
(17) “USAN and the lJSP Dictionary of Drug Names,’’ M. C. Griffiths, 


M. J. Dickerman, and L. C. Miller, Eds., U.S. Pharmacopeial Convention, 
Rockville, Md., 1976. 


Med., I1 1,544 (1962). 


(1969). 


(18) J. R. Vane, Nature New Riol., 231,232 (1971). 
(19) R. Flower, R. Gryglewski, K. Herbaczykka-Cedro, and J. R. Vane, 


(20) D. W. Cushman and H. S. Cheung, Biochim. Biophys. Acta, 424, 


(21) R. J. Taylor, Jr., and J. J. Salata. Biochem. Pharmacol., 25,2479 


(22) T.  J. Williams and J. Morley, Nature (London),  246, 215 


(23) M. E. Goldyne, J. Inuest. Dermatol., 64,377 (1975). 
(24) D. S. Snyder, Prostaglandins, 1 I, 631 (1976). 
(25) G. L. Floersheim, Helu. Physiol. Acta, 22,92 (1964). 
(26) J. F. Bore], C. Feurer, C. Maanbe, and H. StAhelin, Immunolom, 


ibid.. 238, 104 (1972). 


449 (1976). 


(1976). 


(1973). 


-. 
32,1017 (1977). 


(27) M. W. Duncan. D. A. Person. R. R. Rich. and J. T.  Sham. Arthritis 
. I  


Rheum., 20,1174 (1977). 


323 (1976). 
(28) S. Moncada. P. Needleman, S. Bunting, and J. R. Vane, ibid., 12, 


(29) S. M. Phillips and B. Zweiman, J .  Exp. Med., 137, 1494 (1973). 
(30) R. Arinoviche and G. Loewi. Ann.  Rheum. Dis., 29.32 (1970). 
(31) R. M. Friedrnan, Proc. Soc. Exp. Hiol. Med., 116,471 (1964). 
(32) A. E. Fox, J. L. Gingold, and H. H. Freedman, Infect. Immun., 


(33) D. S. Nelson, Immunology, 9, 219 (1965). 
(34) S. Cohn, 8. Benacerraf, R. T. McCluskey, and Z. Ovary, J. Im- 


(35) “The Pharmacological Basis of Therapeutics,” L. S. Goodman 


(36) R. B. Colvin, R. A. Johnson, M. C. Mihm, Jr., and H. F. Dvorak, 


(37) R. B. Colvin and H. F. Dvorak, J .  Immunol., 114,377 (1975). 
(38) R. B. Colvin, M. C. Mihrn, Jr., and H. F. Dvorak, N. Engl. J. Med.. 


(39) E. Pick and H. Abrahamer, In t .  Arch. Allergy Appl. Immunol., 


(40) E. Pick, Immunology, 26,649 (1974). 
(41) B. R. Bloom, J .  Gaffney, and L. Jirnenez,J. Immunol., 109,1395 


8,549 (1973). 


munol., 98,351 (1967). 


and A. Gilman, Eds., Macrnillan, New York, N.Y., 1975, p. 1350. 


J. Exp.  Med., 138,686 (1973). 


295,734 (1976). 


44,215 (1973). 


(1972). 


(42) S. L. Wallace, D. Bernstein, and H. Diamond, J .  Am. Med. Assoc., 


(43) T. Inderbitzen, Int .  Arch. Allergy Appl. Imrnunol., 7, 140 


(44) J. Prochazka Fisher and R. A. Cooke, J .  Allergy, 29, 396 


199,93 (1967). 


(1955). 


(1958). 
-I  


(45) M. A. Goldman, B. A. Simpson, and H. F. Dvorak, J .  Immunol , 
110,1511 (1973). 


(46) R. W. Schayer and 0. H. Ganley, Am. J .  Physiol., 197, 721 


(47) H. 0. Schild and D. A. Willoughby, Ar. Med. Bull., 23, 46 


(48) J. P. Phair, A. J. Eisenfeld, R. J. Levine, and F. S. Kantor, Im- 


(49) W. M. Sams, Jr., Mayo. Clin. Proc., 42,300 (1967). 
(50) A. W. Bagnall, Can. Med. Assoc. J . ,  77,182 (1957). 
(51) A. Freedman and V. L. Steinberg, Ann. Rheum. Dis., 19, 243 


(52) A. J. Popert, K. A. E. Meijers, J .  Sharp, and F. Bier, ibid., 20,18 


(53) J. C. Daniels, K. S. Warren, and J. R. David, J .  Immunol., 115, 


(54) A. A. F. Mahmoud, M. A. Mandel, K. S. Warren, and L. T.  Web- 


(55) L. T. Webster, Jr., A. E. Butterworth, A. A. F. Mahmoud, E. N. 


(56) J. Symoens and M. Rosenthal, J. Reticuloendothel. Soc., 21,175 


(57) U. Trabert, M. Rosenthal, and W. Muller, Schueiz. Med. Wo- 


(58) P. A. Dieppe, D. A. Willoughby, E. C. Huskisson, and E. Arri- 


(59) I. A. Jaffe, Arthritis Rheum., 13.436 (1970). 
(60) Multicentre Trial Group, Lancet, 1, 275 (1973). 
(61) M. H. Gordon and G. E. Ehrlich, J. Am. Med. Assoc., 229,1342 


(1974). 
(62) J. L. Turk, D. A. Willoughby. and J .  E. Stevens, Immunology, 14, 


683 (1968). 
(63) B. H. Waksman, S. Arbouys, and B. G. Arnason. J .  Exp. Med., 


114,997 (1961). 
(64) H. B. Richerson, H. F. Dvorak, and S. Leskowtiz, ibid., 132,546 


(1970). 
(65) J. M. Gumpel. P. M. Ford, and F. W. S. Webb, Ann. Rheum. Dis., 


30,78 (1971). 
(66) H. Megel, A. Raychaudhuri, S. Goldstein, C. R. Kinsolving, I. 


Shernano, and ,J. G. Michael, Proc. Soc Ewp. Biul. Med., 145, 513 
(1974). 


(1959). 


(1967). 


munology, 18,611 (1970). 


( 1960). 


(1961). 


1414 (1975). 


ster, Jr., ibid., 114,279 (1975). 


Mngola, and K. S. Warren, N. Engl. J. Med., 292, 1144 (1975). 


(1977). 


chenschr., 106,1293 (1976). 


goni-Martelli, Agents Actions, 6,618 (1976). 


(67) Y.-H. Chang, J. Pharmacol. Exp. “her., 203,156 (1977). 
(68) F. M. Collins, Antimicrob. Agents Chemother., 7,447 (1975). 


ACKNOWLEDGMENTS 


The authors are grateful to the various pharmaceutical companies for 
providing samples of compounds. They also thank M. Miraglia for as- 
sistance. 


Journal of Pharmaceutical Sciences I 15 
Vol. 68, No. 1, January 1979 












OPEN FORUM 


Capsule Dissolution 


I take exception to Dr. Moore’s implicit criticism and conclusions in 
his letter “Nondisintegration of a Capsule’s Contents” in the 
February 1979 Open Forum’. 


First, it does not strike me as unexpected to find in uitro 
differences, using discriminating methods, in dosage forms as 
fundamentally different as tablets, capsules, and timed-release 
tablets. It seems grossly unjustified to impute “top manufacturers” on 
such a finding because it fails to take into account special patient 
needs, the clinical effects resulting from such differences, and the 
label claims of the manufacturer. 


Second, I do not believe that the slower dissolution observed with 
the capsule was failure to disintegrate but more likely a failure of the 
capsule contents to wet readily. Incidentally, wetting problems are 
easily identified by sprinkling the contents onto water and noting 
whether they float. Under any conditions, I would not presume that 
a disintegration failure could be extrapolated to a general industry 
need and opportunity to make a fortune based only on dissolution test 
values. 


Finally, for a more detailed discussion on capsule wetting problems 
and how to overcome them, readers are invited to read my paper2 
“Dissolution of Lithium and Magnesium from Lithium Carbonate 
Capsules Containing Magnesium Stearate.” 


Henry C.  Caldwell 
Research and Development 
Smith Kline & French Laboratories 
Philadelphia, PA 19101 


Received March 15,1979. 
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An tibiotic Certification 


I would like to comment on the editorial, “Antibiotic 
Certification-Obsolete and Archaic,” in the February issue’ of J 


Pharrn. Sci. I read it the day after retiring from FDA after 31 years 
plus of service in the subject field. 


I agree with Dr. Feldmann and Dr. George Schneller that, when 
antibiotics were first marketed, they were extremely crude and that 
conventional methods were not applicable to assure their potency. I 
also agree that advances in manufacture have allowed the making of 
these pharmaceuticals with a degree of purity comparable to other 
chemicals. 


I also agree that antibiotics should not be treated differently from 
other potent medicinal agents on the market. 


I do, however, feel that to assure compliance through regular 
enforcement activities is not sufficient nor optimal. 


Test results from postdistribution testing in the National Center 
of Drug Analysis have shown that some drug categories have 10-2596 
defective lots. None of these products was tested for sterility or 
absence of pyrogenicity, which could make the rate even higher. 


has been beneficial in overall drug evaluations. Let me cite a few of 
many examples: 


1. Expiration dates, required for antibiotics since the program 
began, were deemed necessary for all drug products in the most recent 
GMP regulations. 


(ophthalmic), and limits for their presence are now prescribed for all 
drug products. 


essential for the certification program, and Drug Registration lagged 
far behind in other areas. 


contribute to public safety and health, let me put the claim of 
increased cost of medicines in a proper perspective. 


The certification service, which covers more positions than those 
used for the testing only (new antibiotic drug evaluation, inspection, 
e t c . ) ,  has a budget near $6 million. This amount is about 0.3% in an 
industry where the total sales are estimated to be about $2 billion. 


Peter J. Weiss 
(Former Director, National 


1309 Caddington Avenue 
Silver Spring, MD 20901 


I also know that the experience gained in the certification program 


2. Metal particles were first observed in antibiotic ointments 


3. Full knowledge of manufacturers and their products was 


Finally, having shown that such thorough hands-on experience does 


Center for Antibiotic Analysis, FDA) 


Received March 6, 1979. 
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5 hr, and then decreased slowly. From the semilogarithmic time course 
data plot, an elimination half-life and an elimination rate constant for 
I1 were estimated to be 24.8 hr and 0.028 hr-’, respectively. The results 
for I and I1 suggested that I is about 10 times more persistent than I1 in 
its elimination from dogs. 


DAYS 


Figure 4-Time course of the whole blood mefloguine concentration 
in a beagle dog given a single 250-mg tablet. 


I 1 


HOURS 
6 12 24  .- 48 72  


Figure 5-Time course of the average whole blood I /  concentration in 
two beagle dags given 2.50-mg tablets. 
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Abstract 0 Hammer mill applicability in the comixing milling operation 
is discussed with reference to a 1:lOOO microfine salicylic acid-sucrose 
binary system. The hammer mill would not serve as a mixing machine 
under most circumstances because o f  the low holdup capacity. Grinding 
of pure materials was preferable to mixture grinding since active ingre- 
dients could be lost during the milling operation. Remixing was always 
necessary following comminution of  the mixture in the hammer mill. 
Grinding followed by remixing considerably enhanced mixture homo- 
geneity. A large size range was produced by comminution, which resulted 
in the segregation of ordered units such that the final mixture could be 
described as a randomized ordered mixture. 


Keyphrases 0 Powders-homogenization using a hammer mill, su-  
crose-salicylic acid Pharmaceutical formulations-powders, homog- 
enization using a hammer mill, sucrose-salicylic acid 0 Hammer mill- 
powder homogenizat ion, sucrose-salicylic acid 


Many raw materials are supplied in a form requiring no 
further processing. However, grinding or cutting may be 
indicated with waxes and vegetable drugs or when ag- 
glomeration of starting materials occurs on storage. If 
grinding is a necessary stage in manufacturing or is re- 
quired to attain a desired homogeneity, the hammer mill 
is frequently used for comminution. 


Mixing is impossible when CR, the theoretical standard 
deviation of the fully randomized system, is equal to or 
greater than CA,  the specification index (1). The CR value 
can be calculated from the sample size and the known 
proportions of the powders to be mixed using Lacey’s 
equation (2): 


(Eq. 1) 


where X and Yare the proportions of the two ingredients 
and N is the number of particles in the samples. The U A  


value is calculated from the desired homogeneity of the 
powder mixture (3). The value of UR can be reduced by 
increasing the particle number per sample, which implies 
that size reduction is necessary. 


Even though the hammer mill has been extensively used 
in the pharmaceutical industry for size reduction, limited 
evaluation has been carried out on the mixing performance 
of industrial comminution equipment. Most equipment 
used in comminution was ineffective for powder mixing 
operations because of the low holdup capacity (4). With 
nonflowing materials, passing a preblend through a ham- 
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Table I-Actual Mixing Time (Minutes) for Each Preblend 


Remixing 
after 


Passing 
Initial through 
Mixing Hammer 
in Cube Mill 


Prehlend Mixer Once 


Final 
Remixing Remixing 


after after 
Passing Passing 
through through 
Hammer Hammer 


Twice Times 
Mill Mill Three 


mer mill increased the mixture homogeneity (5 ) .  The main 
problems associated with grinding were cost, contamina- 
tion, and segregation (6). 


Random mixing theory has been established for 25 years, 
but, in practice, mixtures rarely attain full randomization 
due to  particulate size, shape, and density differences. 
Ordered mixtures exist in which one constituent adheres 
onto the surface of the other in a fixed proportion (7). The 
purpose of the present work was to investigate the appli- 
cation of the hammer mill to  powder mixing operations 
with particular reference to ordered mixing. The  binary 
system used had previously been shown to give an ordered 
mixture under some circumstances. 


EXPEHJMENTAL 


Sucrose was the oversized fraction remaining when granulated sugar' 
was sieved through a 630-pm mesh screen2. Salicylic acid was previously 
sized using an air permeability technique (at  3.4-pm average diameter). 


5 t 
h 


1 x 10-4 1 I I 1 I 
1 2 4  10 160 320 


MINUTES 


Figure I-Effect of passing the salicylic acid-sucrose mixture (1:lOOO) 
through the hammer mill once. Key: A and H, standard deoiations o/ 
a fully randomized equivalent system before and after passing through 
the hammer mill, respectiuely; h, mixture that has been passed through 
the hammer mill; 0, Preblend 1; 0, Preblend 2; A *  Preblend 3; and 0 ,  
Preblend 4. 


' C. S. R.  brand 1A * No. 29 mesh. 


Table 11-Sucrose Size Distribution (Weight Fraction 
Undersize) bcfore and a f t e r  Passing through t h e  Hammer Mill 


Partirle . -. . . . . . 


Size, 
pm Zero One Two Three 


Number of Passes through Hammer Mill 


1003 1 1 1 1 
853 0.930 
710 0.492 0.902 0.985 0.999 
600 0.065 0.710 0.923 0.988 
500 0.016 0.565 0.834 0.956 
4 25 0.516 0.788 0.932 
355 
250 
180 
150 


0.468 0.731 0.895 
0.380 0.605 0.794 
0.291 0.459 0.645 
0.264 0.415 0.593 


75 0.163 0.248 0.364 
<75 0 0 0 
z f u ~  335.63 pg 131.80 p g  47.64 p g  16.12 p g  


0 Determined by a nest of sieves and a sieve shaker. 


The sucrose size distribution was determined using a nest of sieves and 
a test sieve-shaker?. The sucrose and salicylic acid densities were deter- 
mined by air comparison pycnometry to be 1.44 and 1.59 g/cm, respec- 
tively (8). 


Preblends were prepared by mixing 3.6 kg of powders (salicylic acid- 
sucrose, 1:lOOO) in a 7.5-kg stainless steel revolvo-cube mixer4 for 1, 2, 
4. or 160 min. Each preblend was subsequently passed through the 
hammer mill5. The revolvo-cube mixer was fitted with an internal agitator 
rotating a t  37 rpm while the cube mixer rotated at 17 rpm. 


After grinding, the mixture was reloaded into the revolvo-cube mixer 
and remixed according to the procedure given in Table I. The whole 
comminution and remixing process was repeated three times. Twenty 
random samples (250 mg) were taken immediately before grinding and 
liefore remixing in the revolvo-cube mixer at  each cycle for each preblend. 
T o  investigate the sample size effect on the standard deviation, different 
sample weights were collected using a set of concentric cylindrical sam- 
pling thieves. The samples were individually assayed by dissolving the 
contents in S(MS ethanol. The absorbance was measured a t  300 nm using 
a spectrophotometer6 connected to an autosampling unit. The blank 
consisted of 50% ethanol with an equivalent amount of sucrose. For 


1 x lo-' 


2 5 


9 


Z 


I- 


5 


2 1 x lo-5 


0 
0 a 


2 


A - 
- 
C 


10 20 1 x 1 0 - 6  


MINUTES 


Figure 2-Effect of passing the salicylic acid-sucrose mixture (1.1000) 
through the  hammer mill twice. Key: A and C, standard deuiations of 
a fully randomized squiualent system before and after passing through 
the  hammer mill twice, respectiue1.y; h, mixture that has been passed 
through the hammer mill; 0, Preblend I ;  0, Preblend 2; and A, Preblend 
3. 


A. C. Cheers Pty. Ltd. ' Garwood and Goodyear Pty. Ltd. 
Bauhnecht (Glen Creston Ltd.). 
Techtron model 634, Varian 
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Table 111-Salicylic Acid Content (Percent) for Each Group of 
20 Samples Taken at Various Stages of the Experiment 


I I I I I I 


Stagea 
Preblend 


1 2 3 4 


m 112.7 89.9 98.7 96.8 
mlh 100.8 109.1 97.4 100.0 
mlhlm 99.5 101.2 98.5 103.9 
m lh  / m  f h  98.0 95.6 89.4 
mlh fmlhlm 99.4 96.9 96.4 
mlhlmlhlmlh 94.8 95.4 90. I 
m lh  I m lh /m  lh /m  95.3 96.3 93.6 


4 rn = a single stage of mixing in the cube mixer, and h = a single passage through 
the hammer mill. 


comparison, data previously obtained using salicylic acid and sucrose 
mixtures in a revolvo-cube mixer were used (8). 


RESULTS 


The sucrose size distribution is shown in Table 11; the median diameter 
was 710 pm. The hammer mill comminution effect resulted in size re- 
duction as the mix was passed through the hammer mill each time (Table 
11). Mixing was examined by the analysis of the samples removed a t  
various stages, i.e., after mixing and/or milling. The standard sample 
concentration deviation was calculated from: 


(Eq. 2) 


where x ,  was the sample concentration and j? was the mean sample con- 
centration estimated from n number of samples. 


Preblends were investigated after 1,2,4,  and 160 min (Preblends 1-4. 
respectively). Figures 1-3 show the effect of passing the four prehlends 
through the hammer mill once, twice, and three times. Preblend 4 was 
only passed through the hammer mill once. The graphs are plots of 
standard deviation against time. The x -axis is the cumulative time that 
the mixture was mixed in the revolvo-cube mixer. 


Figure 4 shows the mixing of salicylic acid and sucrose or  icing sugar 
in the revolvo-cube mixer. The effect of sample size on the standard de- 
viation for Preblend 3 is shown in Fig. 5.  Table 111 shows the mean sali- 
cylic acid content for the four preblends a t  different stages. 


DISCUSSION 


Figures 1-3 indicate that grinding should never be the last stage in any 
mixing operation. The comminution effect of the hammer mill induces 
segregation due to size differences; since the holdup capacity of the mill 


h 
1 x lo-' A 


a 
$ 1  x 10 


- 1 
0 
2 
6 
ti 


A - 


- 
D 


1 1 I I 
4 10 20 40 


1 x 10-61 


MINUTES 


Figure 3-Effect of passing the salicylic acid-sucrose mixture (1:1000) 
through the hammer mill three times. Key: A and D, standard deviations 
of a fully randomized equivalent system before and after passing 
through the hammer mill three times, respectioely; h, mixture that has 
been passed through the hammer mill; 0. Preblend 1 ;  0, Preblend 2; 
and A #  Preblend 3. 
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Figure 5-Effect of sample size on standard deviation for Preblend 3 
that was remixed after passing through the hammer mill three times. 
The dotted line represents the standard deviation for a fully eguiualent 
randomized system. Error bars are 9506 confidence limits for individual 
results. 
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The active ingredient loss was only significant after three passes through 
the hammer mill. 


Comparison of Fig. 1 with Fig. 4 shows that if the materials could be 
purchased in a fine form, it would probably he more economical to mix 
the preground fine material instead of grinding and mixing the coarser 
powders. The ordered mixture formation rate is slow when fine-fine 
components are mixed in a revolvo-cube mixer. With hammer mill mix- 
ture grinding, new surfaces are created by fracture of the coarse crystals. 
This procedure provides more area for drug particle adhesion. Further- 
more, aggregates are broken down more rapidly in the hammer mill to 
facilitate mixing. Nevertheless, the cost of longer mixing time in the re- 
volvo-cube mixer for fine-fine mixtures will be compensated by less 
handling of the mix than when the hammer mill is used. 


Figure 4 also shows the mixing of a fine-coarse system in a revolvo-cube 
mixer where the desired degree of homogeneity is achieved after 10 min 
and the ordered mixture is stable and not prone to segregation (8). Even 
though homogeneity increases for fine particles, other problems such as 
fine powder flow (10) and storage effects ( 1 1 )  cannot be overlooked. 


The sample size effect on the standard deviation for Preblend 3 is 
shown in Fig. 5. For a randomized mixture, the slope of the line will be 
-0.5. For an ordered mixture, it will approach zero. The 95% confidence 
limits for the slope were -0.554--0.166. The mixture could not be clas- 
sified as either completely randomized or completely ordered. In fact, 
it may have been a mixture of both systems, a description that may satisfy 
most powder mixtures used in pharmaceutical practice. A system with 
a large particle-size range is unlikely to he fully randomized due to size 
segregation. In practice, some degree of adhesional-type ordered mixture 
(12) may be formed. Due to the size differences of carrier particles, they 
will undergo ordered unit segregation (13, 14). Further mixing of this 
system will produce the randomized ordered unit powder mixture. 


REFERENCES 


( 1 )  J. A. Hersey, Aust. J .  fharm. Sci., NSI, 76 (1972). 
(2) P. M. C. Lacey. Trans. Inst. Chem. Eng., 21,53 (1943). 
( 3 )  J. A.  Hersey, J .  f ha rm.  fharmacol., 19, 168s (1967). 
(4) D. Train, f h a r m .  J., 185,129 (1960). 
(5) J .  B. Gary, Chem. Eng. Prog., 53,25 (1957). 
(6) J. A. Hersey and J .  Cooper, Process Chem. Eng., No. 2, 11 


( 7 )  C. W. Yip and J. A. Hersey, f o u d e r  Techno/., 16,189 (1977). 
(8) C. C. Yeung and J. A. Hersey. ibid.. 22,127 (1979). 
(9) K.  R. Poole, F. R. Taylor, and G. P. Wall, Trans. Ins t .  Chem. Eng., 


(1978). 


41,T305 (1964). 
(10) R. J. Winters, Chem. Eng. f rog . ,  73.82 (1977). 
( 1 1 )  R. C. Oppenheim and J .  A. Hersey, J. Powder Bulk Solids 


(12) J. A. Hersey, Aust. J .  f h a r m .  Sci., 6,29  (1977). 
(13) M. J .  Crooks and R. Ho, Powder Techno/., 14,161 (1976). 
(14) C. W. Yip and J. A. Hersey, ibid., 16, 149 (1977). 


Techno/., I .  3 (1977). 


ACKNOWLEDGMENTS 


Supported by the Pharmaceutical Society of Victoria and the Aus- 
tralian Research Grants Committee. 


The authors thank the Pharmacy Department, Western Australian 
Institute of Terhnology, for providing the microfine salicylic acid and 
the Chemical Engineering Department, Monash University, for use of 
laboratory test sieves. They also thank Dr. W. d. Thiel and Mr. P. Ste- 
phenson for valuable discussions. 


Vehicle Effects on Ocular Drug Bioavailability 111: 
Shear-Facilitated Pilocarpine Release from Ointments 


JAMES W. SIEG * and JOSEPH R. ROBINSON 
Received June 5, 1978, from the School of Pharmacy, Uniuersity o/ Wisconsin, Madison, WI 53706. 
1978. 


Accepted for publication November 29, 
‘Present address: College of Pharmacy, University of Kentucky, Lexington, KY 40506. 


Abstract 0 Pilocarpine release from water-in-oil emulsion ointments 
was studied in uitro and in uiuo, using albino rabbits. Pilocarpine release 
from the vehicle to the ocular fluids was dependent on shear, i.p., blinking, 
and the dosing system emulsifying efficiency. A mechanical shearing 
component was vital for correlating corneal drug penetration and the in 
uilro pilocarpine release pattern. Simple diffusion studies with the ve- 
hicles did not predict drug in uiuo release, but the ointment systems were 
all superior to an aqueous pilocarpine solution. Incorporation of a me- 
chanical shearing component to mimic blinking gave good correlation 
of in uitro and in uiuo results. Also, increasing the vehicle emulsifying 
efficiency by surfactant addition decreased shear-facilitated drug release 
and in uiuo performance. Finally, increasing the internal aqueous phase 
volume fraction decreased in uiuo performance and was linked to the 
influence of effective drug concentration in the vehicle. 


Keyphrases 0 Dosage forms, ocular-pilocarpine, shear-facilitated 
release, ointments Pilocarpine-release, shear facilitated, ocular 
ointments o Shear-facilitation of pilocarpine release from ocular 
ointments 0 Ointments-pilocarpine, shear-facilitated release, ocular 


Important considerations in vehicle design are the an- 
atomical and physiological aspects of the drug delivery site. 
To improve drug bioavailability, ocular drug delivery 
system designs are based on comfort, contact time, and 
dose volume, each of which recognizes an important ana- 
tomical/physiological constraint. An additional ocular 
limitation is blinking, which can both increase and de- 
crease drug bioavailability. On the positive side, blinking 


spreads instilled solution or ointment across the cornea, 
thus promoting corneal contact and drug absorption. On 
the negative side, it forces drug away from the precorneal 
area and into the drainage apparatus. 


An important blinking feature is the shear that occurs 
when a vehicle is placed in the eye and blinking occurs. The 
proximity of the eyelids to the eyeball exposes an instilled 
vehicle to a considerable shearing stress during blinking. 
Non-Newtonian fluid vehicles should undergo rheological 
changes during blinking, and ointments should have an 
altered drug release profile. This report describes an 
ointment drug release that is dependent on blinking and 
on the shear created by blinking. 


Drug solubility, prolonged contact time, and modest 
sustained release are some positive features of ointments. 
Unfortunately, ointments sometimes create blurred vision 
and are apparently less accepted by the patient than 
simple aqueous solutions. Nevertheless, one generally has 
greater control over drug release from an ointment than 
from a corresponding aqueous based product in terms of 
drug solubility, emulsion uersus nonemulsion form, and 
contact time. Generally, drug release from an ointment is 
attributed to partitioning and/or diffusion, depending on 
the drug properties and the specific vehicle selected. A 
third possibility for drug release, specifically from water- 
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Abstract u The synthesis, characterization, and therapeutic evaluation 
of a series of partially esterifled derivatives of pentetic (diethylenetri- 
aminepentaacetic) acid are reported. These compounds were prepared 
in an attempt to promote increased decorporation of insoluble colloidal 
forms of plutonium, which are not removed by pentetic acid alone. The 
dimethyl, diethyl, dihutyl, dioctyl, and monoethyl esters were synthesized 
by reaction of the appropriate alcohol with the dianhydride of pentetic 
acid. These esters were injected intravenously into mice as their calcium 
chelates in saline. None of the esters was effective in removing plutonium 
from the liver. All esters removed approximately 20% of the plutonium 
in the skeleton. However, when the esters were given together with 
pentetic acid, only the dioctyl ester showed enhanced removal of pluto- 
nium compared to pentetic acid alone. The small increase in effectiveness 
and the increased acute toxicity make these esters of limited practical 
interest in plutonium decorporation therapy. 


Keyphrases 0 Pentetate esters, various-synthesized, evaluated for 
ability to decorporate polymeric plutonium in mice Plutonium, poly- 
meric-decorporation in mice, various pentetate esters evaluated 
Structure-activity relationships-various pentetate esters evaluated for 
ability to decorporate polymeric plutonium in mice Chelating 
agents-. various pentetate esters synthesized, evaluated for ability to 
decorporate polymeric plutonium in mice 


The disposition kinetics of the easily hydrolyzable toxic 
radiometal plutonium following accidental exposure de- 
pend on the physicochemical form to which an individual 
is exposed as well as the route of exposure. Systemically 
deposited plutonium (k., plutonium that has reached the 
circulation and is subsequently deposited in the tissues) 
is generally considered to be soluble (“monomeric”) plu- 
tonium. However, aggregated insoluble forms of plutonium 
have been observed at  later times in the liver and spleen 


(1, 2). As a model for insoluble systemically deposited 
plutonium, a colloidal (“polymeric”) plutonium prepara- 
tion is injected intravenously in animals. A large fraction 
of this plutonium is rapidly deposited in organs rich in 
reticuloendothelial elements, particularly the liver (3). 


RACKGHOUND 


Pentetic acid (diethylenetriaminepentaacetic acid or DTPA), 
N , N -  bis[2-[bis(carhoxymethyl)amino]ethyl]glycine, administered in- 
travenously as  the calcium chelate trisodium salt ( I ) ,  presently is con- 
sidered the treatment of choice for accidental exposure to certain mul- 
tivalent lanthanide and actinide radioelements such as plutonium. This 
drug has also been used for the treatment of lead poisoning, acute iron 
intoxication, and iron storage disease (4). Although 1 has been effective 
in removing soluble plutonium from the liver and, to a lesser extent, from 
the skeleton (5, 6 ) ,  this chelating agent has not been successful in de- 
corporating the more insoluble polymeric plutonium (7). Since hepatically 
deposited polymeric plutonium is primarily associated with lysosomes 
(8) and 1 is predominantly distributed in the extracellular space (9) and 
is rapidly excreted in the urine (101, it was reasoned that increased in- 
tracellular uptake of 1 might place a sufficient concentration of ligand 
a t  the site of plutonium deposition to promote increased plutonium de- 
corporation. 


Previously, two different approaches were attempted to increase the 
uptake of I into cells. Markley (11), using the pentaethyl ester of pentetic 
acid, found tha t  this more lipid-soluble form removed additional pluto- 
nium from the mouse liver beyond that removed with I alone. When I and 
its pentaethyl ester were administered together, their effects in the liver 
were approximately additive, suggesting that each form was acting on 
a separate and distinct fraction of hepatic plutonium. However, the 
pentaethyl ester was much more toxic than 1. In the second approach, 
I encapsulated in phospholipid liposomes was injected intravenously. 
The  encapsulated I deposited intracellularly in the liver (12) to a large 
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extent and removed plutonium from the liver that could not be removed 
by I alone (13). 


The present study was designed to test the possibility that  partial es- 
terification of pentetic acid with alcohols of varying chain length might 
provide compounds less toxic than the pentaethyl ester while retaining 
effective adjunct potency for removal of polymeric plutonium from the 
liver. A group of new mono- and diesters of pentetic acid was synthesized 
for experimental use in plutonium chelation therapy. Preparation of the 
esters was patterned after the synthesis of corresponding diesters of edetic 
acid (14,15). The dianhydride (11) of pentetic acid was used as an inter- 
mediate; I1 reacts smoothly with primary alcohols to provide diesters 
111-VI (superscript numbers refer to NMR assignments) in good yield. 


EXPERIMENTAL 


Materials-Methanol and ethanol were purified by distillation from 
their respective magnesium alkoxides. Reagent grade pyridine and di- 
methylformamide were dried by storage over freshly activated molecular 
sieves'. Reagent grade pentetic acid2, 1-butanol, and 1-octanol were used 
directly. 


MethodgMelting points were determined on a hot-stage microscope3 
and are uncorrected. Samples to be characterized by NMR4 spectroscopy 
were prepared in 99.5% deuterium oxide a t  a concentration of 5-10% 
(w/v); the pD was adjusted to 7.4 by the addition of 1 M KOD, Na~C03,  
or DCI. Shifts are recorded in r uersw sodium 3-trimethylsilyl-2,2,3;~- 
tetradeuteropropionate. Elemental analyses were performed else- 
where5. 


Syntheses-Dianhydride of Pentetic Acid (II)-N,N-Bis[2-(2,6- 
dioxo-4-morpholinyl)]ethylglycine was prepared by previously published 
methods (15,16). 


Dimethyl Ester of Pentetic Acid (111)-A 100-mmole sample of I1 was 
refluxed with 250 ml of anhydrous methanol for 4 hr (drying tube), cooled, 
filtered, washed with 100 ml of methanol, and dried in OQCUO a t  75' 
overnight to provide 39.1 g (93%) of amorphous white powder, mp 
194195'; N M R  HI (6.13, s), H2 (6.67, s), H3 (6.37, s), H4 (6.60, t) ,  H5 
(6.91, t), and OCH3 (6.17, s) ppm. 


And-Calc. for C I ~ H Z ~ N ~ O I O :  C, 45.50; H, 6.46; N, 9.97. Found: C, 
45.50; H, 6.47; N, 9.87. 


Diethyl Ester of Pentetic Acid (1V)-A 105-mmole sample of 11 was 
refluxed (drying tube) in 250 ml of anhydrous ethanol for 1 hr. The cloudy 
solution was filtered hot through a medium frit glass filter with pressure. 
The product crystallized immediately upon cooling the filtrate and was 
recrystallized from 200 ml of anhydrous ethanol and dried in U ~ C U O  for 
24 hr at 60'. A 39.2-g sample (83%) of white powder, mp 143-144', was 
obtained; NMR H1 (6.13, s), H2 (6.67, s), H3 (6.39, s), H4 (6.59, t), H5 (6.90, 
t), OCH2 (5.80, q), and CH3 (8.72, t) ppm. 


And-Calc. for CinHRiNAOin: C, 48..10; H, 6.95; N. 9.35. Found: C, . .- 


47.66; H, 7.11; N, 9.26.- 
Dibutvl ( V )  and Dioctvl (VI) Esters of Pentetic Acid-A mixture of 


54 mmoies of'II, 150 mmhes of the respective I-alcohol, and 30-50 ml 
of anhydrous dimethylformamide was stirred a t  80' for 4 hr. After pre- 
cipitating slowly from the cooled clear amber solutions, the products were 


Linde 4-A,  Linde Division. Llnion Carhde Corp., NPW York, N.Y.  
G. Frederich Smith Chemical Co., Culuml)us, Ohio. 
E. Leitz, Inc.. Ihckleiyh. N.I 07647. 
Model HK-220. Varian Assi~ciates. l'aln Altii. Calil. 
Clark Microanalytical [,aI)i~r~itory, l!rhana, 111. 


recrystallized from methanol and dried in uacuo to yield white powders: 
V, 60%. mp 154-156"; and VI, 68%, mp 153-156"; NMR (V): H' (6.14, s), 
H2 (6.67, s), H3 (6.39, s), H4 (6.60, t), H5 (6.91, t), OCH2 (5.82); CH2 (8.35 
and 8.63), and CH3 (9.08, q)  ppm; NMR (VI): HI (6.13, s), H2 (6.70, s), 
H3 (6.41, s), H4 (6.56, t), H5 (6.97, t), OCH2 (5.91), CH2 (8.36 and 8.691, 
and CH3 (9.12, q) ppm. 


And-Calc. for C22H39N3010 (V): C, 52.26; H, 7.78; N, 8.31. Found: 
C, 52.16; H, 7.79; N, 8.33. Calc. for C3nH55N3010 (VI): C, 58.32; H, 8.97; 
N, 6.80. Found: C, 57.86; H, 8.88; N, 7.04. 


Monoethyl Ester of Pentetic Acid (VII)-When a sample of IV was 
refluxed in 95% ethanol, a precipitate appeared. This material, mp 
142-144', was not recrystallized, but elemental analysis and the NMR 
spectrum showed it to be VII, contaminated with small amounts of 
pentetic acid; N M R  HI (6.15, s), H3 (6.39, s), H4 (6.59, t), H5 (6.85, t) ,  
OCHZ (5.74, q), and CH3 (8.72, t) ppm. The two H2 signals in VII were 
overlapped by corresponding signals from pentetic acid. 


And-Calc. for C16H27N3010: C, 45.60; H, 6.46; N, 9.99. Found: C, 
45.96; H, 6.44; N, 9.87. 


Solutions for  Injection-A quantity of each ester (111-VII) sufficient 
to give a final concentration of 100 mg/ml (except VI, which gave 50 
mg/ml) was weighed into a volumetric flask and slurried with a stoi- 
chiometric amount of calcium carbonate and water until foaming sub- 
sided; 1.0 M NazC03 then was added dropwise to adjust the pH to 7.00 
f 0.05. The resulting solution was diluted to volume, filtered (fine-glass 
frit), and refrigerated at  5' until use. Similar solutions were prepared in 
deuterium oxide and examined by NMR spectroscopy. The results 
showed that negligible hydrolysis had occurred during preparation and 
that less than 10% of the esters were hydrolyzed after 60 days. 


Biological Studies-Female B6CF1/Anl mice, 80-100 days old, were 
injected with 1.0 pCi of polymeric plutonium/kg iv, which was 20% ul- 
trafilterable through a cellophane membrane (17). Five days later, groups 
of five mice each were treated with I (0.25 mmole/kg) intraperitoneally, 
one of the esters intravenously (0.25 mmole/kg for all esters except VI, 
which was given at 0.12 mmole/kg), or both. Treatments with I, IV, or VII 
were continued twice weekly for 4 weeks, with 111 or V twice weekly for 
3 weeks and with VI for 2 weeks. Toxicological considerations dictated 
the differences in treatment schedules. There were two plutonium control 
groups. In the first, the mice were treated with saline both intravenously 
and intraperitoneally. In the second, the mice received saline intrave- 
nously and I intraperitoneally. 


The mice were sacrificed a t  33 days after plutonium injection. Liver, 
spleen, lungs, and femurs (two per mouse) were removed, weighed, and 
assayed radiochemically for plutonium activity using published proce- 
dures (18). Preliminary toxicity testing of the new compounds was per- 
formed to determine a maximum injected dose that should not be acutely 
lethal to the test animals. This estimated dose was obtained by injecting 
small groups of animals (generally two to four) initially with a dose cor- 
responding to the intravenous LD50 dose for I (i.e., 4 mmoles/kg6). If all 
animals died, the dose was consecutively halved until a dose was reached 
where all animals survived. This dose was chosen as the initial therapeutic 
dose. 


RESULTS AND DISCUSSION 


The diesters 111-VI and the monoester VII, reported here for the first 
time, were obtained as pure crystalline or amorphous compounds and 
were characterized by elemental analysis and NMR spectroscopy. The 
NMR spectra were virtually identical, differing only in features assigned 
to the different alkoxy groups. The monoester VII was prepared from IV. 
Refluxing IV in 95% ethanol slowly hydrolyzed the diester, resulting in 
the precipitation of the insoluble VII. The lower esters 111, IV, and VII 
were moderately water soluble as the free acids; upon neutralization, all 
compounds were soluble to a t  least 0.1 M. 


Attempts were made to activate the central carboxyl group of I1 to 
prepare symmetrical monoesters or triesters. The conditions employed 
included a larger excess of acetic anhydride, higher reaction temperatures, 
and trifluoroacetic anhydride instead of acetic anhydride a t  room tem- 
perature. Extensive decomposition to malodorous tars occurred in each 
case. 


The limited toxicity testing of the synthesized compounds, based on 
a single intravenous injection, indicates that all of the esterified com- 
pounds were more acutely toxic than 1. Compared to 1, IV was about twice 
as toxic, 111 and VII were about three times, V was about six times, and 
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Table I-Effect of Pentetic Acid Esters on Plutonium Content of 
Livers and Femurs of Mice 


Percent of Controls Significance 
f SDb f i r  Femur 


Compounds Administered” Liver Femur Comparison‘ 


Saline alone (control)d 24.5 f 3.3 3.18 f 0.36 
I alone (contro1)d 24.9 f 1.1 2.29 f 0.26 
I I I alone 115 f 17 81.7 f 10.8 p < 0.02 
111 + I 106 f 7 90.5 f 14.2 N.S. 
IV alone 103 f 4 79.3 f 8.2 p < 0.01 
IV + I 102 f 3 106 f 10 N.S. 
V alone 105 f 16 81.8 f 10.9 p < 0.02 
V t I  97.0 f 6.7 84.0 f 12.5 N.S. 
VI alone 115 f 16 82.8 f 14.8 p < 0.05 
VI t I 99.8 f 12.5 84.1 f 12.1 p < 0.05 
VII alone 92.2 f 4.5 79.7 f 8.7 p < 0.01 
VII + I 104 f 5 106 f 7 N.S. 


0 Cwnpounds Il l - -VII were injected intravenously, and I was given intraperito- 
neally; comparable saline injections were substituted for I in “alone” groups. * Percent figures were ohtained by comparison of the ester “alone” groups with 
saline-treated controls and the ester t I groups with the I alone group. Standard 
deviations of the ratios were ohtained by a propagation of error approximation 
technique as specified by Deming (20). The test of independent means of treated 
and control groups (N.S. = no significant difference at p < 0.05). Percent of in- 
jected dose f SD. 


VI was about 10 times as toxic. However, all esters were significantly less 
toxic than the pentaethyl ester of pentetic acid. 


Table I summarizes the results obtained in trials designed to measure 
removal of polymeric plutonium from mouse liver and skeleton, using 
each of the esters, either alone or as an adjunct to I. Treatment efficacy 
is expressed as percent of the respective control level. With respect to the 
plutonium burden in the liver a t  33 days, there was no effect of treatment 
with any of the esters, whether given alone or with I; nor did treatment 
with these esters have any significant effect on the plutonium content 
of the lung or spleen. In the skeleton, however, treatment with 111, IV, 
or VII resulted in about a 20% reduction in the plutonium content of the 
femurs as compared to saline-treated controls. These reductions were 
statistically significant. When these esters were given together with I, 
there was no removal beyond that attributable to I alone. In contrast, 
treatment with V or V I  resulted in a 15-20% reduction of the femur 
plutonium burden compared to the respective controls whether these 
esters were given alone or with I. 


The objective of this study, removal of polymeric plutonium from the 
liver, was not achieved using any of the partially esterified compounds 
111-VII. Since Markley (11) previously demonstrated that the fully es- 
terified pentaethyl ester of pentetic acid could remove a fraction of he- 
patic plutonium not removed by I, it seems reasonable to assume that 
the chemical modifications of I to the incompletely esterified forms were 
not sufficient to achieve the therapeutic action of the pentaethyl ester. 
This result may be due to the fact that esterification of one or two of the 
five acid groups does not sufficiently reduce the charge density of the 
molecule to enhance its cellular membrane transport. On the basis of 
present evidence, it is assumed that the effectiveness of the neutral 
pentaethyl ester is due to its increased intracellular uptake by pluto- 
nium-bearing liver cells followed by hydrolysis of the ester groups with 
”reactivation” of the ionic ligand within the vicinity of the target pluto- 
nium. This action is followed by chelation and subsequent excretion of 
the more soluble plutonium chelate. 


An unexpected result was the demonstration of adjunct effectiveness 
of V and VI for removal of skeletal plutonium. The varying effectiveness 
of the esters tested suggests that partial esterification may have produced 
differences in their metabolism and/or distribution as compared to the 
unesterified ligand, I. Compounds Ill, IV, and VII,  when given alone, 


removed skeletal plutonium; but when given together with I, they exerted 
no additional effect, suggesting that partial esterification with methyl 
or ethyl groups did little to alter the therapeutic effect of pentetic acid, 
a t  least as related to the removal of skeletal plutonium. Thus, the ther- 
apeutic effect noted when the esters were given alone was probably due 
to a chelating action similar to that of 1. If 111, IV, and VII behave like the 
ionic I, then adjunct potency would not be expected since the adminis- 
tered dose of I was shown previously to effect maximum removal of plu- 
tonium from the skeleton (19). In effect, the excess ligand, whether as 
acid or ester, was wasted. 


Although the administration of either V or VI, given alone or with I, 
resulted in increased removal of skeletal plutonium, speculation on the 
mechanism of action of these esters seems inappropriate, particularly 
in view of the marginal effect produced. However, these esters are now 
being tested against other toxic metals, and one of the compounds (V) 
may be of‘ interest for the decorporation of intracellularly deposited 
lead. 
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Abstract 0 Three procedures for fluorescence assay of hydroxy- 
naphthoquinones are reported. The first procedure, based on prior so- 
dium dithionite reduction and determination of the fluorophore in butyl 
acetate, is applicable to all of the hydroxynaphthoquinones investigated 
(detection limit: f 0.020 pg of quinondg of butyl acetate). The second 
method, specific for 5-hydroxy-l,4-naphthoquinones (juglone series), 
involves warm reduction with stannous chloride in an acid medium and 
determination of the fluorophore in chloroform (detection limit: f0.020 
pg of quinone/g of chloroform). The third method, based on the reaction 
of Guilbault and Kramer, is applicable to 5-hydroxy- and 5,8-dihy- 
droxy-1,4-naphthoquinones having both free quinonoid positions (de- 
tection limit: f0.020 pg of juglone/g of dimethyl sulfoxide and 0.070 pg 
of p-naphthazarinlg of dimethyl sulfoxide). The nature of the fluoro- 
phores also was investigated. 


Keyphrases 0 Hydroxynaphthoquinones, various-fluorometric 
analyses, three different procedures 13 Fluorometry-analyses, various 
hydroxynaphthoquinones, three different procedures 


Hydroxynaphthoquinones of considerable interest ( I )  
include the perihydroxy-1,4-naphthoquinones, juglone 
[occurring in the green parts of Juglans regia L. (Jug- 
landaceae)], and plumbagin [in the roots and leaves of 
Plumbaginaceae and in Drosera rotundifolia L.  (Droser- 
aceae)], as well as lawsone [in Lawsonia inermis L. 
(Lythracaea)], lapachol (in the heartwood of several genera 
of the Bignoniaceae, especially the tribe Tecomeae), and 
phthiocol (isolated from Mycobacterium tuberculosis). 


Dried plants, crude extracts, tinctures, or the pure 
quinones are still in use. In Belgium and France, tincture 
of Drosera is reputed to be of value in chronic bronchitis; 
but, since the drug deteriorates even when carefully stored, 
it is often inert (2). Henna (powder of dried leaves of 
Lawsonia) has been used in intestinal amoebiasis (3) and 
is perhaps one of the oldest cosmetics still in use. The 
fungicidal and bactericidal properties of pure plumbagin 
and juglone also have found medicinal use (4), and the 
antitumor properties of lapachol are presently of interest 
(5). 


The chemistry of the hydroxynaphthoquinones has been 
studied extensively, especially lapachol(6) and juglone (1). 
However, the usual colorimetric and spectrophotometric 
methods for quantitative analysis of these compounds 
suffer from a lack of sensitivity and specificity. Fluoro- 
metric methods have not been reported until now and have 
to be based on chemical conversion because hydroxy- 
naphthoquinones are nonfluorescent. 


This paper describes simple fluorometric procedures for 
the pure compounds, permitting determinations at  the 
submicrogram level. The most general method involves 
biphasic reduction with sodium dithionite solutions and 
determination of the fluorophore in butyl acetate. Since 
the procedure is also applicable to naphthoquinones with 
alkyl or prenyl (3-methyl-2-butenyl) groups (71, the 
method is not specific but is highly sensitive. Another 
procedure is based on warm reduction with stannous 
chloride followed by determination of the fluorophore 


formed in chloroform. The method is specific for 5-hy- 
droxy-1,4-naphthoquinones (juglone and plumbagin) and 
is sensitive. A third procedure uses the reaction of Guil- 
bault and Kramer (8) (nucleophilic addition of potassium 
cyanide) and appears to be specific for 5-hydroxy- and 
5,8-dihydroxy-1,4-naphthoquinones with both quinonoid 
positions free. 


EXPERIMENTAL 


Instrumentation-The fluorescence spectrometer, equipped with a 
xenon arc1 fed by a dc current supply2, had a magnetic stabilizer3, two 
quartz prism mono chroma tor^^ with continuously adjustable slit widths, 
fluorescence attachment5, a potted photomultiplier6, and a microam- 
meter7 coupled to a transmission concentration convertels with four-digit 
display. The coarse gain of the instrument was variable in steps up to 
15,OOOX. and the instrumental sensitivity in terms of quinine sulfate units 
is 1 pg/ml of 0.1 N HpSOl, obtaining full-scale deviation (100 in arbitrary 
units) by a gain of 3000X, an excitation maximum of 355 nm (slit width 
10 nm), and an emission maximum of 460 nm (slit width 10 nm). The 
blank under these circumstances was 0.1 in arbitrary units. 


For recording (uncorrected) spectra, the monochromators were 
equipped with wavelength drives and the transmission concentration 
converter was coupled to a one-axis recorderg with a wavelength mark- 
er. 


Absorption spectra were obtained on a recording spectrophotome- 
ter10. 


Materials-Lawsone1l, lapachol12, and juglone12 were used without 
further purification, and p-naphthazarin13 was purified by recrystalli- 
zation in benzene. Plumbagin was prepared and purified by the method 
of de Buruaga (9) (mp14 75'). Phthiocol also was prepared (10) and pu- 
rified by preparative TLC15 (mp 172'). 


AII reagents were analytical or reagent grade purity. The assay solu- 
tions, prepared in double-distilled water, were 15% sodium dithionite, 
1% potassium cyanide in phosphate buffer (pH 7.5), and 5% stannous 
chloride in 4 M HCI. 


Chloroform16 and dimethyl sulfoxideI6 were fluorescent grade, and 
butyl acetatel6 was analytical grade. 


All glassware was treated with chromic acid (24 hr) and, after rinsing 
with distilled water, oven dried. To avoid adsorption losses, the inner 
surfaces were deactivated by soaking for 10 min in a 1% solution of a sil- 
ionizing agentI7. The glassware was then rinsed thoroughly and oven 
dried (105O, 30 min). 


Quartz cells were treated with fuming nitric acid (11). 
Procedure A-The appropriate quantity of quinone was dissolved 


in 5 ml of butyl acetate in ascrew-capped tube. Then 5 ml of sodium di- 
thionite reagent was added, and the mixture was shaken for 15 min at 200 


I Type Osram X B 0 450 W mounted in a hnusing LX 501, C. Zeiss. 
2 Type V X 501 r, C. Zeiss. 
3 Type B V X 200 K, C. Zeiss. 
4 Type M 4 Q 111, C. Zeiss. 


Type Z F M 4 C, C. Zeiss. 
RCA 1 P 28. 
P M Q 11. C. Zeiss. 
TKR, C. Zeiss. 


9 Servogor S Type RE 541, Goerz-Austria. 
I n  Perkin-Elmer model 124. 


Fluka AG, Switzerland. 
l2 Aldrich Chemical Co. 
l3 Bayer A. G., West Germany. 
I4 Uncorrected on a Tottoli apparatus, Buchi. 
I5On 20 X 20-cm precoated silica gel plates with 2-mm layers (E. Merck, 


Darmstadt, West Germany. The eluent was heptane-butyl acetate (1:9): the R/ 
of hthiocol was 0.55. 


E. Merck, Darmstadt, West Germany. 
17 Siliclad, Clay-Adams. New York. N.Y. 
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Figure I-Wspectra  in butyl acetate. Key: a, reduced lawsone, 7.0 
X M; b, reduced juglone, 6.5 X M; and  c, reduced p- 
naphthazarin, 6.0 X M. 


movementdmin on a horizontal shaker. In a nitrogen atmosphere, about 
3 ml of the butyl acetate phase was transferred to a 1-cm path quartz 
cell. 


Procedure B-The appropriate quantity of quinone was dissolved 
in 1 ml of ethanol in a screw-capped tube. Then 5 ml of stannous chloride 
reagent was added; the mixture was covered with a small funnel and left 
for 1 hr over a boiling water bath (evaporation of the ethanol). After 
cooling, 5 ml of chloroform was added, and the mixture was shaken for 
5 min a t  200 movements/min. Following a brief centrifugation (5 min a t  
3000Xg), about 3 ml of the organic phase was transferred to a 1-cm path 
quartz cell. 


Procedure C-The appropriate quantity of quinone was dissolved 
in 5 ml of dimethyl sulfoxide, 0.5 ml of the potassium cyanide reagent was 
added, and the mixture was left to stand for 10 min. About 3 ml was 
transferred to a 1-cm path quartz cell prior to measurement. 


Assay-For the determination of linearity, two concentration regions 
were chosen. In each region, seven samples and one reagent blank were 
tested. The samples were: Procedure A. 0.5-2 and 1-10 pg of quinone/g 
of butyl acetate; Procedure B, 1-10 and 5-25 pg of quinone; and Proce- 
dure C, 0.4-4 and 2-10 pg of quinonelg of dimethyl sulfoxide. 


To determine the precision of the method, 12 blanks and 12 1-pg qui- 
none standards were analyzed, starting with the weight operation, and 
the standard deviation was calculated. 


The detection and determination limits as defined by Currie (12) were 
determined for each procedure. 


RESULTS AND DISCUSSION 


Natu re  of the Fluorophores-Procedure A-By applying the bi- 
phasic dithionite procedure to alkyl- and phenylnaphthoquinones, it was 
shown that the fluorophores formed were the corresponding hydroqui- 
nones; furthermore, the conversion of the quinone into the hydroquinone 
was nearly complete (7). 


Although formation of hydroquinones should logically be involved for 
hydroxynaphthoquinones, the problem is more complex because of in- 
terferences due to phenol-keto tautomerism. Indeed, in contrast to the 
alkylnaphthohydroquinones where the phenolic form predominates in 
solution and only one form exists in the solid state (13), different tauto- 
meric forms with perihydroxynaphthohydroquinones have been obtained 
in the solid state. In this case, the term “isomerism” instead of tautom- 
erism must be used (14). 


According to Fieser and Gates (lo), dithionite reduction of phthiocol 
yields 3-methyl-l,2,4-trihydroxynaphthalene, and the phenolic tautomer 
predominates in solution. 


Absorptiometric analysis, showing the similarity of the spectra of re- 
duced lawsone and phthiocol, indicates that lawsone also yielded 
1,2,4-trihydroxynaphthalene upon dithionite reduction (Fig. 1). 


The reaction product with juglone was isolated by performing the 
procedure with ethyl acetate instead of butyl acetate and evaporating 
the solvent at room temperature in a nitrogen atmosphere. The melting 
point (170O) and chemical properties (15) of the compound indicate the 
presence of an a-hydrojuglone (1,4,5-trihydroxynaphthalene). The ab- 
sorption spectrum (Fig. 1) of tu-hydrojuglone in butyl acetate is very 


Figure 2-Uncorrected excitation and emission spectra in butyl ace- 
tate. Key: a, reduced lawsone, 1.4 X M; b. reduced juglone, 1.3 X 
lo-‘ M; and c, reduced p-naphthazarin, 1.2 X lo-‘ M. 


characteristic with three maxima: 317, 334, and 349 nm. Dithionite- 
reduced plumbagin yielded a similar spectrum, showing the formation 
of n-hydroplumbagin. 


The reaction product of p-naphthazarin was obtained in a similar 
manner; physical and chemical properties (16) (e.g., violet fluorescence 
in ethanol, m p  140’) suggest the presence of 1,4,5,8-tetrahydroxy- 
naphthalene. As shown by the absorption spectrum (Fig. 11, the phenolic 
tautomer must also predominate in solution. 


In contrast to the biphasic dithionite reduction, other reduction pro- 
cedures (stannous and titanous chloride and zinc powder plus hydro- 
chloric acid) did not always give the phenolic tautomers. With p- 
naphthazarin, cold stannous chloride reduction did not yield a fluoro- 
phore upon extraction in butyl acetate; on the other hand, addition of 
alcoholic hydrochloric acid to n-hydronaphthazarin solution in butyl 
acetate yielded fluorescence quenching. The formation of &hydro- 
naphthazarin (see Procedure B) is also unlikely, so another tautomer is 
probably involved. 


From fluorescence analysis, i t  appears that one can distinguish between 
2-hydroxynaphthoquinones (lawsone, lapachol, and phthiocol) and 5- 
hydroxynaphthoquinones (jugIone and plumbagin), the spectra being 
identical within the same group (Fig. 2). 


Procedure B-According to Thomson (17), warm stannous chloride 
reduction of juglone gives a mixture of a- and P-hydrojuglone in a 35:65 
ratio, the latter being extractable with chloroform. Zahn and Ochwat (18) 
showed that the probable structure of P-hydrojuglone is 5-hydroxy- 
1,4-dioxo-1,2,3,4-tetrahydronaphthalene. 


The fluorescent species obtained with juglone by application of Pro- 
cedure B is thus probably &hydrojuglone and is, as shown by its excita- 
tion and emission spectra, completely different from n-hydrojuglone (Fig. 
3). With plumbagin, a fluorophore also was obtained, which is different 
from n-hydroplumbagin. Since the absorption spectrum of the compound 
in chloroform is similar to the spectrum of b-hydrojuglone (with respect 
to a bathochromic shift of approximately 40 nm), the fluorescent species 
is presumably a 1,4-dioxo-1,2,3,4-tetrahydronaphthalene compound 
(P-hydroplumbagin). 


In contrast, warm stannous chloride reduction of p-naphthazarin did 
not yield fluorophores upon extraction either in chloroform or in butyl 
acetate, which illustrates that  the formation of either a- or &hydro- 
naphthazarin is not probable. 


Procedure C-Thiele and Meisenheimer (19) observed that hydrogen 
cyanide yields a diaddition product with 1,4-benzoquinone: 2,3-dicy- 
ano-1,4-dihydroxybenzene. The fluorescent properties of this compound 
were reported by Guilbault and Kramer (81, who demonstrated that the 
same compound is obtained upon reaction with potassium cyanide in 
dimethyl sulfoxide and that the green fluorescence must be assigned to 
a tautomeric ionic form. 


Reynolds and Van Allen (20) showed that 2,3-dicyano-1,4-naphtha- 
lenediol is obtained with 2,3-dichloro-1,4-naphthoquinone and sodium 
cyanide. 1,4-Naphthoquinone should react much more slowly and pre- 
sumably yield the same compound. 


Performance of the Guilbault-Kramer procedure on 2,3-dichloro- 
1.4-naphthoquinone yielded a yellow fluorescent solution, and no ap- 
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Table I-Quantitative Determinations (Procedure A)  


Parameter 
2-Hydroxy-l,4-naphthoquinones 5-Hydroxy-l,4-naphthoquinones 


Lawsone Phthiocol Lauachol Judone Plumhagin Nanht.hnznrin 


Excitation (slit width") 355 (3.6) 343 (3.6) 345 (6) 350 (9) 350 (6) 360 (6) 
Emission (slit width") 429 (22) 432 (23) 430 (24) 370 (14) 375 (14) 440 (24) 


1 -pg standard * 49.0 0.2' 62.5 f 0.3c 57.0 f 0.3' 52.0 f 0.3' 53.5 f 0.3' 61.6 f 0.3' 


Lower determination limitd 0.045 0.060 0.066 0.071 0.066 0.061 


Gain 9500X 12,ooox 12,000 x 12,ooox 15,OOOX 12,ooox 
Blankb 0.5 f 0.1 L' 1.5 f 0.2' 2.5 f 0.2' 0.5 f 0.2' 0.2 f 0.2' 2.2 f 0.2E 


Detection limitd 0.015 0.020 0.022 0.023 0.022 0.020 


a In nanometers. * In arbitrary units. Standard deviation. In micrograms of quinone per gram [if solvent (butyl acetate) 


preciable fluorescence was noted with 1,4-naphthoquinone after a reac- 
tion time of 10 min. Application of the same procedure on perihydroxy- 
naphthoquinones with both quinonoid positions free Cjuglone and 
naphthazarin) yielded highly fluorescent species, and no fluorescence 
upon reaction with plumbagin was detectable. From fluorescence spectra, 
it appears that only one fluorophore (Fig. 4) was involved with juglone 
and that several fluorophores were formed with p-naphthazarin (Fig. 5). 
In the last case, the presence of more than one fluorescent component 
was suspected because the shape of the emission spectrum changed when 
the wavelength of the exciting light was varied (21). 


Since no monoaddition product could be isolated (8,19,20) with ju- 
glone upon reaction with p-benzoquinone, p-naphthoquinone, and 
2,3-dichloro-l,4-naphthoquinone, formation of a diaddition compound 
again was presumed. 


Choice of Solvent-Procedure A-Biphasic reduction with butyl 
acetate is preferred, although the procedure yields similar results with 
amyl alcohol and ether. The use of an ester such as butyl acetate is indi- 
cated, because the solubility of this solvent for the dithionite reagent is 
extremely low. On standing, dithionite solutions become turbid through 
sulfur precipitation. 


The aprotic character of the solvent is of interest since interferences 
due to electrolytic excited-state dissociation, as found with naphthols 
(22) and naphthalenediols (23), are avoided. Furthermore, ahsorption, 
excitation, and emission spectra in butyl acetate are bathochromically 
shifted compared to the spectra in cyclohexane (24), illustrating hydrogen 
bonding. Bathochromic shifts may be important, because the energy 
output of the light source is higher in the near UV region of the spectrum, 
resulting in a higher instrumental sensitivity. 


Procedure B-Although 8-hydroquinones are fluorescent in solvents 
such as ether, butyl acetate, and amyl alcohol, they are also fluorescent 
in chloroform, in contrast to the a-hydroquinones which produce non- 
fluorescent chloroform solutions because of an external heavy atom effect 
(25). Interferences of other quinones due to simultaneous reduction to 
hydroquinones are avoided, and the selectivity of the method is greatly 
enhanced. The absence of an external heavy atom effect (spin orbit 


coupling) in Q-hydroquinones can be explained by intramolecular hy- 
drogen bonding. 


Procedure C-Guilbault and Kramer (8) observed that the maximum 
rates of reaction and fluorescence were obtained with benzoquinone in 
a solvent with a high dielectric constant such as dimethyl sulfoxide. This 
finding illustrates that the fluorescent species in an ionic molecule and 
solvents favoring the ionic form should be best. The effect of water and 
pH of the added reagent also was reported (8). With benzoquinone, the 
total water content should not exceed 9% (v/v) to avoid a deleterious effect 
on the reaction rate, and the pH should be held at  6.5-7.5 for the reaction 
to proceed smoothly. 


With juglone, similar results were obtained. The maximum fluores- 
cence intensity and reaction rate were obtained in dimethyl sulfoxide with 
a total water content not exceeding 2% (v/v). The potassium cyanide 
reagent should also be made up in a pH 7.5 phosphate buffer. 


Quantitative Results-Procedure A-As indicated in Table I, the 
precision of the method is high, mainly due to the high photochemical 
stability of the fluorophores formed and the stoichiometric progress of 
the reduction. Moreover, working in a nitrogen atmosphere is not required 
for reliable results. 


The luminescence blank is low, and the main factors contributing to 
the blank are the luminescence of the cell, the surroundings, and scattered 
light. Insertion of properly chosen stray light filters a t  the exits of exci- 
tation and emission monochromators is recommended. The dithionite 
reagent itself does not contribute to the blank. 


From excitation and emission maxima or spectra, it appears that  2- 
hydroxy- and 5-hydroxy-1,4-naphthoquinones can be determined sep- 
arately in mixtures. Separate determinations of 5-hydroxy- and 5,s- 
dihydroxy-1,4-naphthoquinones seem rather difficult to perform. The 
(lower) determination limit, defined as the concentration for which the 
relative standard deviation is lo%, is calculated as indicated by Currie 
(12). The obtained values (f0.020 pg/g of solvent) show the high sensi- 
tivity of the method. 


To determine the linearity, the upper determination limit was defined 
as the concentration for which a 10% deviation of the regression line is 
obtained, calculated from the first seven points. A value of 4 pg/g of sol- 
vent was obtained, showing the deviation from linearity due to concen- 
tration quenching. 


550 500 400 350 


Figure 3-Uncorrected excitation and emission spectra in chloroform. 
Key: Q, p-hydrojuglone, 3.3 X 10F M;and b, Q-hydroplumbagin, 3.7 X 


h, nm 


10-5 M. 


600 500 400 350 
A. nm 


Figure 4-Uneorrected excitation and emission spectra of the ftuoro- 
phores of 1.2 X M juglone (Procedure C). 
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Table Ill-Quantitative Determinations (Procedure C)  Table 11-Quantitative Determinations (Procedure B) 
Parameter Jualone Plumbagin 


Excitation (slit width”) 363 (13) 397 (18) 
Emission (slit widtha) 510 (38) 474 (30) 
Gain 1500X 750X 
Blank* 2.9 f 0.1‘ 2.0 f 0 . l C  
1-pg standardb 31.3 f 0.lc 27.5 f 0.1‘ 
Detection limitd 0.016 0.018 
Lower determination limitd 0.050 0.054 


quinone per gram of solvent (chloroform). 
a In nanometers. In arbitrary units. Standard deviation. In micrograms of 


Correlation coefficients were calculated from the first seven points (the 
first concentration region) and were not less than 0.998. 


Procedure B-Quantitative results are summarized in Table 11. The 
fluorophores formed do not suffer from either photodecomposition or 
reoxidation by air. Furthermore, as indicated by the precision of the 
method, the isomerization ratio of (r- to P-hydrojuglones is independent 
of the concentration involved. 


The luminescence blank is sufficiently low. In contrast to Procedure 
A, the reagents contribute bo the blank, as shown by insertion of a spec- 
trograde labeled chloroform blank. 


From excitation and emission maxima, it appears that  juglone and 
plumbagin can he determined separately in mixtures. The lower and 
upper determination limits in both cases were 0.020 and 4 pg/g of chlo- 
roform, respectively, which indicates a sufficiently large linearity. 


Correlation coefficients calculated for the first seven points (first 
concentration region) were not less than 0.999. 


The method is highly specific for 5-hydroxy-1,4-naphthoquinones; 
other quinones do not interfere when chloroform is the solvent. 


Procedure C-Although more fluorophores are involved with p- 
naphthazarin, reliable quantitative results were obtained of a sufficiently 
high precision at  a 375-nm emission maximum (Table 111). The detection 
and lower determination limits of p-naphthazarin were three times higher 
than the juglone limits, and t,he upper determination limits were 5 and 
7 pg/g  of dimethyl sulfoxide with juglone and naphthazarin, respective- 
ly. 


Fluorescent grade labeled dimethyl sulfoxide is recommended as the 
solvent since annlytical grade solvents yield high blanks, probably due 
to impurities. 


A. nm 


Figure 5-Uncorrected excitation and emission spectra of the fluoro- 
phores of 1.2 X M p-naphthazarin. Key:  a ,  emission spectrum 
(excitation = ,330 nm); h, emission spectrum (excitation = 335 nm);and 
c,  emission spectrum (excitation = 310 nm). 


Parameter 


Excitation (slit width”) 
Emission (slit width”) 
Gain 
Blankb 
1-pg standard 
Detection limitd 
Lower determination limitd 


Juglone 


444 (24) 
525 (45) 
1500X 
0.5 f 0.lC 
21.0 f 0.1‘ 
0.023 
0.070 


Naphthazarin 


337 (12) 
375 (14) 
9ooox 
1.4 f 0.lc 
12 f 0.2c 
0.070 
0.210 


~ ~~ 


0 In nanometers. b In arbitrary units Standard deviation In micrograms of 
quinone per gram of solvent (dimethyl sulfoxide) 


p-Benzoquinone and 2,3-dichloro-1,4-naphthoquinone also yield a 
positive reaction. 
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Abstract  0 The nonnutritive sweeteners cyclooctylsulfamate and 4- 
methylcyclohexylsulfamate were fed separately to female Wistar albino 
rats, and the urine was examined for the possible metabolites cy- 
clooctylamine, cyclooctanone, cyclooctanol, 4-methylcycl6hexylamine, 
4-methylcyclohexanone, and cis- and trans-4-methylcyclohexanols. The 
average percent conversions to cyclooctylamine, cyclooctanone, and cy- 
clooctanol were 0.127.0.08, and 0.092, respectively. The average percent 
conversions to 4-methylcyclohexylamine and 4-methylcyclohexanone 
were 0.007 and 0.0013, respectively. No cis- or trans-l-methylcyclo- 
hexanol metabolites were found. With cyclooctylsulfamate, 42% was 
recovered unchanged from the urine. Cyclooctyl- and cycloheptylsulfa- 
mates were metabolized to a greater extent than cyclopentylsulfamate, 
which, in turn, was metabolized to a greater extent than cyclohexylsul- 
famate (cyclamate) and 4-methylcyclohexylsuIfamate. 


Keyphrases Cyclooctylsulfamate-metabolism in rats 4-Methyl- 
cyclohexylsulfamate-metabolism in rats Metabolism-cyclooctyl- 
sulfamate and 4-methylcyclohexylsulfamate in rats o Sweeteners, 
nonnutritive-cyclooctylsulfamate and 4-methylcyclohexyls11lfamate, 
metabolism in rats 


Previously, sodium cyclopentylsulfamate (I), cyclo- 
heptylsulfamate (2), and cyclopentylmethylsulfamate (3) 
were administered to rabbits and/or rats. Cyclopentyl- 
sulfamate also was administered over a prolonged period 
to rats (3). The purpose of these studies was to probe the 
effect of structural modification of the cyclamate, i.e., 
cyclohexyl, nucleus on the stability of these compounds 
in the body. Metabolism to the amine and other metabo- 
lites was determined by GLC, and the percent of recovered 
sulfamate in the urine was determined by hydrolyzing to 
the corresponding amine, coupling with p-benzoquinone, 
and measuring the absorbance of the colored product. 


The remaining sweet, unsubstituted, reduced ring sul- 
famate not studied previously is cyclooctylsulfamate. Since 
this compound, first prepared in 1954 (4), is of the same 
order of sweetness as cyclamate', it was included in the in 
uiuo feeding experiments. 4-Methylcyclohexylsulfamate 
also is of comparable sweetness to cyclamate2; since no 
substituted cyclamates have been screened metabolically, 
it too was included. This paper describes the feeding of 
these two sulfamates to rats and the subsequent screening 
of urine for metabolites. 


EXPERIMENTAL 


Reagents and Chemicals-The sodium salts of cyclooctylsulfamate 
and 4-methylcyclohexylsulfamate were synthesized by reaction of the 
appropriate amines in dry chloroform with chlorosulfonic acid according 
to the method of Audrieth and Sveda (7). Each compound was recrys- 
tallized twice from 95% ethanol. 


Anal.-Calc. for CRHl,jNNaO&H& C, 38.86, H, 7.28; N, 5.66. Found 
C, 38.72; H, 7.86; N, 5.43. Calc. for C7HI4NNaO3S: C, 39.06; H, 6.5; N, 6.5. 
Found: C, 39.02; H, 6.46; N, 6.74. 


I The order of relative sweetness is cyclamate > cycloheptyl > cyclooctyl > cy- 


2Unpuhlished results. 
rlo entyl (5 ,6) .  


Table I-Percent Recovery of Cyclooctylamine, Cyclooctanone, 
and Cyclooctanol f rom Urine 


Amine Ketone Alcohol 
r g  % r g  % r g  % 


90.2 80.20 199.9 78.05 97.4 80.84 
150.4 85.40 299.8 78.03 162.3 85.82 __. ~ _ _  
210.6 88.20 399.8 72.70 227.2 95.94 
300.9 97.68 499.8 87.63 324.6 87.6 
601.9 98.67 599.7 98.03 . 649.3 97.92 
902.8 79.74 - - 974.0 92.64 
Mean 88.28 f 6.59 82.88 f 7.94 90.12 f 5.37 
f S E  


Cycl~octylamine~ and dichl~romethane~ were redistilled. Cycloocta- 
none5, cyclo~ctanol~, 4-methylcy~lohexylamine~, 4-methylcyclohexa- 
none6, cis- and trans-4-methylcycl~hexanols~, n-ddecane7, sulfosalicylic 
acids, chloroform, ethanol, and dioxane (reagent grade) were used as 
obtained. p - B e n z o q ~ i n o n e ~ , ~  was sublimed before use. 


Feeding Experiments-Female Wistar albino rats, -300 g, were kept 
on solid food and water in special rat metabolism cagesg. Prior to sulfa- 
mate feeding, the urine of each rat was collected and monitored for me- 
tabolites by GLC. The fiamples of sodium cyclooctylsulfamate and sodium 
4-methylcyclohexylsulfamate to be used for feeding were tested for oc- 
cluded amines by dissolving 20 mg in water, extracting with dichloro- 
methane, concentrating the extracts to dryness, and resuspending the 
residues in dichloromethane containing the internal standard, n-dode- 
cane. No occluded amine was observed when these samples were chro- 
matographed. 


Sodium cyclooctylsulfamate (1450 mg/kg) was administered orally in 
25-30 ml of water in calibrated drinking bottles. One rat refused to take 
the solution until it was diluted twice. Sodium 4-methylcyclohexylsuI- 
famate (960 mg/kg) was administered orally in 20 ml of water. 


.- 


MINUTES 
Figure 1-Gas chromatogram of possible metabolites of 4-methylcy- 
clohexylsulfamate: 4-methylcyclnhexylamine (4.2 min), 4-methylcy- 
clohexanone (6.6 rnin), and cis- (8.6 min) and trans- (9.5 min) 4-meth- 
ylcyclohexanols. The internal standard was n-dodecane (5.2 min). 


Aldrich Chemical Co. 


Ralph Emanuel. 
4 May & Raker. 


6 Fluka. 
7 British Drug Houses. 
8 May & Baker, AnalaH grade. 
9 NKP, Kent, England. 
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Table  11-Percent Recovery of 4-Methylcyclohexylamine, 4-Methylcyclohexanone, and  cis- a n d  trans-4-Methylcyclohexanols 
Amine Ketone cis- Alcohol tram- Alcohol 


LlE Sg ue % ue % ue % 


0.15 106.7 0.07 105.714 0.03 
0.15 108.0 0.5 96.00 0.04 
0.2 84.0 0.5 91.50 0.20 
0.25 92.0 1.097 101.730 0.917 
0.44 97.7 1.83 83.680 0.917 
0.44 100.0 6.396 92.250 2.75 
6.09 11 1.475 10.97 107.468 6.42 
9.57 97.806 10.97 113.843 8.25 


13.92 100.862 - - 11.00 
17.4 100.144 - - 11.00 
30.45 100.493 - - 16.51 


Mean f SE 99.925 f 5.1 99.02 f 8.16 


93.33 
100.00 
96.000 
94.220 


100.109 
102.109 
112.149 
99.49 
99.91 
99.873 


101.756 
99.9 f 3.0 


0.100 
0.250 
0.912 


2.740 
6.380 


10.942 
10.942 
8.210 
8.210 


16.410 


- 


102.000 
91.200 
98.710 


94.525 
112.850 
98.702 
96.219 
94.714 


100.868 
98.964 


98.875 5 3.8 


Table 111-Metabolism of Sodium Cyclooctylsulfamate in Rats 
Parent Drug" Cyclooctanolb Cyclooctanone Cyclooctylamine Total 


Animal mg % mg % mg % mg % Metabolites 


1 256.1 51.2 0. 100 0.035 0.082 0.029 0.115 0.041 0. LO5 
2 333.0 66.6 None __ None - None 
3 136.8 27.2 0.487 0.174 0.410 0.147 0.623 0.224 0.545 
4 128.3 25.6 0.721 0.250 0.598 0.215 1.026 0.37 0.835 
5 35.2 17.6 None - None - None - - 


Meanf 213.6f81.17 42.6f16.2 0.261f0.169 0.092f0.075 0.22f0.141 0.08f0.051 0.353f0.116 0.127f0.085 0.297f0.196 


- - 


s F: 
Determined using visible spectrophotometry. Determined by GLC. 


Table  IV-Metabolites of Sodium 4- 
Methyleyclohexylsulfamate in Rats 


Animal 


1 "  
2 
3 c  
4 
5 c  
6 


Mean 
f SE 


4-Methyl~yclohexylamine~ 
mg 96 


0.005 0.003 
0.009 0.006 
0.003 0.004 
0.008 0.005 
0.029 0.019 


0.009 0.006 


0.0106 f 0.007 0.0073 f 0.0045 


4-Methylcyclohexa- 
noneb 


mg 96 


None - 
None ~ 


None - 
None ~ 


0.0012 0.008 
None - 
0.0002 0.0013 


Rat 4 received on1 approximately half the amount of sulfamate, i.e , 500 mg/kg. 
Determined by GLdl  Urine ' was collected for 5 days after feeding, because these 


rats had excreted small volumes of urine after 3 days. 


Table  V-Metabolism of Sulfamates in Rats  


Percent Metabolites 
Cyclic Sulfamate Amine Ketone Alcohol Reference 


Pentyl 0.057 0.016 ,0.008 1 
Pentylmethyl 0.007 - 0.07 3 
Hexyl 0.03 0.002 0.003 11 
Hexyl 0.0063 0.0004 0.0004 12 
4-Methylhexyl 0.007 0.0013 - This work 
Heptyl 0.05 1 0,009 0.003 2 
Octvl 0.127 0.08 0.092 This work 


Urine was collected for 3 days (for 5 days in some cases) after feeding 
and was refrigerated as described previously (1). The stability of sodium 
cyclooctylsulfamate in urine was checked as described previously (1). 
GLC and Visible Spectrophotometric Analysis-Cyclooctylamine, 


cyclooctanone, and cyclooctanol were determined in urine by a reported 
GLC method (8). The percent sodium cyclooctylsulfamate in urine was 
determined by coupling, with p-benzoquinone, the amine produced on 
hydrolysis (9). Table I gives the percent recovery from urine of three 
metabolites of cyclooctylsulfamate. 


Four metabolites of 4-methylcyclohexylsulfamate could be determined 
by GLC from a single injection. The details of the column and the general 
method were described previously (8.10). The column temperature was 
120°, and the gas flow rates were: nitrogen (carrier), 60 ml/min; hydrogen, 
80 mumin; and overall, 500 ml/min. Under these conditions, the retention 
times of 4-methylcyclohexylamine, n -dodecane, 4-methylcyclohexanone, 
and cis- and trans-4-methylcyclohexanols were 4.2, 5.2,6.6,8.6, and 9.5, 


min, respectively (Fig. 1). Table 11 gives the percent recoveries from urine 
of these metabolites. 


RESULTS AND DISCUSSION 


To test the efficiency of the extraction from urine, the percent recovery 
of varying amounts of the amine, the ketone, and the alcohol waa deter- 
mined by GLC (Tables I and 11). The results from the analysis of rat urine 
for unchanged cyclooctylsulfamate and various metabolites are given in 
Table 111. The average percentage of unchanged cyclooctylsulfamate in 
rat urine was 42%. Three of the five rats excreted metabolites of cy- 
clooctylsulfamate, and the averaGe percent conversions were 0.127.0.08, 
and 0.092 for the amine, the ketone, and the alcohol, respectively (Table 
111). 


Only two metabolites were detected in the urine of rats fed 4-methyl- 
cyclohexylsulfamate (Table IV).  The percent conversions to the amine 
and the ketone were 0.0073 and 0.0013, respectively. Only one of the six 
rats gave the ketone, and none excreted the alcohol. From a single in- 
jection, it was possible to determine the amine, the ketone, and the cis- 
and trans-alcohol compounds of 4-methylcyclohexylsulfamate (Fig. 
1). 


Table V lists the average percent conversions to metabolites for the 
various sulfamates. The most obvious point to emerge from a comparison 
of the data in Table V is that the conversion of cyclooctylsulfamate to  
metabolites was somewhat greater than the conversion of cycloheptyl- 
sulfamate or cyclopentylsulfamate to metabolites. The conversion of the 
latter compound into its metabolites was, in turn, greater than the con- 
versions of cyclamate to cyclohexylamine, cyclohexanone, and cyclo- 
hexanol. Furthermore, 4-methylcyclohexylsulfamate appeared to  be 
metabolized to about the same extent as cyclamate. Thus, cyclamate and 
its ring-substituted derivatives apparently are more stable to metabolic 
cleavage than any of their neighboring reduced ring sulfamates. 
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Abstract 0 GLC methods were developed for the investigation of im- 
purities in bakrine and saddamine. The method used for bakrine was 
unsuitable for saddamine since two possible saddamine impurities, 
benzylamine and salicylaldehyde, reacted very readily in solution to form 
saddamine, thus giving a false low value for the original concentration 
of these impurities. The method devised for saddamine involved silyla- 
tion, which greatly reduced the possibility of saddamine formation from 
its precursors and also enabled the detection of another possible impurity, 
salicylic acid. The method described has an obvious application to the 
determination of other Schiff bases. 


Keyphrases Bakrine and impurities-GLC analysis in prepared 
samples Saddamine and impurities-GLC analysis in prepared sam- 
ples a Anti-inflammatory agents, potential-bakrine and saddamine, 
GLC analysis in prepared samples 


Bakrine, N-[ 1-(0- hydroxyphenyl)ethylidine]benzyl- 
amine (I), and saddamine, N- [o- hydroxyphenylmethyli- 
dinelbenzylamine (II), are novel Schiff bases (1) with 
promising anti-inflammatory properties (2). These com- 
pounds are currently undergoing clinical trials in Iraq. 


During the development of a method for the determi- 
nation of the purity of bakrine and saddamine samples, 
spectrophotometric and TLC procedures were shown to 
lack specificity; GLC was the method of choice because of 
its speed, sensitivity, and specificity. However, although 
a solution of bakrine containing expected impurities could 
be analyzed satisfactorily by direct injection onto the GLC 
column, a similar procedure for saddamine gave in- 
consistent results. Therefore, the possibility that sadda- 
mine could be reformed from any salicylaldehyde and 
benzylamine present as impurities in the final product was 
investigated. 


EXPERIMENTAL 
Reagents and Materials-Bakrine', saddamine', and bis(trimeth- 


3 


._A 
R 
I: R = CH, 


11: R = H 


I Maybridge Chemical Co.. Cornwall, England. 


Figure 1-Gus chromatogram of benzylamine (peak I )  and 2-hy- 
droxyacetophenone (peak 2) in 1,2-dichloroethane. Very little bakrine 
(peak 3) was formed. 
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OPEN FORUM 


Capsule Dissolution 


I take exception to Dr. Moore’s implicit criticism and conclusions in 
his letter “Nondisintegration of a Capsule’s Contents” in the 
February 1979 Open Forum’. 


First, it does not strike me as unexpected to find in uitro 
differences, using discriminating methods, in dosage forms as 
fundamentally different as tablets, capsules, and timed-release 
tablets. It seems grossly unjustified to impute “top manufacturers” on 
such a finding because it fails to take into account special patient 
needs, the clinical effects resulting from such differences, and the 
label claims of the manufacturer. 


Second, I do not believe that the slower dissolution observed with 
the capsule was failure to disintegrate but more likely a failure of the 
capsule contents to wet readily. Incidentally, wetting problems are 
easily identified by sprinkling the contents onto water and noting 
whether they float. Under any conditions, I would not presume that 
a disintegration failure could be extrapolated to a general industry 
need and opportunity to make a fortune based only on dissolution test 
values. 


Finally, for a more detailed discussion on capsule wetting problems 
and how to overcome them, readers are invited to read my paper2 
“Dissolution of Lithium and Magnesium from Lithium Carbonate 
Capsules Containing Magnesium Stearate.” 


Henry C.  Caldwell 
Research and Development 
Smith Kline & French Laboratories 
Philadelphia, PA 19101 


Received March 15,1979. 


W. E. Moore, J. Pharm. Sci., 68 (Z), IV (1979). * H. C. Caldwell, ibid., 63,770 (1974). 


An tibiotic Certification 


I would like to comment on the editorial, “Antibiotic 
Certification-Obsolete and Archaic,” in the February issue’ of J 


Pharrn. Sci. I read it the day after retiring from FDA after 31 years 
plus of service in the subject field. 


I agree with Dr. Feldmann and Dr. George Schneller that, when 
antibiotics were first marketed, they were extremely crude and that 
conventional methods were not applicable to assure their potency. I 
also agree that advances in manufacture have allowed the making of 
these pharmaceuticals with a degree of purity comparable to other 
chemicals. 


I also agree that antibiotics should not be treated differently from 
other potent medicinal agents on the market. 


I do, however, feel that to assure compliance through regular 
enforcement activities is not sufficient nor optimal. 


Test results from postdistribution testing in the National Center 
of Drug Analysis have shown that some drug categories have 10-2596 
defective lots. None of these products was tested for sterility or 
absence of pyrogenicity, which could make the rate even higher. 


has been beneficial in overall drug evaluations. Let me cite a few of 
many examples: 


1. Expiration dates, required for antibiotics since the program 
began, were deemed necessary for all drug products in the most recent 
GMP regulations. 


(ophthalmic), and limits for their presence are now prescribed for all 
drug products. 


essential for the certification program, and Drug Registration lagged 
far behind in other areas. 


contribute to public safety and health, let me put the claim of 
increased cost of medicines in a proper perspective. 


The certification service, which covers more positions than those 
used for the testing only (new antibiotic drug evaluation, inspection, 
e t c . ) ,  has a budget near $6 million. This amount is about 0.3% in an 
industry where the total sales are estimated to be about $2 billion. 


Peter J. Weiss 
(Former Director, National 


1309 Caddington Avenue 
Silver Spring, MD 20901 


I also know that the experience gained in the certification program 


2. Metal particles were first observed in antibiotic ointments 


3. Full knowledge of manufacturers and their products was 


Finally, having shown that such thorough hands-on experience does 


Center for Antibiotic Analysis, FDA) 


Received March 6, 1979. 


E. G. Feldmann, J .  Pharm. Sci., 68 (Z), I(1979). 
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The active ingredient loss was only significant after three passes through 
the hammer mill. 


Comparison of Fig. 1 with Fig. 4 shows that if the materials could be 
purchased in a fine form, it would probably he more economical to mix 
the preground fine material instead of grinding and mixing the coarser 
powders. The ordered mixture formation rate is slow when fine-fine 
components are mixed in a revolvo-cube mixer. With hammer mill mix- 
ture grinding, new surfaces are created by fracture of the coarse crystals. 
This procedure provides more area for drug particle adhesion. Further- 
more, aggregates are broken down more rapidly in the hammer mill to 
facilitate mixing. Nevertheless, the cost of longer mixing time in the re- 
volvo-cube mixer for fine-fine mixtures will be compensated by less 
handling of the mix than when the hammer mill is used. 


Figure 4 also shows the mixing of a fine-coarse system in a revolvo-cube 
mixer where the desired degree of homogeneity is achieved after 10 min 
and the ordered mixture is stable and not prone to segregation (8). Even 
though homogeneity increases for fine particles, other problems such as 
fine powder flow (10) and storage effects ( 1 1 )  cannot be overlooked. 


The sample size effect on the standard deviation for Preblend 3 is 
shown in Fig. 5. For a randomized mixture, the slope of the line will be 
-0.5. For an ordered mixture, it will approach zero. The 95% confidence 
limits for the slope were -0.554--0.166. The mixture could not be clas- 
sified as either completely randomized or completely ordered. In fact, 
it may have been a mixture of both systems, a description that may satisfy 
most powder mixtures used in pharmaceutical practice. A system with 
a large particle-size range is unlikely to he fully randomized due to size 
segregation. In practice, some degree of adhesional-type ordered mixture 
(12) may be formed. Due to the size differences of carrier particles, they 
will undergo ordered unit segregation (13, 14). Further mixing of this 
system will produce the randomized ordered unit powder mixture. 
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Abstract 0 Pilocarpine release from water-in-oil emulsion ointments 
was studied in uitro and in uiuo, using albino rabbits. Pilocarpine release 
from the vehicle to the ocular fluids was dependent on shear, i.p., blinking, 
and the dosing system emulsifying efficiency. A mechanical shearing 
component was vital for correlating corneal drug penetration and the in 
uilro pilocarpine release pattern. Simple diffusion studies with the ve- 
hicles did not predict drug in uiuo release, but the ointment systems were 
all superior to an aqueous pilocarpine solution. Incorporation of a me- 
chanical shearing component to mimic blinking gave good correlation 
of in uitro and in uiuo results. Also, increasing the vehicle emulsifying 
efficiency by surfactant addition decreased shear-facilitated drug release 
and in uiuo performance. Finally, increasing the internal aqueous phase 
volume fraction decreased in uiuo performance and was linked to the 
influence of effective drug concentration in the vehicle. 


Keyphrases 0 Dosage forms, ocular-pilocarpine, shear-facilitated 
release, ointments Pilocarpine-release, shear facilitated, ocular 
ointments o Shear-facilitation of pilocarpine release from ocular 
ointments 0 Ointments-pilocarpine, shear-facilitated release, ocular 


Important considerations in vehicle design are the an- 
atomical and physiological aspects of the drug delivery site. 
To improve drug bioavailability, ocular drug delivery 
system designs are based on comfort, contact time, and 
dose volume, each of which recognizes an important ana- 
tomical/physiological constraint. An additional ocular 
limitation is blinking, which can both increase and de- 
crease drug bioavailability. On the positive side, blinking 


spreads instilled solution or ointment across the cornea, 
thus promoting corneal contact and drug absorption. On 
the negative side, it forces drug away from the precorneal 
area and into the drainage apparatus. 


An important blinking feature is the shear that occurs 
when a vehicle is placed in the eye and blinking occurs. The 
proximity of the eyelids to the eyeball exposes an instilled 
vehicle to a considerable shearing stress during blinking. 
Non-Newtonian fluid vehicles should undergo rheological 
changes during blinking, and ointments should have an 
altered drug release profile. This report describes an 
ointment drug release that is dependent on blinking and 
on the shear created by blinking. 


Drug solubility, prolonged contact time, and modest 
sustained release are some positive features of ointments. 
Unfortunately, ointments sometimes create blurred vision 
and are apparently less accepted by the patient than 
simple aqueous solutions. Nevertheless, one generally has 
greater control over drug release from an ointment than 
from a corresponding aqueous based product in terms of 
drug solubility, emulsion uersus nonemulsion form, and 
contact time. Generally, drug release from an ointment is 
attributed to partitioning and/or diffusion, depending on 
the drug properties and the specific vehicle selected. A 
third possibility for drug release, specifically from water- 
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in-oil emulsions, is physical exchange of the internal 
emulsion phase with the neighboring tears. This report 
describes the properties of, and bioavailability from, such 
systems. 


EXPERIMENTAL 


Materials-Tritiated pilocarpine alkaloid (4.1 Ci/mmole) was ob- 
tained commercially1 and purified by vacuum distillation immediately 
before each experiment to prevent problems with tritium exchange in 
the solvent. The ophthalmic ointment vehicles were commercially 
available, petrolatum-based 


Male albino rabbits', 1.8-2.4 kg, were fed a regular diet with no re- 
strictions on food and water consumption. 


Pilocarpine Ointment Preparation-The 5% water-in-oil emulsion 
ointments were prepared by mixing a 0.05-ml aliquot of distilled water 
containing 2.08 mg of tritiated pilocarpine with sufficient ointment base 
to make 1 g of product. This procedure provided a M pilocarpine 
ointment containing 5% water with a specific activity of 0.25 mCi/g, or 
approximately 160,000 cpm/mg. 


For procedures in which the percent water in the ointment was in- 
creased, the ointments were prepared by adding more water in the initial 
step. The anhydrous ointment was prepared by geometrically mixing the 
tritiated pilocarpine alkaloid directly with the ointment vehicle. Sur- 
factants were added directly to the ointment vehicles as required. 


Drug distribution homogeneity was verified by the reproducibility of 
measured radioactivity among weighed ointment samples. Ointments 
were always prepared fresh prior to the experiment. 


In Vivo Ointment Dosing Technique-Individual ointment doses 
were weighed on an analytical balance. A standard 25-mg dose was used 
throughout the in uiuo procedures. The weighed dose was carefully 
transferred to a microspatula and placed inside the center of the lower 
lid (cul-de-sac), with care being exercised not to irritate the eye or touch 
the corneal surface. The lower lid was gently moved once across the cornea 
to spread the dose uniformly and then released. No further manual action 
was performed, and normal precorneal ointment disposition was allowed 
to progress. 


Aqueous Humor Drug  Concentration-Time Profiles-The basic 
techniques used for monitoring aqueous humor drug levels after topical 
ocular dosing were described previously (1). Aqueous humor samples, 
100 PI ,  were removed from the anterior chamber at  specified times after 
dosing and analyzed for pilocarpine by liquid scintillation. Prior to sample 
removal, the precorneal area was rinsed thoroughly and the corneal 
surface was wiped gently with tissue to avoid contamination by any re- 
maining ointment dose. 


In Vitro Ointment Drug Release Study-A 200-mg tritiated pilo- 
carpine ointment sample was placed in the center of a 10-cm petri dish, 
covering a circular area 15 mm in diameter. The total pilocarpine was 416 
pg, and the surface area figure was chosen to correspond to the average 
rabbit cornea. At  the start of each release study, 35 ml of distilled water 
was added and the system was stirred using a magnetic stirrer and stirring 
bar positioned away from the ointment mass. One hundred-microliter 
samples were removed from the system a t  specified times and transferred 
to scintillation vials for liquid scintillation counting. 


In studies where the ointment was sheared, the shearing action was 
accomplished manually. The ointment was positioned in the petri dish, 
as previously described; a microspatula, whose flat end was bent per- 
pendicular to the rest of the handle, was used to shear the ointment 
against the bottom of the dish. The microspatula was rotated against the 
ointment, and an attempt was made to keep constant the ointment area 
exposed to the bathing fluid. Shear rates were predetermined and con- 
trolled by the operator. Despite the simplicity and crudeness of the sys- 
tem, very good reproducibility was obtained. 


RESULTS 


Effect of Ointment Vehicle Emulsifying Efficiency on Ocular  
Pilocarpine Penetration-In preliminary work (2), it was noted that 
the Absorption Base A2 emulsifying efficiency was quite low compared 
with other hydrophilic absorption bases. Although this ointment vehicle 
can emulsify water to produce a relatively stable water-in-oil emulsion, 


1 New England Nuclear, Boston. Mass. * Lacri-Lube, Allergan Pharmaceuticals, Irvine, Calif. 
3 Aquaphor, Duke Laboratories, South Norwalk, Conn 
4 Klubertanz, Edgerton, Wis. 


1.0 20 i0 
MINUTES 


Figure 1 -Pilocarpine concentration in aqueous humor after dosing 
with various ointment vehicles and aqueous solution. Key: 0, Absorp- 
tion Base A-5% water; 0 ,  Absorption Base A-2% sorbitan monoole- 
ate-5% water; A, Absorption Base A anhydrous; 8 ,  Absorption RGse 
B-5% water; 0, Absorption Rase B-25% water; and A, 10-2 M aCueous 
solution, p H  6.24. Ointment doses were 25 mg, and the solution dose was 
25 ~ 1 .  At least I0 eyes were used for each data point, and representative 
variation in data is shown /or only one system for clarity. 


10% water is the limit. Since this vehicle was highly effective for intra- 
ocular pilocarpine penetration with a 5% water-in-oil emulsion system, 
this noteworthy in vivo success might be attributable to its low water 
emulsifying ability. 


Figure 1 presents current in uiuo experiments performed to investigate 
this parameter. The superiority of the Absorption Rase A-5% water 
system is readily apparent from the figure, especially when it is compared 
to the profile obtained from a 25-pI dose of lo-* M pilocarpine aqueous 
solution (which contains the same total drug amount as the ointment). 
Peak aqueous humor pilocarpine levels occurred a t  20-min postinstilla- 
tion for both systems, but these levels are about four times higher for the 
ointment. The mechanism of transcorneal pilocarpine permeation and 
vehicle effects were extensively discussed in previous publications (3). 


The next step was to incorporate 2% sorbitan monoleates into the 
Absorption Base A vehicle to improve its emulsifying capability. A 
qualitative assessment of this parameter was made microscopically, and 
the base emulsifying efficiency was vastly improved6 by surfactant ad- 
dition. The in vivo experiments with this vehicle (Fig. 1) showed that 
aqueous humor pilocarpine levels decreased by about 25%. 


A t  this point, the vehicle was changed to Absorption Base B" since its 
excellent emulsifying ability is well known. This base was mixed 50:50 
with liquid petrolatum because the pure base did not melt a t  the rabbit 
body temperature. The mixture still possessed extremely good emulsi- 
fying efficiency, as indicated by microscopic inspection, while a t  the same 
time exhibiting melting and spreading characteristics in the eye similar 
to Absorption Base A. The data presented in Fig. 1 clearly indicated a 
further ocular drug penetration reduction when this vehicle was used. 


The effect of increasing the vehicle percent water content was also 
investigated. Absorption Base B was used for these procedures since 
Absorption Base A would not accept more than about 1096 water without 
serious "bleeding" problems. The 25% water addition decreased aqueous 


~~ 


6 Span 80, Atlas Powder Co., Wilmington, Del. 
6 Homogeneity, size of internal phase, and ease of incorporation of water into 


the base were subjective guides in ranking bases as to their emulsifying effi- 
ciency. 
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Table I-In Vitro Shear-Facilitated Pilocarpine Release from 
Various Ointment Vehicles 


Vehicle 


Absorption Base A-5% water 
Absorption Base A-2% sorbitan 


Absorption Base B-5% water 
Absorption Base 8-25% water 
AbsorDtion Rase A anhvdrous 


monooleate-5% water 


Emulsi- 
fying 


Efficiency 
Ran kingo 


4 (poorest) 
3 


1 (best) 
2 
NAd 


Maximum 
Amountb 
Released 


Diffusion/ 
Partition 


by 


Maximum 
Amount 
Released 


by 
ShearinP 


416 
391 


175 
182 
216 


Emulsifying efficiency ranking was made by microscopic analysis. * All values 
Total amount of pilocarpine in each represent micrograms of piltrarpine released. 


systeni was 416pg. Not applicable. 


humor drug levels relative to the Absorption Base B-5% water system 
(Fig. 1). 


To provide a clearer baseline for assessing relative water-in-oil emulsion 
vehicle effectiveness, an anhydrous pilocarpine ointment was prepared 
using Absorption Rase A. This system was intermediate in its effective- 
ness for intraocular pilocarpine penetration. The pilocarpine alkaloid 
was not soluble in this vehicle, as discussed previously (2). 


In  Vitro Pilocarpine Release from Ointment Vehicles under 
Nonshear and Shear  Conditions-Shearing is an appropriate con- 
sideration for the present study with ophthalmic ointments owing to the 
natural shear forces that arise during blinking. These experiments were 
designed to determine if shear-facilitated drug release is a characteristic 
of such systems. 
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Figure 2-In vitro pilocarpine release from various ointment uehicles 
under shear and nonshear conditions. Key: 0, Absorption Base A d ! ' ;  
water, no shearing; 0 ,  Absorption Rase A-5Oc; water, shearing; ., Ab- 
sorption Base B-5% water, shearing; and A, Absorption Rase A - 2 5  
sorbitan monooleate-59;, water, shearing. The time interval from 0 to 
1.5 min represents no shearing (simple diffusion), the time interval from 
15 to 20 min represents a shear rate of Zlmin, and the intervals from 20 
to 25 min and from 25 to  30 min represent continuous shear conditions. 
Total pilocarpine in each system was 416 pg. 
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Figure 3-Shear- facilitated pilocarpine release from absorption base 
R-S"i water (0) and Absorption Base R-25"; water (A) The time in- 
tervals representing specified shear conditions are the same as those 
indicated in Fig. 2. Total pilocarpine in each system was 416 fig. 


Figure 2 depicts the in vitro pilocarpine release patterns for three 
ointment vehicles. The data in each case represent an average of a t  least 
two determinations. The results of the nonshearing study using the Ab- 
sorption Base A-5% water vehicle show that pilocarpine was not readily 
released by simple diffusion. In fact, the initial drug release, which was 
about 6-8 pg out of 416 pg, remained unchanged for the full 30 min of the 
studies. 


A similar situation was observed with the other ointment vehicles. The 
interval from 0 to 15 min (Fig. 2) in the shearing experiments was actually 
a period of nonshear, or simple diffusion, drug release. The 15-min values 
for all systems are similar; values prior to this time point were omitted 
from the graph for clarity. The nonshear drug release for each system is 
presented in Table I. 


At times beyond 15 min, addition of a mechanical shearing component 
to the in vitro release study dramatically changed the observed pilocar- 
pine release pattern for each vehicle. The shear rate was 2lmin in the 
interval from 15 to 20 min. The interval from 20 to 30 min represented 
continuous shear application during which time the operator attempted 
to liberate the maximum pilocarpine from the systems. The total drug 
released from each vehicle by the shearing procedures is listed in Table 
I. 


Shearing caused immediate increased pilocarpine release from all ve- 
hicles (Fig. 2). The observed shear-facilitated release was consistent with 
microscopic assessment of the vehicle emulsifying ability. In each case, 
the shear-facilitated release rate was dependent on the shear rate, as 
indicated by the changes in slope a t  the 15- and 20-min points. In addi- 
tion, within a given time interval with a specific shear rate, the release 
rate for each vehicle was a function of its emulsifying efficiency. The 
steepest slopes were observed for vehicles with the poorest emulsifying 
efficiency. 


Figure 3 compares the shear-facilitated in vitro release patterns of the 
Absorption Base B5% water and Absorption Base B-25% water vehicles. 
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DISCUSSION 


The results from in uifro and in ttuo ointment studies show that pi- 
locarpine release from the vehicles to the ocular fluids was dependent 
on shear and on the dosing system emulsifying efficiency. In particular, 
the mechanical shearing component was vitally important in correlating 
in uitro release patterns and in uiuo performance. A literature search did 
not indicate that this approach had been used with in uiuo-in uitro cor- 
relations for ophthalmic vehicles. 


If the pilocarpine ointment studies are considered strictly in terms of 
simple partition-diffusion considerations, a number of apparent incon- 
sistencies arise: 


1. The simple in oitro diffusion study (without shearing) using the 
water-in-oil emulsion ointment vehicles did not indicate that drug release 
would occur in uiao; studies with albino rabbits, however, showed that 
these were excellent in uivo dosing systems and were as much as four 
times better than an aqueous solution containing the same pilocarpine 
amount. 


2. Additional surfactant incorporation into the absorption vehicle 
improved the water-in-oil emulsion and increased the internal phase 
surface area. However, this result decreased the in uioo system perfor- 
mance. 


3. Increasing the internal phase volume fraction, which decreased the 
oily diffusion barrier (external phase) thickness, also decreased in  uiuo 
performance. 


A concise review of the parameters governing in uit ro release of 


water-soluble drugs from water-in-oil emulsions using a simplified model 
was presented (4). In developing a qualitative interpretation, the fol- 
lowing assumptions are commonly made: ( a )  the emulsion must be stable 
during the study time, ( b )  drug release occurs by simple diffusion or  
partition rather than by degradation or breaking of the emulsion, ( c )  the 
receptor medium acts as a perfect sink for the drug as it is released from 
the vehicle, and ( d )  the drug is dissolved in the aqueous phase. 


Water-in-oil emulsion ointment vehicle stability was verified by 
checking the final product homogeneity during several storage days. 
Individually weighed ointment samples were analyzed for radioactivity 
distribution, and visual assessments of emulsion integrity were made 
using a microscope. No indications of instahility were evident at  any time 
for any of the vehicles studied. 


The receptor medium for the in uitro release studies was also assumed 
to approximate a perfect drug sink. The relative amount of ointment and 
the medium volumes prevented pilocarpine concentration buildup during 
an individual experiment. 


Pilocarpine solubility in the internal (aqueous) phase of the water-in-oil 
vehicles was verified previously (2). Pilocarpine resided almost totally 
within the aqueous component, and dissolution in the oleaginous portion 
of the base was highly unfavorable. 


Drug release from ointment vehicles such as those under consideration 
is dependent upon several processes: ( a )  partitioning, ( b )  diffusion, and 
( c )  “facilitated release,” which refers to mechanical rupture of dispersed 
droplets in a water-in-oil emulsion system. 


The mechanical shearing action affects each of these processes. The 
shearing force continually exposes new surface areas to the partitioning 
process between the vehicle and the receptor phase. Thus, the parti- 
tioning interface is altered by each successive shear input. The diffusion 
process may also be altered by a shearing component, since the diffusion 
layer thickness is changing. Finally, the mechanical shearing force greatly 
influences systems in which drug release is facilitated by coalescence and 
rupture of the dispersed droplets in a water-in-oil emulsion. 


These considerations may he included in a discussion of the apparent 
inconsistencies regarding the in oitro and in uiuo performance of the 
vehicles used in the present study. The first inconsistency can be elimi- 
nated by simply adding a mechanical shearing component to the in oitro 
drug release study. Good correlations between in uitro drug release and 
in Lioo corneal drug penetration are thus achieved, whereas lack of such 
a component makes these correlations impossible. Such a shear compo- 
nent is intimately linked to the major drug release mechanism for the 
systems studied. 


A qualitative measure of this shear release mechanism can be inferred 
from the slopes of the in uitro release rate profiles. The slopes are all very 
steep under shear conditions, suggesting that partitioning and diffusion 
are probably less important than shear-facilitated release. [Jndoubtedly, 
all three mechanisms operate simultaneously, but the shear-dependent 
mechanism is the more important and releases drug a t  a faster rate. 


The second problem involves the addition of greater amounts of sur- 
factant and the resulting increased internal phase surface area. While 
an increase in the internal surface area would be expected to increase drug 
release, this parameter is also a direct consequence of the emulsifying 
efficiency of the system and the “goodness” of the emulsion. The in tico 
data correlate with this parameter in a unique manner. The best in o i t ~ ~  
system (Absorption Base A-5% water) possessed the lowest emulsifying 
efficiency. Thus, surfactant addition decreased the in uivo performance. 
This observation must reflect the dependence of these systems on the 
shear component. Shear-facilitated drug release by emulsion rupture 
seems reasonable. 


Finally, the decreased in uioo performance resulting from increasing 
the internal phase volume fraction may he explained on the basis of the 
effective pilocarpine concentration in the vehicle. A preliminary dis- 
cussion of this parameter was reported (2). Since the pilocarpine is only 
soluble in the aqueous component of the water-in-oil emulsion vehicles. 
the drug will be present almost exclusively in the internal phase. However, 
since this phase comprises only a fraction of the total volume, the effective 
pilocarpine concentration in the ointments will be higher than an aqueous 
solution of the same volume. In other words, a 25-mg dose of 1O-‘M pi- 
locarpine in an Absorption Base A-5% water vehicle will possess an ef- 
fective aqueous pilocarpine concentration 20 times higher than a 25-gl 
dose of lo-* M aqueous pilocarpine solution. Similarly, the concentra- 
tions in the Absorption Base B-5% water and Absorption Base B-25% 
water vehicles differ by a factor of five due to different internal phase 
volumes. 


The data in Fig. 3 show similar in uitro release patterns from these two 
vehicles, although the in oiuo data presented in Fig. 1 show that the 5% 
water vehicle is superior. This finding has important implications re- 
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garding effective concentration influences. The in uit ro system for 
measuring drug release could not distinguish between these two systems 
due to the large receptor medium volume. The effective concentration 
parameter was swamped by the excess receptor fluid. However, this result 
did not occur in oioo due to the limited volume (about 7 pl) of precorneal 
fluid present. This finding also points out problems that can arise when 
such in oitro tests are used to predict in uioo performance for systems 
containing high effective drug concentrations. 


The in vivo data for these two vehicles (Fig. 1) may not reflect the 
fivefold difference in effective concentration since the aqueous humor 
levels produced by the Absorption Base B-25% water vehicle were de- 
creased hy less than one-half those values achieved by the Absorption 
Base R-5% water vehicle. However, these results were quite reasonable 
if the dilution factor arising from the normal resident tear pool volume 
(7.5 P I )  was considered. The water volume in a 25-mg dose of the Ab- 
sorption Base B-25% water vehicle was 6.25 pl, with one-fifth this amount 
(1.25 PI )  being present in an equivalent dose of the Absorption Base B-5% 
water vehicle. If each volume were to be mixed with the tear pool, the 
calculated decrease in precorneal drug concentration would he no more 
than 40%. Of course. such mixing would not be instantaneous in either 
case, but these considerations do explain the observed results. 


The data in Fig. 4 show that the Absorption Base A-5% water vehicle 
was able to release more pilocarpine in oivo cia shearing than was the 
Absorption Base A anhydrous vehicle. Inspection of the in oioo data 
presented in Fig. 1 also shows the emulsion system to be superior. The 
reason for this result may be that as the percent water in the vehicle is 
reduced to zero, the rate-controlling process is switched from mechanical 


rupture of the emulsion to dissolution or diffusion control. Further work 
to determine this mechanism is indicated. 


A shearing component is a necessary feature for in uitro-in uioo data 
correlations with ophthalmic ointments. Since some form of shearing 
action, such as inunction, is common to nearly every semisolid topical 
dosing system and to many parenteral products, this parameter should 
have almost universal importance. 


These studies show that significant drug bioavailability increases can 
be achieved by careful design of a system that incorporates shear-facili- 
tated drug release. More importantly, the results also demonstrate that 
such systems can he used to reduce the total drug amount required for 
topical ophthalmic dosing. This implies a reduced systemic drug load and 
decreased side effects, particularly important points for pediatric 
dosing. 
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Abstract 0 The apparent aqueous solubility of the water-insoluble cy- 
totoxic agent, chartreusin, was increased a t  neutral pH in the presence 
of hydroxybenzoates. Water molecules play an important role in the 
chartreusin conformation. Studies included solubility and spectral ex- 
aminations. The weakest and strongest interactants with chartreusin were 
sodium benzoate and sodium trihydroxybenzoate, respectively, while 
the effect of mono- and dihydroxybenzoates was intermediate. A 
plane-to-plane orientation of chartreusin and the ligand molecules 
brought together hy electrostatic and hydrophobic interactions is pos- 
tulated. The dramatic chartreusin aqueous solubility increase relative 
to its aglycone, chartarin, under similar conditions was best rationalized 
by micellization. 


Keyphrases 0 Chartreusin-aqueous solubility enhanced by hydrox- 
yhenzoates, conformation o Hydroxybenzoates-electrostatic and hy- 
drophobic interactions, stahility constants 0 Cytotoxic agents-chart- 
reusin, aqueous solubility enhanced by hydroxybenzoates o Antineo- 
plastic agents, potential-chartreusin, aqueous solubility enhanced by 
hydroxybenzoates 


Chartreusin’ (I)  produced by Streptomyces chartreusis 
was originally reported in 1953 (l), but its chemical 
structure was not fully elucidated until 1964 (2, 3). The 
chartreusin aglycone, chartarin (111, possesses essentially 
a planar ring system. The phenolic group at  C-10 is gly- 
cosidically (p)  bound to a D-fucose, which, in turn, is linked 


* Benzo[h~[f~benzopyrano[5.4,3-r~e][~]~nzop~an-S,lZ~dione, 10-[[6-deoxy-Z- 
O-~6-deoxy-3-O-methyl-n-D-gelactopyrant~syl~-~-D-galactopyranosyl~oxy]-6-hy- 
droxy-1 -methyl .  


\ H  
0 


I 
by an a-glycosidic linkage to D-digitalose. Chartreusin has 
exhibited substantial chemotherapeutic activity in mice 
against the P-388 and L-1210 leukemias and, to some ex- 
tent, against €316 melanoma (4). Biochemical studies 
demonstrated that I binds to DNA and inhibits RNA and 
DNA syntheses (5). 


Low chartreusin solubility (15 pg/ml) inhibits prepa- 
ration of reasonably concentrated aqueous solutions. Al- 
though the solubility may be increased to 2 mg/ml at a high 
pH (>9), these solutions may be irritating and incompat- 
ible with physiological fluids. More importantly, signifi- 
cant irreversible decomposition of these solutions is evi- 
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Abstract  0 The surface chemistry of colloidal silica was investigated 
in relation to its application as a stabilizer for a hydrolabile drug, aspirin, 
in tablets. Water vapor adsorption properties of the selected silicas were 
studied as a function of vapor pressure a t  40’. Silica I, a precipitated 
colloidal form, exhibited a type IV adsorption isotherm, characteristic 
of multilayer adsorption with limited pore volume. Therefore, the Bru- 
nauer, Emmett, and Teller (BET) theory of multilayer adsorption was 
employed to quantify the monolayer capacity (X,) and the specific 
surface area available for water vapor adsorption (S,,,). The surface area 
and average particle diameter of I, determined by BET nitrogen ad- 
sorption, were 714.4 m2/g and 3.8 nm, respectively. Silica I, which had 
the greatest moisture adsorption capacity, was‘then evaluated for its 
stabilizing effects on aspirin in tablet form. Since silica increased the 
tablet void space in proportion to i ts  concentration, Control (aspirin) and 
sample (aspirin-silica) tablets with controlled void space (held constant 
a t  20%) were subjected to accelerated stability evaluation. In general, 
silica enhanced aspirin stability; a concentration of 3% offered maximum 
stabilization. Tablets with higher silica concentrations (up to 15%) showed 
poorer stability and approached the control tablets in aspirin content 
a t  the end of 120 days. 


Keyphrases 0 Silica, colloidal-surface chemistry, evaluated for sta- 
bilizing effect on aspirin in tablets 0 Aspirin-stability in tablets, effect 
of colloidal silica 0 Stability-aspirin in tablets, effect of colloidal silica 
0 Tablets-aspirin, effect of colloidal silica on stability o Dosage 
forms-tablets, effect of colloidal silica on aspirin stability Analge- 
sics-aspirin, effect of colloidal silica on stability in tablets 


The hydrolytic decomposition of aspirin has been widely 
studied, especially in the last two decades. While some 
work concerned the kinetics of the hydrolytic degradation 
of aspirin in aqueous systems, much of the published work 
dealt with the stability of aspirin in tablets as influenced 
by various common excipients. 


Aspirin hydrolysis in solid dosage forms can be consid- 
ered to proceed in the microfilm of moisture at the surface 
of the aspirin particles. The hydrolysis rate is a function 
of the available water content, pH, and temperature. The 
higher the available moisture content, the more rapidly the 
hydrolysis proceeds. An increase in temperature greatly 
increases the rate of hydrolysis due to the increased rate 
constant governing the reaction and the increased amount 
of aspirin in solution. Furthermore, according to Martin 
(l), an increase in the surface area of aspirin apparently 
has no discernible effect on hydrolysis. In the absence of 
any substance in the tablet that affects the pH of the mi- 
croenvironment, the aspirin dissolved in the moisture will 
have the pH at which aspirin exhibits maximum stability. 
The presence in the tablet of any substance that increases 
aspirin solubility or modifies the pH will increase the de- 
composition rate (I). 


Byrn (2) suggested a possible mechanism for solid-state 
aspirin hydrolysis. A t  elevated temperatures in the pres- 
ence of moisture, he theorized that the reaction takes place 
through solution of aspirin from the water vapor adsorbed 
and in contact with the aspirin surface. The sublimation 
of salicylic acid observed on the surface of aspirin tablets 


under stress conditions (3) suggests that other factors than 
those operating in a pure solution theory must be operable, 
since it seems unlikely that salicylic acid would sublime 
out of an aqueous solution. It also was suggested that the 
degradation reaction may be affected by the dissolution 
of aspirin in acetic acid as it forms, depending on the rates 
at  which acetic acid volatilizes and is formed by hydrolysis 
(2). 


Colloidal silicas are well known for their large surface 
area and highly polar silanol surface favorable for water 
vapor adsorption. Such materials possess a high moisture 
adsorption capacity and, therefore, are commonly used as 
desiccants to protect hygroscopic chemicals and phar- 
maceuticals from atmospheric moisture. Their structural 
and physicochemical characteristics suggested a possible 
application for these agents as stabilizers for hydrolabile 
drugs in solid dosage systems by their acting as local 
moisture scavengers and by their adsorbing the free 
moisture within the tablet micropores, rendering it un- 
available for interaction with the drug molecules. 


The primary objective of this research was to study the 
moisture adsorption properties and mechanisms of se- 
lected silicas, followed by an evaluation of their stabilizing 
effect for a model hydrolabile drug, aspirin, in solid dosage 
forms under selected experimental conditions. 


EXPERIMENTAL 


Surface Chemistry of Colloidal Silicas-An experimental colloidal 
silica, I], and two other commercially available silicas, 112 (a precipitated 
silica) and 1113 (a pyrogenically fumed silica), were investigated for their 
water vapor adsorption properties a t  selected vapor pressure conditions 
at 40’. 


An adsorption isotherm was established for each material by subjecting 
a known weight of a preconditioned sample to an atmosphere equilibrated 
a t  a selected vapor pressure corresponding to a relative humidity (RH) 
between 0 and 100%. The amount of moisture adsorbed per gram of silica 
was thus determined from the total gain in sample weight a t  the time of 
equilibrium. This process was then repeated for another preconditioned 
sample of the same material by subjecting it to the next higher vapor 
pressure. In this manner, the moisture adsorption data were generated 
for the entire vapor pressure range a t  the selected temperature condition, 
and an adsorption isotherm was constructed by plotting the values of the 
equilibrium moisture adsorption against the corresponding vapor pres- 
sure conditions (Fig. 1). 


Apparatus-An ele~trobalance~ in conjunction with a recorder5 was 
employed to monitor continuously the weight gain of the sample exposed 
to the selected vapor pressure and temperature conditions. The balance 
chamber containing the weighing assembly was placed inside an incubator 
oven6 maintained a t  40 f 1.0”. The chamber was made air tight, and the 
selected vapor pressure condition was maintained by inclusion of a 
suitable saturated salt solution. 


’ Luhrisilk, supplied by Kohertshaw Chemical Corp., Phoenix, Ariz. 
2 ’*Quso” F-2, Philadelphia Quartz Co., Philadelphia, Pa. 


“Cahosil” M-5, Cahot Corp., Boston. Mass. 
RG, Cahn Instruments Co., Paramount, Calif. 
SR. E. H. Sargent and Co.. Chicago. 111. 


“‘rhelco. Precision Scientific Co.. Evanston, Ill. 
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Table I-Control and  Sample * Tablet  Formulations Used in the 
Stability Study 


Tablet Aspirin-I Weight, mghablet 
Formulation Ratio Aspirin I Starch 


Control A 1000 460.0 0.0 0.0 


Control B 1000 460.0 0.0 23.0 
(no starch) 


(5% starch) 
Sample 1 99:l 455.4 4.6 23.0 
Sample 2 97:3 446.2 13.8 23.0 
Sample 3 95:s 437.0 23.0 23.0 
Sample 4 9 0  10 414.0 46.0 23.0 
Sample 5 85: 15 391.0 69.0 23.0 


4 The sample tablets contained 5% starch equilibrated at 40°. The equilibrated 
starch contained 5.5% moisture by weight. 


The control unit of the electlobalance and the recorder were located 
outside the oven. The mechanical operation of the electrobalance was 
not affected by the selected humidity and temperature conditions, as 
verified during preliminary tests. The change in sample weight, due to 
adsorption of water vapor, was recorded until an equilibrium was reached 
under each environmental condition. 


Colloidal silicas (such as I) with an active silanol surface desorb any 
physically bound moisture substantially completely on exposure to 
temperatures above 110' over 1-2 hr (4,5). In these experiments, expo- 
sure of I to 150' for 2 hr was adequate to ensure complete desorption of 
the physically bound moisture without alteration of the surface charac- 
teristics. Therefore, silica samples used in the adsorption study and later 
in the preparation of tablets were preconditioned by drying under these 
conditions to desorh any moisture bound physically under ambient 
storage. 


A known weight of the sample, a t  room temperature, was transferred 
to the weighing chamber, which was preequilibrated at  the selected vapor 
pressure condition overnight. The electrobalance was precalibrated for 
the estimated change in sample weight, and the gain in sample weight 
was continuously recorded over 3-4 hr or until the sample reached 
equilibrium. An average of three replicates thus represented the equi- 
librium weight gain for each material a t  each vapor pressure level. 


Saturated solutions of various salts in contact with an excess of their 
solid phase (6,7) were employed to achieve the vapor pressure conditions 
corresponding to 20-100% RH. For humidity conditions below 20%, ap- 
propriate concentrations of sodium hydroxide solutions were used (8). 
Moisture adsorption properties of aspirin powder USP also were inves- 
tigated under identical experimental conditions, and equilibrium weights 
were recorded over the entire vapor pressure range a t  40". 


Preparation and Porosity Determination of Aspirin-Silica 
Tablets-Control (aspirin) and sample (aspirin-I) tablets were prepared 
according to the formulatitins listed in Table 1. Based on the results of 
the moisture adsorption study, I,  having superior moisture adsorption 
properties, was chosen lor the stability study of aspirin tablets. The in- 
gredients for a batch of about 50 tablets of each formulation were thor- 
oughly mixed in a small laboratory mixer and stored in a vacuum desic- 
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Figure I--Ad.scrptittn isotherms of I (0) and ff (0)  at 40° 


Table 11-Compression Conditions, Tablet  Thickness, Tablet  
Hardness, and  Percent Void Volume for  Various Tablet  
Formulations 


Tablet Compression Tablet Tablet 
Formulation a ,  Conditions Hard- Thick- Percent 


Aspirin-I Force, nessb, nessc, Void 
Ratio kg Seconds kg mm Volume 


Control A, 1OO:O 227 1 1.8 3.89 19.66 
Control B, 1OO:O 212 1 1.6 4.10 19.84 
Sample 1,99:1 272 1 4.5 4.06 19.60 
Sample 2,97:3 318 2 6.0 4.04 19.66 
Sample 3,95:5 364 4-5 8.4 4.01 19.52 
Sample 4,9010 864 3-4 10.6 3.94 19.27 
Sample 5,85:15 1136 12-13 14.9 3.89 19.60 


a All tablet formulations except Control A contained pree uilibrated starch at 
5% of the total aspirin-silica content. * Average value for five t i l e & .  Measurements 
were made using the Pfizer hardness tester. Thickness variability was within f 
0.025 mm of the reported mean values. 


cator until ready for compression. The tablets were compressed on a 
hydraulic press7 with an 11-mm flat-faced punch and die set. 


Initially, tablets of each formulation (Table 1) were compressed to a 
constant hardness using appropriate loading force and time combinations. 
Porosity (percent void space) determinations were made on each set of 
tablets by using a method reported earlier (9,lO). This method involved 
a determination of apparent tablet volume from tablet dimensions 
measured with a micrometer. The volume occupied by each ingredient 
in the tablet was estimated from the known values of its weight and true 
density. The latter values for the three tablet components were obtained 
by the pycnometer method with petroleum ether as a nonsolvent medi- 
um. 


Since the porosity determinations on aspirin-[ tablets compressed to 
constant hardness indicated porosity increasing with silica content, it 
was considered necessary to hold the porosity constant a t  a selected level 
to eliminate its effect on the evaluation of aspirin stability. Therelore, 
the tablets used in the stability study were compressed to a constant 
porosity by controlling the tablet thickness (and, thus, the tablet volume), 
using the predetermined values of compression force and loading time 
for a particular composition. The selected compression conditions and 
the resultant tablet properties are listed in Table 11. 


The tablet void space as influenced by the I content also was investi- 
gated under constant compression conditions. The sample tablets con- 
taining aspirin and I in differing ratios of 3-15% silica content were 
compressed on the hydraulic press, using a compression force of 454 kg 
and a compression time of 5 sec. Tablet thickness was determined by 
means of a thickness gauges, and the percent void space was determined 
by the method described earlier. 


The tablets containing 100% aspirin and various combinations of as- 
pirin and I showed poor disintegration properties. Therefore, all test 
formulations for the stability study were modified to contain 5% corn 
starch USP to achieve a disintegration time within USP limits. A for- 
mulation containing aspirin alone also was included as a primary control 
in the stahility program to determine if' the hygroscopic nature of starch 
interfered with the adsorption properties of silica and, consequently, 
aspirin stability. The starch powder used was preconditioned to limit its 
moisture content to an equilibrium level of 5.5%. 


Stability Evaluation of Aspirin-Silica Ta blets-The stahility study 
was conducted under the conditions of a continuous moisture supply a t  
an elevated temperature (82% RH a t  40"). The test samples were placed 
in a desiccator preequilibrated a t  82% RH with a saturated solution of 
potassium chloride and stored in an incubator oven set for 40". During 
the initial period, the gain in weight of the tablets was monitored every 
2 hr through the first 12 hr, followed by weighings every 12 hr for 4 
days. 


Control and sample tablets then were assayed for residual aspirin 
content a t  various time intervals during the test period of 120 days by 
the method reported earlier (3). This method essentially involves si- 
multaneous spectral determination of aspirin and salicylic acid, the hy- 
drolytic degradation product, in a pH 7.4 buffer solution at  262 and 296.5 
nm, respectively. The method was modified to exclude the insoluble silica 
particles from the final dilution hefore the spectrophotometric mea- 
surements. Appropriate corrections for the increased tablet weight due 


' Fred S. Carver and Co. .  Summit. N..I. 
H f' Amer (:$I.. Waltham, Mass. 
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Figure 3-Percent void space as  a function of percent I in tablets of 
constant hardness (5.5 kg). 
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Figure 2-BET plot for water vapor adsorption isotherm for I at 
40'. 


to moisture sorption were made before the residual aspirin content per 
tablet was determined. 


RESULTS 


Adsorption Properties of Silicas-Adsorption isotherms, con- 
structed from the data generated in the moisture adsorption study of I 
and 11, are presented in Fig. 1. The isotherm for I showed a close resem- 
blance to the type IV isotherm, typical of adsorbents with limited pore 
volume and multilayer adsorption. Therefore, the data from the I iso- 
therm were treated according to the Brunauer, Emmett, and Teller 
(BET) theory of multilayer adsorption to quantify the monomolecular 
layer capacity (X,) and the specific surface area (S,) for I ( I  1-13). This 
calculation is represented by the equation: 


where P is the vapor pressure of the adsorbate a t  the temperature of the 
experiment, PO is the saturation vapor pressure at that temperature, X 
is the quantity of adsorbate (water) adsorbed per gram of adsorbent, X ,  
is the quantity of adsorhate required for completion of the monolayer. 
and C is a constant dependent on the difference between the heat of 
adsorption for the completion of the monolayer ( E m )  and the heat of 
condensation of successive layers ( E L )  and is expressed by the equa- 
tion: 


C = e ( E , - E ~ ) / R T  (Eq. 2) 


where R is the gas constant and T is the absolute temperature. 
A BET plot of P/ [X(P"  - P ) ]  as a function of PIP0 yields a straight 


line, with the slope being equal to (C - 1 )/X,C and the y-intercept equal 
to l/X,C (Fig. 2). This plot was linear up to a value for PIP" ( i e . ,  relative 
vapor pressure) equal to 0.25, corresponding to the vapor pressure a t  
which the monomolecular layer had been completed. The location of this 
monolayer depends on the value of C and, therefore, on the heat of ad- 
sorption. The slope and y-intercept of the linear portion of this curve were 
used to calculate the values of X, and C.  From the value of C, the 
quantity (Em - E L ) ,  defined earlier, was calculated. 


The specific surface area of the adsorbent (Sum) available for adsorption 
of water vapor as a monolayer can he calculated from a knowledge of' X, 
and A,,,, the area of a single closely packed adsorbate (water) molecule 
adsorbed in the monolayer, using the following equation (13, 14): 


(Eq. 3) 


where N is Avogadro's number and M / p  is the molar specific volume of 
the adsorbate (22,400 ml/mole a t  standard temperature and pressure). 


The value of A, for water molecules adsorbed on the surface of silica 
may he calculated from the knowledge of the molecular weight of water 
(M) and its density in the adsorbed state a t  the temperature of the ex- 
periment ( p ) ,  as given by the relationship (15): 


The coefficient 1.091 is the appropriate packing factor and involves two 
assumptions: (a  the adsorbate molecules are held in a two-dimensional 


packing arrangement on the surface, and ( b )  the area occupied by each 
molecule is the projected cross section of the molecular volume calculated 
from the density of the condensed adsorbate (12). 


Since the silica surface is covered with silanol groups, the water mol- 
ecules are adsorbed on the surface through hydrogen bonding. If it is 
assumed that each water molecule adsorbed on the surface of the silica 
is held by one hydroxyl group. leading to a closely packed arrangement, 
and that the adsorbed water is in a liquid state, the value of A, = 10.6 
A2 as calculated from Eq. 4 should be accurate. 


With this value for A,,,, the specific surface area ( S , )  for water vapor 
adsorption was calculated from Eq. 3. The surface area for I calculated 
from BET nitrogen adsorption datag was used to calculate the mean 
volume surface diameter (dus)  from the relationship (14): 


dtw = (Eq. 5) 


where ps is the true density of I. The value of d,, thus calculated was 3.82 
nm. 


The isotherm for I1 (Fig. 1) indicates inferior moisture adsorption 
properties as compared to I a t  identical vapor pressure conditions. Silica 
111, a pyrogenic fumed silica, showed little or no moisture adsorption even 
under saturation vapor pressure conditions and, therefore, is not pre- 
sented in Fig. 1. The adsorption properties of aspirin, when investigated 
under identical conditions, also showed no evidence of' moisture ad- 
sorption a t  saturation vapor pressure (PIP0 = 1.01, thus indicating that 
aspirin has no physical affinity for moisture, although it undergoes hy- 
drolytic degradation a t  ambient temperature conditions. 


On the basis of these results, I was chosen for the study of stabilizing 
properties for a moisture-sensitive drug (aspirin) in tablet dosage 
form. 


Determination of Tablet  Porosity and Effect of Silica on Tablet  
Voids-Tablets of selected formulations (Table I),  compressed to a 
constant hardness, were evaluated for their total void space by a method 
described previously (9, 10). 


The percent void volume (i .e. ,  porosity), defined as the percent of total 
volume ( Vtshlet) occupied by the void space ( Ve), is given by: 


6 
P 3  


%voids = (L) 100 (Eq. 6) 


The volume occupied by the voids is ohtained by subtracting the calcu- 
lated volume occupied by each ingredient within the tahlet. from the total 
tablet volume, determined by dimensional measurements. 


For the tablet formulations under study, this value of V,. is given 
by: 


Vtahler 


v, = Vtahlet - ( VaspirOn -k Vsilica -k Vstaruh) (Eq. 7 0 )  


or: 


where Wand p stand for the weight and true density for the components, 
respectively. 


In Fig. 3, the percent void space is plotted against the silica content 
for tablets having equal hardness. This plot illustrates that I significantly 
increased the tahlet void space. The contributions made hy the two tahlet 
components to the tablet void space are illustrated in Fig. 4, which shows 


9'l'he surface area hy HKT nitrogen adsorption wnsdrtermiiied hy the American 
Inst rurnent.; Co.,  Silver Spring, Md., wing a model 4-4680 dwrpttirnat. 
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Table 111-Specific Volumes of Aspirin and I in Powder and  
Tablet  Form 


I I I I I I 


2 4 6 8 10 12 14 
I I N  ASPIRIN-SILICA TABLETS, % 


Figure 4-Percent uoid space as a /unction of percent 1 in aspir in- /  
tablets under constant comprpssion conditions. 


the relationship between the percent void space and the silica content 
of tahlets compressed under constant compressional forces. A positive 
linear relationship and a positive y-intercept suggest that the void space 
contributed by I, on a unit weight basis, remains constant over the range 
of 0-15% silica content. The relative contrihutions made by each of the 
two ingredients to the total void space is estimated from Fig. 5, which 
represents a plot of the apparent specific volume, i .e.,  the reciprocal of 
apparent tablet density, as a function ofthe weight fraction of silica in 
the tahlets. Equation 8 describes this relationship: 


(Eq. 8) 


where Vtahlet and Vasplrln are the specific volumes of the tablets under 
test and of tablets containing 100% aspirin, respectively; W,ilica stands 
for the weight fraction of' silica; and m isthe slope ($ the line (being equal 
to the difference between the values of Vsi~ira and VRSpirin). The linearity 
of this plot suggests that the specific volumes of 100% aspirin and 100% 
silica tablets remain constant over the range of tablet compositions 
studied. Since it was not possible to compress tablets containing 100% 
silica under identical compressional conditions, the value of V,,lic. is 
obtained by extrapolating the line to the right y-intercept or by calcu- 
lating from the slope. 


If reciprocals of'true densities (if aspirin and silica in their pure crys- 
talline states ( i . e . ,  with zero porosity) represent their specific volumes 
in that state, then the difference between their respective specific volumes 
of tablet and crystalline states should represent their_volume contribu- 
tions to the void space in a tablet form. The values of Vv,,id calculated in 
this manner for aspirin and silica are presented in Table 111. These values 
only represent the data for the set of compressional conditions used in 
this study and will vary with changes in compressional load. 


These data suggest that I increased the tahlet void spaces in aspirin- 
silica tablets to an extent of nearly 600% ofthat produced hy aspirin on 
an equal weight basis. These results may he explained in terms of the size 
and geometry of the particles. The needle-shaped aspirin particles, al- 
though larger, apparently can pack more tightly than the spherical silica 
particles. The irregularity of aspirin particles, possibly their deformability 


- - 
Vtuiiirt = Vnnpirin + m Wsiiica 


- 


I 
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Figure 5-Specific volume o/ t h e  tablets as a function o/ t h p  w i g h t  
lractron (JJ  I in aspirin I tablets. 


Aspirin powder USP 0.6680 0.7863 0.1183 
Silica I 0.4566 1.1700 0.7 134 


and particle-size distribution, may allow for the interstitial spaces to he 
filled in a relatively more efficient manner than the nearly spherical and 
more rigid silica particles with their very narrow size distribution. 


Thus, the variable tahlet void space as influenced by the silica content 
could conceivably interfere with an evaluation for any potential stabi- 
lizing effect silica may have in aspirin tahlets due to variable pore spaces 
available for water vapor penetration. This possibility necessitated 
controlling the void space to a constant level of 20% for all aspirin-silica 
formulations under stability evaluation. 


Moisture Sorption by Aspirin-Silica Tablets-The moisture 
sorption properties of the control and sample tablets subjected to the 
selected storage conditions (82% HH a t  40") were monitored during the 
initial test period (Fig. ti). These plots show increasing moisture sorption 
by the tablets with increased silica content. The tablets containing 0-516 
silica adsorbed moisture to their full capacity within the first 8-10 hr, 
whereas thcrse containing 10 and 15% silica required 24 hr or longer to 
reach equilibrium. No substantial gain or loss in weight was observed on 
further exposure up to 7'2 hr. The control tablets (Formulations A and 
H) showed no significant weight change over 72 hr. (Formulation B is not 
presented in Fig. 6.) 


Stability of Aspirin-Silica Tablet  Systems-The control and 
sample tahlets of the selected formulations (Table I )  subjected to the 
stability study were assayed ( 3 )  at selected time intervals for residual 
aspirin content. The overall variability in the aspirin content for  each 
tablet formulation a t  a given time was within f0.5% (Fig. 7). These results 
clearly demonstrate the stabilizing effect ~f I ,  with improved aspirin 
stability heing apparent in tablets containing 1-5% silica as compared 
to the control tablets. Hoth controls, with and without starch, showed 
comparable stability curves. 


The decomposition of aspirin in tablets containing 10 and 1590 silica, 
although initially less than that of the control tablets, reached the levels 
of control talilets hy the end of the 120-day test period. The data also 
indicate that a 3% concentration probably offers maximum aspirin sta- 
bilization in these formulations. This conclusion is further demonstrated 
in Fig. 8, where data are presented as a function of the silica concentration 
a t  the end of 40,60, and 120 days. 


w 5 0.8 


!i 2 0.4 


0.0 


-0.21 i I I I 1 I 
4 8 12 16 20 24 


HOURS 
Figure 6-Perccnt moisture sorption as a function of t i m e / o r  aspirin 
andaspir in- l  tablets. K e y  (Formuhtionn in Table  I ) :  0 .  A; 0, I ;  0 .  2; 
A, 3; A, 4; and 0,s. 
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Figure 7-Stability curves for aspirin in aspirin-1 tablets under storage 
at 81.7% RHand 40’. Key  (Formulations in Table I):  0, A; 0,  B; A, I ;  
A, 2; 0, 3; M, 4; and 0,5. 


DISCUSSION 


Surface Properties of Silicas-The surface characteristics of I ob- 
tained from adsorption isotherm studies are: X ,  (monolayer capacity 
for water vapor adsorption), 0.115 ml of liquid water/g of I; (Em - Er,), 
2.002 kcal/mole of water; S,  (specific surface for water vapor adsorption), 
3276 cm2/g of I; S,  (specific surface from nitrogen adsorption), 714.4 m2/g 
of I; and d,, (mean volume surface diameter from nitrogen adsorption), 
3.82 nm. 


The results for the adsorption of water vapor and nitrogen appear to 
agree with results reported earlier. Sing and Madeley (16,17), in a study 
of the surface properties of certain commercial and laboratory-made silica 
gels, observed that the value of X, varied between 0.04 and 0.18 ml/g, 
depending on the type and method of preparation of the silica gels. The 
S,,, values obtained from nitrogen adsorption isotherms varied within 
a range of 530-750 d / g .  Brunauer et al. (1 l), in their original work on 
the adsorption isotherms of various gases on different adsorbents, re- 
ported X, and S,  values for silica gels to be within 116.2-127.9 ml/g and 
534-560 m2/g, respectively. The specific surface and monolayer capacity 
of 1 determined in this study are in agreement with those reported pre- 
viously. 
Based on these results and those of earlier workers, a general hypothesis 


can be built to suggest a structural configuration of hydrated silica. A 
finding that the monolayer capacity for water vapor adsorption is sig- 
nificantly lower than that for nitrogen adsorption suggests that  the polar 
water molecules are adsorbed a t  specific sites on the silica surface. The 
adsorption of nitrogen gas on the surface of silica gel probably leads to 


94 u \ 
U I I I I I I 
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I IN ASPIRIN TABLETS, % 


Figure %-Percent aspirin remaining as a function of percent I content 
of tablets at the end of 30 (O), 60 (A), and 120 (0)  days of storage at 
81.7% RH and 40’. 


a b 
Figure 9-Two suggested concepts for the adsorption of water on the 
hydrated surface of I .  


the formation of a continuous monomolecular film and, hence, yields a 
much higher X ,  value. The adsorption of water molecules a t  the silica 
surface is thought to be due to hydrogen bonding between the hydrogen 
of the silanol group and the oxygen of the water molecules, thus leading 
to adsorption only at silanol sites (4). 


Two different theoretical concepts (Fig. 9) were proposed for the ad- 
sorption of water vapor on a silica surface. One view (4) implies that ad- 
sorption of water and alcohols on the surface of silica may be regarded 
as a special case since either chemisorption or physisorption may occur, 
depending on the degree of surface hydration of the silica. This concept 
(Fig. 9a) proposes that a single water molecule is adsorbed by hydrogen 
bonding to two neighboring silanol groups. If this bonding occurs, a 
considerably smaller volume of water vapor would suffice for the com- 
pletion of the monolayer. 


According to the second hypothesis (5), the binding of water to the 
silanol groups on the silica surface in a unimolecular film is in a ratio of 
1:l instead of 1:2, as proposed by Hockey (4) (Fig. 96). Zhdanov (18) 
quantitatively estimated how surface dehydration affects the adsorption 
of polar water molecules. Subjecting silica to high temperatures of 
600-80O0 leads to dehydration of silanol groups to siloxane groups. Ac- 
cordingly, for every silanol group lost from the silica surface, one less 
water molecule is adsorbed in the monolayer. 


However, the data presented in this study are insufficient to suggest 
which of the two concepts describes the adsorption properties of I. 


Stability Evaluation of Aspirin-Silica Tablets-The results of the 
stability study (Figs. 7 and 8) indicate that the desiccant effect of silica 
is not the only factor that helps stabilize aspirin in these formulations. 
The precise mechanism by which this effect occurs is not based on simple 
retention of water vapor by silica to limit its access to aspirin particles 
per se but probably involves a complex of considerations such as: ( a )  the 
state of equilibrium between the bound and free water within the mi- 
croporous structure of the tablets, (6) changes in the tablet structure that 
affect the pore size distribution, and (c) the occlusion of pores by silica- 
bound water or by partial deposition of sublimed salicylic acid on the 
surfaces of aspirin or silica particles (3, 19). 


These phenomena could be explained further by the following hy- 
pothesis. Within the micropores of the tablets, the water remaining in 
association with silica mainly consists of strongly bound water directly 
bound to the silanol groups in the monolayer and, possibly, in some 
successive layers. This water probably exists in a polarized oriented form 
because of its permanent dipole. However, receding from the silica sur- 
face, the state of water progressively reaches “liquid water,” which is 
essentially free water, available for the hydrolytic degradation of aspi- 
rin. 


In a situation of limited moisture supply, an equilibrium is established 
between the bound and free water within the tablet, and thus, silica ef- 
fectively stabilizes aspirin after the free moisture within the tablet reaches 
a negligible level. However, with an essentially unlimited moisture supply, 
as in the present study, the silica must also limit the access of water to 
aspirin and/or prevent the release of degradation products. Consequently, 
the hydrolytic reaction could approach equilibrium and also be diffusion 
rate limited due to an inability of water to reach the tablet interior. The 
“strongly bound water” itself may perform this Iunction through occlu- 
sion of the tablet pores. However, the possibility of‘ pore occlusion by the 
subliming salicylic acid cannot be overlooked. 


To define these mechanisms, a subsequent study (19) involved the 
determination of the pore size distribution of aspirin-silica tablets by 
mercury intrusion porosimetry. The results (19) revealed that, at  lower 
concentrations, silica functioned primarily to reduce the size and volume 
of coarse pores, presumably representing the spaces hetween the aggre- 
gates of the starch and aspirin particles. This effect was optimum a t  a 
concentration of 3% silica, which was also the optimum level of aspirin 
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stabilization in the present study. At this level, the tablets consistently 
exhibited the smallest average pore size irrespective of the relative 
changes in the size and volume of pores resulting from the swelling of 
starch grains or deposition of salicylic acid in the tablet pores. The role 
played by subliming salicylic acid and its contribution to the occlusion 
of the micropores were also evident in this study from the reduction in 
pore volumes and the size of the pores with increased periods of exposure 
to water vapor. 


SUMMARY AND CONCLUSIONS 


Silica I was studied with respect to its physicochemical and surface 
properties and its ability to stabilize a hydrolabile drug (aspirin) in tablet 
matrixes. The major findings of the investigation were: 


1. Silica I exhibited an adsorption behavior characteristic of adsorbents 
with limited pore volume. The monolayer capacity and the specific sur- 
face area, determined by both water vapor and nitrogen adsorption iso- 
therms employing the BET theory of multilayer adsorption, revealed the 
superior moisture adsorption capacity of I as compared to the other silicas 
tested. 


2. The void volume of aspirin-silica tablets compressed under constant 
compressional force was proportional to the silica content of the tablets. 
Silica contributed approximately six times as much to the void volume 
as did aspirin on an equal weight basis. Therefore, it was necessary to 
control the void space of the tablets to eliminate the effect of the void 
volume variable in the interpretation of stability data. 


3. The stability of aspirin tablets containing I a t  concentration levels 
of 0-15% was investigated under storage conditions of a continuous 
moisture supply (82% RH) a t  40°. A t  the end of 120 days, tablets con- 
taining up to 5% I exhibited improved aspirin stability in comparison to 
control tablets. An optimum concentration of 3% silica, however, showed 
maximum stabilization; the tablets containing 10 and 15% silica showed 
progressively poorer stability, approaching that of the control tablets a t  
the end of 120 days. 


4. Silica I, with superior moisture adsorption properties, proved to be 
of significant value in enhancing the stability of the hydrolabile test drug 
(aspirin) by acting as an internal moisture scavenger. This study also 
demonstrated the importance of controlling the tablet void space in 
studies involving stability evaluation of drugs prone to moisture hy- 
drolysis in solid drug dosage systems. 
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Abstract 0 Metal-binding stability constants for several heterocyclic 
aminoalkyl disulfides and thiosulfates with Ni(11) and Al(111) were de- 
termined. The data obtained indicated that both classes of compounds 
were acting as bidentate chelating agents and that the heterocyclic rings 
apparently prevented tridentate behavior of the disulfides because of 
steric hindrance. The magnitude of the constants indicated that metal 
complexes of these compounds could exist in a cellular environment, but 
no  correlation with radiation-protective activity was apparent. 


Keyphrases 0 Disulfides, aminoalkyl-metal-binding stability con- 


stants determined, relation to radiation-protective activity 0 ‘I’hiosul- 
fates, aminoalkyl--metal-binding stability constants determined, relation 
to radiation-protective activity 0 Metal binding-stability constants 
determined for various aminoalkyl disulfides and thiosullates, relation 
to radiation-protective activity 0 Binding, metal-stability constants 
determined for various aminoalkyl disulfides and thiosulfates, relation 
to radiation-protective activity ILdiation-protective activity-various 
aminoalkyl disulfides and thiosullates, relation to metal-binding stability 
constants 


Aminoalkyl disulfides and thiosulfates have strong ra- 
diation-protective properties in animals (1 ,  2). The fact 
that  the protective compounds all have a two- or three- 


carbon distance between the amino and sulfur functions, 
which confers potential metal-chelating ability to  them, 
suggests that  metal binding may be important in their 
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Abstract 0 GLC methods were developed for the investigation of im- 
purities in bakrine and saddamine. The method used for bakrine was 
unsuitable for saddamine since two possible saddamine impurities, 
benzylamine and salicylaldehyde, reacted very readily in solution to form 
saddamine, thus giving a false low value for the original concentration 
of these impurities. The method devised for saddamine involved silyla- 
tion, which greatly reduced the possibility of saddamine formation from 
its precursors and also enabled the detection of another possible impurity, 
salicylic acid. The method described has an obvious application to the 
determination of other Schiff bases. 


Keyphrases Bakrine and impurities-GLC analysis in prepared 
samples Saddamine and impurities-GLC analysis in prepared sam- 
ples a Anti-inflammatory agents, potential-bakrine and saddamine, 
GLC analysis in prepared samples 


Bakrine, N-[ 1-(0- hydroxyphenyl)ethylidine]benzyl- 
amine (I), and saddamine, N- [o- hydroxyphenylmethyli- 
dinelbenzylamine (II), are novel Schiff bases (1) with 
promising anti-inflammatory properties (2). These com- 
pounds are currently undergoing clinical trials in Iraq. 


During the development of a method for the determi- 
nation of the purity of bakrine and saddamine samples, 
spectrophotometric and TLC procedures were shown to 
lack specificity; GLC was the method of choice because of 
its speed, sensitivity, and specificity. However, although 
a solution of bakrine containing expected impurities could 
be analyzed satisfactorily by direct injection onto the GLC 
column, a similar procedure for saddamine gave in- 
consistent results. Therefore, the possibility that sadda- 
mine could be reformed from any salicylaldehyde and 
benzylamine present as impurities in the final product was 
investigated. 


EXPERIMENTAL 
Reagents and Materials-Bakrine', saddamine', and bis(trimeth- 


3 


._A 
R 
I: R = CH, 


11: R = H 


I Maybridge Chemical Co.. Cornwall, England. 


Figure 1-Gus chromatogram of benzylamine (peak I )  and 2-hy- 
droxyacetophenone (peak 2) in 1,2-dichloroethane. Very little bakrine 
(peak 3) was formed. 
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MINUTES AFTER INJECTION 
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Figure $-Gas chromatogram of benzylamine (peak I )  and salicylal- 
dehyde (peak 2 )  in 1,Z-dichloroethane. Saddamine (peak 3)  formation 
was almost quantitative. 


2 


ylsilyl)trifluoroacetamide* were used as supplied. All other solvents and 
reagents were analytical reagent grade. Screw-capped 1-ml tapered re- 
action vials, fitted with polytef-faced rubber seals3, were used for sil- 
ylation. 


Apparatus-A gas chromatograph4 was equipped with a flame-ion- 
ization detector and a 2-m X 2.5-mm i.d. stainless steel column packed 
with 5% OV-1 on 100-120-mesh Gas Chrom Q5. The column was condi- 
tioned before use a t  275" for 24 hr with the carrier gas (nitrogen) at a flow 
rate of 35 ml/min. The chromatograph was operated under the following 
conditions: column and injection port temperature, 275"; detector tem- 
perature, 275O; carrier gas flow, 30 ml/min; air flow, 300 ml/min; and 
hydrogen flow, 40 ml/min. The oven te'mperature was initially 130' for 
2 min and was then increased to 260" a t  a rate of 20a/min. 


Silylation Procedure-Trimethylsilyl derivatives were prepared by 
the addition of 250 rl of silylating reagent to 5 mg of the test compounds 
in separate reaction vials. The vials were capped immediately and left 
for 2 hr a t  room temperature (20"). The silylation reaction went to 
completion after 2 hr for all compounds tested, and the derivatives were 
stable for a t  least 24 hr when kept in the sealed vials. 


* Regisil, Regis Chemical Co.. Chicago, 111. 
Regis Chemical Co., Chicago, Il l .  
Perkin-Elmer model F33. 
Phase Separations, Clwyd, Wales. 
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Figure 3-Gas chromatogram of derivatized bentylamine (peak 1 )  and 
salicylaldehyde (peak 2).  The formation of saddamine (peak 3), in this 
case derivatized, was greatly reduced. 


For the chromatography of derivatives, suitable volumes of solutions 
of the individual silylated compounds were mixed and diluted with si- 
lylating reagent t o  give a final concentration of 2 mg/ml for each com- 
ponent in the mixture. Aliquots of 1 rl were injected onto the column. 


RESULTS AND DISCUSSION 
GLC determination of the purities of bakrine and saddamine was first 


attempted by separate injections of 1,2-dichloroethane solutions of the 
two compounds and mixtures of their carbonyl and amino precursors, 
respectively. This procedure was satisfactory for bakrine; as shown in 
Fig. 1, a mixture of benzylamine (0.1 ml) and 2-hydroxyacetophenone 
(0.1 ml) in 1,2-dichloroethane (10 ml) reacted to produce less than 1% 
of the theoretical yield of bakrine after 2 hr at room temperature. With 
benzylamine and salicylaldehyde under the same conditions, however, 
almost quantitative conversion to saddamine took place (Fig. 2). If these 
compounds had been piesent in the original saddamine, the purity de- 
termination would have been invalidated. 


Since it was necessary to eliminate this source of error, trimethylsilyl 
derivatives of the two saddamine precursors were used to reduce their 
reactivity. Such derivatization had a further advantage in that salicylic 
acid, another potential impurity that cannot be chromatographed di- 
rectly, may be determined successfully under these conditions (3-5). 
Chromatography of a mixture of the trimethylsilyl derivatives of ben- 
zylamine and salicylaldehyde left at room temperature for 2 hr showed 


Journal of Pharmaceutical Sciences I 375 
Vol. 68, No. 3. March 1979 







5 


3 


4 


J 
1 ' '  3 I ' I  


1 0 9  8 7 6 5 4 


2 


z L, - 
2 1  


MINUTES AFTER INJECTION 


Figure 4-Gas chromatogram of derivalized phenol (peak 1 ), benzyl- 
nmino (peak 2), salicylnldehydo (peak Y), salicylic acid (peak 4 ) ,  and 
saddamine (peak 5 ) ,  cwch present at a concentration of 2 rnglml of s i -  
lylaling solution. 


that formation of the trimethylsilyl derivative of saddamine amounted 
to less than 5% of the total theoretical yield (Fig. 3). Thus, with this 
method, benzylamine and salicylaldehyde would be easily detected should 
they occur together as saddamine impurities. 


Chromatography of a mixture of the trimethylsilyl derivatives of 
phenol, henzylamine, salicylaldehyde, salicylic acid, and saddamine (Fig. 
4)  indicated that there was good separation of the saddamine derivative 
from the derivatives of the potential impurities. The impurities present 
in many samples of saddamine were investigated using this method, and 
the chromatogram shown in Fig. 5 is typical of those obtained after on- 
column injection of 1 p1 of a 2O-mg/ml solution of the trimethylsilyl de- 
rivative ofsaddamine. Each potential impurity shown in Fig. 4 was absent 
down to a level (tf less than 0.5%. 


The described method has an obvious application to the determination 
of d h e r  Schiff hases. 


1 


2 
10 9 8 7 6 5 4 3 2 1 


MJNUTES AFTER INJECTION 


Figure  5-Typical gas chromatogram of saddamine (peak I )  puri ty  
detvrrnination. 
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Abstract 0 Estriol-releasing intrauterine devices were developed for 
experimental use in animals and humans. T h e  devices consist of a res- 
ervoir containing the steroid surrounded by a rate-limiting polyurethane 
membrane. After an initial transient, the drug is released from the device 
a t  a constant rate for 1 year or more; devices with a much longer release 
period can be fabricated readily. A constant release rate is achieved by 
maintaining solid drug i n  the reservoir and good physical contact between 
the drug and the inside wall of  the device. The  methods used to fabricate 
the devices are drscril)ed along with release rate and stability data. 


Keyphrases o Intrauterine devices---estriol releasing, prepared, release 
rate and stability evaluated 0 Estriol-delivered by intrauterine devices, 
release rate and stability evaluated Dosage forms-intrauterine de- 
vices, estriol releasing, prepared, release rate and stability evaluated 0 
Estrogens--estriol, delivered by intrauterine devices, release rate  and 
stability evaluated 


Scommegna et al. (1) first described the preparation and 
use of a drug-releasing intrauterine device (IUD) for fer- 
tility control. A low dose of a steroid, applied locally to the 
entrometrial tissue of the uterus, provided a contraceptive 
effect hy a mechanism other than simple irritation with its 
concomitant side effects. The delivery of the naturally 
occurring steroid progesterone a t  a constant dosage rate 
of 70 pg/day (or 26 mg/year) from such an IUD can main- 
tain contraception (2-7). This dosage rate is well below 
that required to maintain contraception when the same 
drug is given systemically. 


This paper describes the development and in uitro be- 
havior of two similar estriol-releasing IUD's. One device 
is intended for use in experimental studies in animals; the 
other is intended for use in humans, following approval by 
the Food and Drug Adminis t rahn.  Prior animal studies 
(8) suggested that  estriol is effective a t  concentrations 
lower than those required with progest.erone, suggesting 
that such a device could be effective in uiuo for several 
years. 


The  design of the human device closely follows that 
developed earlier ( 5 ) ,  which, in turn, was based on the "T" 
shape first proposed by Tatum (9). The design of the de- 
vice and its approximate dimensions are presented in Fig. 
1. The devices for use in animals consisted essentially of 
only the stem of the T shown in Fig. 1. That  is, they were 
rod-shaped devices, with a nominal outside diameter of 2-3 
mm and lengths of 1-2 cm. 


Devices with a range of release rates from 0.5 to 12.5 
pg/day were required for use in animals to study the effect 
of release rate on contraceptive efficacy, tissue develop- 
ment, and other physiological parameters. Furthermore, 
the release rates had to be essentially invariant over the 
intended period of use, i . e . ,  from several months to 1 year 
or more. 


TIIEOHETICAL 


Constant o r  zero-order release of a drug from a device can he achieved 
by maintaining a constant thermodynamic driving I'orce across a fixed, 
rate-limiting membrane. This  concept t'ollows from Fick's first or 
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End  P l u e s  
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and  Removal o f  Device 


/ 
Figure I-Schematic of the drug-d~lirvr ing I I  'D 


steady-state law. Thus,  the flux, J ,  across a membrane in one dimension 
is given by: 


J = n ACmll (Eq. 1) 


where A(',,, is the difference in drug concentration within the membrane 
o f  thickness I ,  and 1) is the diffusion coefficient of the  drug in the  mem- 
brane. T h e  drug concentration within the membrane is simply related 
to that  in the external phases in contact with the  membrane through a 
partition coefficient, K .  Thus, Eq. 1 can be restated in more useful terms 
as: 


J = DK A('// 


where AC is the  concentration difference in the two solutions external 
to the membrane. Therefore, t h e  flux will he constant a s  long as  AC is 
maintained constant. 


T h e  developed devices were conceptually of this  type. Solid drug was 
conlained within the reservoir created by the  tube-shaped stem o f  the  
T shown in Fig. 1. T h e  steady-state release rate  from such a cylindrical 
reservoir device is given hy (10): 


(Eq. 2)  


where Q is expressed in mass per uni t  time (e.g., micrograms per day), 
h is the filled length of the cylinder, and r,, and r, are the outer and  inner 
radii, respectively, of the cylinder. With solid drug present in the reser- 
voir. the  internal concentration is fixed; when the  IUD is in use in ~ . i t ) o .  
the  external concentration also is fixed a t  essentially zero. Thus,  the  re- 
lease rate remains constant and is determined only by device dimensions 
and the permeability of the rate-limiting membrane. 
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Figure 2-Permeability cell. 


EXPERIMENTAL 


Constraints-Several constraints on the device affected material 
selection and the final design: 


1. The reservoir must hold sufficient drug to achieve constant release 
for the intended period of use. For devices releasing 12.5 pg of estriol/day 
for more than 1 year, the reservoir must be sufficiently large to hold at 
least 5 mg of estriol; i.e., the reservoir volume must be a t  least 5 X 
cm3. Because of the necessity to include excipients, the minimum ac- 
ceptable reservoir volume is about 10 X 


2. The device must be flexible, so as to be nonirritating, but sufficiently 
strong to withstand uterine contractions without expulsion or failure of 
the device walls. Furthermore, the walls must be sufficiently thick that 
they can be fabricated to a reproducible thickness. In practice, these 
constraints limited the usable range of wall thicknesses to 0.15-0.50 
mm. 


3. The portion of the reservoir to be filled with drug must be less than 
the total length of the device, to allow for plugging the ends, but sufficient 
to allow the reservoir to be filled reproducibly. The desired range of filled 
reservoir lengths is 5-15 mm. 


With reference now to Eq. 3, these constraints and the required range 
of drug release rates define the quantities Q, h, To, and Ti. This equation 
then defines the requisite permeability of the membrane to the drug. In 
the present work, a "normalized flux" is used to express this permeability. 
The normalized flux is the flux, expressed in micrograms per square 
centimeter per day, through a flat sheet membrane 1 mm thick when one 
side of the membrane is exposed to a saturated solution of the permeant 
and the other side is maintained free of permeant. The normalized flux 
is thus DK 4C (or J1 in Eq. 2), and i t  has dimensions micrograms-milli- 
meters per square centimeter-day. The permissible range of normalized 
fluxes that will satisfy all device constraints is 1-6 pg-mm/cm2-day, and 
the desired value is approximately 4 pg-mm/cm2-day. With a single 
rate-limiting membrane material, all the required release rates can he 
achieved, by appropriate changes in reservoir length and wall thickness, 
if the permeability of the membrane to the drug is of this magnitude. 


Permeabilities-Membrane permeability measurements were carried 
out in conventional, two-compartment, stirred glass cells at 37' (Fig. 2). 


cm3. 


*I 70 


30 I 1 I 1 I 1 
14 16 18 20 22 24 
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Figure 4-Weight versus wall thickness for 20-mm long 4.5-mil bore 
Polymer 12 tubing. 


One compartment was filled with a saturated solution of estriol while the 
other compartment was maintained a t  a concentration (<1 ppm) well 
below saturation (-15 ppm for estriol). Stirring sufficient to minimize 
boundary layer efkcts was maintained in both cell compartments. The 
low concentration compartment was sampled periodically by pipetting 
a small, known aliquot and replacing it with fresh solution. 


Test films for permeability measurements were prepared by conven- 
tional methods, i.e., melt pressing or solution casting. Some films were 
used as supplied by the manufacturer. Others were annealed in air to alter 
their permeability. Silicone rubber films were prepared hy melt pressing 
the unvulcanized polymer in the presence of a peroxide catalyst a t  100' 
to effect cross-linking. 


Release rate measurements on assembled devices were made by peri- 
odically suspending the devices from a reciprocating arm in 25-ml vials 
of distilled water at 3'7' for about 1 day (Fig. 3). This elution solution then 
was analyzed. Between release rate measurements, the devices were 
stored in a flowing water bath at 37'. 


The permeability and release rate data were obtained using radiola- 
beled estriol and standard scintillation counting techniques. 


A number of rubbery polymers were initially screened for their per- 
meability to estriol, including three grades of silicone rubber, chlorinated 
polyethylene, three grades of ethylene-vinyl acetate copolymers of 
varying vinyl acetate content, and several ester-based and ether-based 
polyurethanes. 


Device Fabrication-Two types of devices were prepared: animal 
devices, which were simple tubes containing the drug and plugged at  both 
ends, and human devices, which were similar filled tubes sutured to an 
inert cross bar (Fig. 1). 


The tubing was made by dip coating stainless steel rods with a 10% 
(w/v) solution of polyurethane Polymer 12' in tetrahydrofuran. Typically, 
a rod was immersed in the viscous polymer solution and then slowly and 
smoothly withdrawn vertically from the solution with a motor drive. The 
tetrahydrofuran was allowed to evaporate, and the dipping was repeated 
a sufficient number of times to build up a wall of sufficient thickness. 
Once completed, the tubing was removed from the rod by swelling it by 
brief immersion in ethanol or methanol. Ahout 30 cm of the rod was 
coated with polymer, and there was a slight variation in thickness along 
the length of the tubing caused by gravity flow of the polymer solution 
during the removal and drying steps. Therefore, the tubing was cut into 
short lengths, somewhat longer than required for the devices. Thickness 
variation along these segments was not significant. 


All the required devices could be fabricated from tubing made with 
stainless steel rods of three different diameters: 29,45, and 63 mils (0.73, 
1.13, and 1.58 mm, respectively); compensation for wall thickness vari- 
ations could he made through variations in the filled length. Initially, the 
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Figure  5-Estriol desorption from Polymer 12 membranes. 


wall thickness was determined by measuring the outside diameters in- 
dividually with a microscope. Later. however, a simpler and more reliable 
method was developed in which tubing of 20 mm length was weighed and 
a correlation between weight and wall thickness was established (Fig. 4). 
Tubing of a given inside diameter was then simply weighed, and its wall 
thickness was read off the curve. The release rate was then fixed by ap- 
propriate adjustment in the length of the tubing to he filled. 


Devices were prepared by: ( a )  taking a piece of tubing of the correct 
length and selected wall thickness, ( b )  creating a plug of nominally 2-mm 
length in one end with a room temperature-curing silicone resin2, (c )  
filling the tubing with powdered estriol or a suspension of estriol in a 
suitahle drug carrier, including 6- 10% (w/w) of barium sulfate added to 
render the devices radioopaque, and ( d )  sealing the other end with an- 
other 2-mm plug of the silicone resin. A short length of 4-0 nylon 
monofilament, to be used to remove the devices from the animals, was 
then sutured through one plugged end. 


Several liquid carriers for the estriol in the reservoir of the device were 
evaluated, including water, cocoa butter, and a triglyceride’. The eval- 
uation was based on release rate measurements made with devices con- 
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Figure  6--Norma[ized flux of estriol through Polymer 12 membranes 
versus reciprocal temperature. 
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taining a fixed amount of carrier but decreasing amounts of drug to du- 
plicate the depletion that would occur in use. 


All devices were sterilized with pure ethylene oxide for 15 hr by stan- 
dard procedures. 


Clinical devices and the individual components were subjected to a 
series of stability tests. The purityand stability of the estriol prior to and 
during these tests were determined by standard GLC and TLC methods. 
The tests were run for 6 months a t  storage temperatures of 0,25,37, and 
50’. The stability of the components was checked individually, in com- 
bination with one another, and in the presence of water. 


RESULTS AND DISCUSSION 


Pcrmeabilitics-Membrane permeabilities, expressed in terms of 
the normalized tlux, are presented in Table I. The  tabulated results are 
generally averages of two runs on separate films; reproducibility was 
generally quite good. Of the membranes tested, only the polyurethanes 
had the requisite permeahility (Table I) .  The ester-based polyurethanes 
were discounted hecause of their instahility to  hydrolysis during use in 
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Figure ‘I-Eslriol release rate from nominal 0.5-pglday dcuices. The 
range of release rates from tum deuices is shown. 
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Table I-Permeability of Polymers to Estriol 
Normalized Flux, 


Polymer Generic Name rg-mmlcm2-day 


Silicone rubbero 
Silicone rubberb 
Silicone rubberC 
Chlorinated polyethylened 
Chlorinated polyethylene' 
Ethylene vinyl acetatef (9% vinyl acetate) 
Ethylene vinyl acetate8 (1816 vinyl acetate) 
Ethylene vinyl acetateh (40% vinyl acetate) 
Polyurethane (ester)', 
Polyurethane (ester)) 
Polyurethane (ester) 
Polyurethane (ester) 
Polyurethane (ether)"' 
Polyurethane (ether) 
Polyurethane (ether) (' 


<o. 1 
<0.1 
<0.1 
<0.1 
<o. 1 
<o. 1 
4 . 1  


0.8 
<0.1 


0.4 
2.7 
0.3 
1.9 
0.3 
3.3 


0 Dow Corning, 46514. Dow Cornin , 46515. Dow Cornin 46516. Dow 
Chemical, 3623. 4 Dow Chemical, 4213,. fUSI, UE638.8 USI, U&O. DuPont, 
Elvax 40. Goodrich. Tuftane 800. J Uniroval, Rovlar E9. Goodrich, Estane 5702. 
1 Goudrich, Estane 5710. m Uniroyal, Roylar 84N. 
"Goodrich. Estane 5714. 


Upjohn, Pellethane 80A. 


vivo (11). Therefore, a more detailed study of the permeability of 
ether-based polyurethanes was carried out (Table 11). 


Several materials exhibited the required permeability. However, the 
permeability of Polymer 10 and 11 films was history dependent. When 
the manufacturer-supplied film was heated in air for several hours a t  
120', the permeability to estriol increased severalfold. Polymer 12 ap- 
peared to offer the best combination of properties, and all the devices 
were prepared from this material. 


To characterize further the Polymer 12 membranes, the solubility and 
diffusivity of estriol were measured by the sorption-desorption method 
(12).  A film of the polymer was immersed in a saturated aqueous solution 
of estriol until equilibrium was obtained and the film was saturated with 
drug. The film was removed from the solution, rapidly rinsed to remove 
any solution adhering to the surface, and placed in a large volume of pure 
water. The rate of desorption of drug from the film was measured by 
periodically removing and analyzing samples of the water. 


The diffusion coefficient was calculated by applying Fick's second law. 
There are two approximate solutions to this law for the present boundary 
conditions, an early time solution given by: 


Mt - = 4 ( D t / ~ l ~ ) ' / ~  for 0 5 M t / M ,  50.6 (Eq. 4)  
M ,  


and a late-time solution given by: 
8 MI 


M ,  H2 
- 1 - -exp(-r2Dt/12) for 0.4 5 M J M ,  -< 1.0 (Eq. 5) _-  


where M I  is the amount of drug desorbed after time t, M, is the total 
amount desorbed, and 1 is the thickness of the film. 


Typical plots of experimental data, presented in the manner suggested 
by Eqs. 4 and 5, are shown in Fig. 5. From such plots, the diffusion coef- 
ficient of estriol in Polymer 12 was calculated to be 2 X cm2/sec a t  
30'. The solubility of the drug in the polymer, obtained from the same 
data, is 0.2% (w/w). 


An Arrhenius plot of the normalized flux versus temperature is pre- 
sented in Fig. 6. The slope of the line yields an activation energy of 7 
kcal/mole. This value is relatively low, reflecting the rubbery nature of 
the polymer. Thus, a 1' change in body temperature a t  37' would produce 
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Figure 8-Estriol release rate from nominal 1.25- and 3.75-pglday 
devices. The range of release rates from two devices is shown. 


Table 11-Estriol Permeability of Several Ether-Based 
Polyurethanes 


Method of Normalized Flux, 
Polymera Preparation pg-mm/cm2-day 


1 Melt pressed 
2 Melt pressed 
3 Solution castb 
4 Solution cast 
5 Solution cast 
6 Solution cast 
7 Melt pressed 
8 Melt Dressed 


16 
5.8 
5.4 
3.7 
7.7 
2.9 
6.3 
6.5 _ _  


9 Melt a ressed 1.3 
10 Suppeed as film 0.3-0.6 
10 Film heat treated a t  120' for 12 hr 2.4 
10 Solution cast 2.2 
11 Melt pressed 1.4 


12 Solution cast 3.9 
12 Melt pressed 3.3 


a Suppliers and trade names are: Polymer 1, K .  J. Quinn, PE-49 Polymer 2, K. 
J. Quinn, PE-55; Polymer 3, K. J.  Quinn, PE-5j; Polymer 4, K. J. Quinn, PE-18; 
Polymer 5. K. J. Quinn, PE-19; Pol mer 6, Hooker Chemical, Rucothane P-602-3; 
Polymer 7, Uniroyal, Roylar A-895; Folymer 8, Goodrich, Tuftane TF-410 Polymer 
9, American Cyanamid, Cyanaprene 9341; Polymer 10 U john, Pellethane 80A; 
Polymer 11, Upjohn, Pellethane 55D; and Polymer 12, GboBrich, Ektane 5714. b All 
solution-cast films in this table were cast from tetrahydrofuran solutions. 


a 6% change in release rate, an amount too small to he of concern. 
Release Rates-Animal Devices-Release rates from animal devices 


filled with dry estriol are presented in Figs. 7-9. The various release rates 
were achieved by varying the wall thickness of the device as well as the 
length of the reservoir. Long-term constant release rates were obtained 
with all of the devices, usually in reasonable agreement with the target 
release rates. 


Not readily apparent in the figures is the fact that  there was generally 
a complex "burst effect."This effect is more clearly evident in the early 
portion of the release curves; one is shown in more detail in Fig. 10. There 
was an obvious peak in the release rate a t  about 3 days. After approxi- 
mately 10 days, the rate reached a steady-state value. 


For devices freshly prepared, one would expect a "time lag" effect 
where the release rate is initially less than the steady-state value. For 
devices stored under conditions where the estriol is not eluted (e.g., stored 
in air), one would expect a burst effect where the release rate is initially 
higher than the steady-state rate (10). Because of the way the devices were 
stored, the observed release rates did not follow either simple pattern. 


The device depicted in Fig. 10 had been stored in air a t  room temper- 
ature for 2-4 weeks before the release rate measurements were begun. 
During this time, the polyurethane walls became saturated with drug a t  
room temperature. When the device was then taken to 37' for release rate 
measurements, a new equilibrium was approached. It was this disconti- 
nuity in estriol concentration in the wall of the device that resulted in the 
peaked release rate curve shown in Fig. 10. This behavior is typical of that 
obtained throughout this study, although the magnitude and duration 
of the burst effect depended on the device geometry. A similar effect was 
observed in in vitro measurements of release rates of testosterone from 
silicone rubber implant devices (13). 


The burst effect was examined in some detail, because of its effect on 
the early release rate profiles from devices. The time for the flux through 
a cylinder to reach its steady-state value is equal to about four "time lags" 
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Figure 9-Estriol release rate from nominal 3- and g-pglday deuiccs. 
The range of release rates from three devices is shown. 
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Figure 10-Early time estriol release rate from a nominal 12.5-pg/day 
deuice. 


(14), i.e.: 
ri2 - r,,z + (r ,2  t roz)ln(ro/r,) 


D ln(r,,/ri) 
time to steady state = (Eq. 6) 


where r, and ro are the inner and outer radii of the cylinder, respectively, 
and D is the diffusion coefficient. With this expression, the time to reach 
the steady-state release rate from the devices can be computed. 


The results are shown in Fig. 11 as a plot of time to steady state uersus 
ro/rr .  Three plots are presented, one for each of the radii used. The time 
to steady state also is denoted on the figure. There was some variation 
in these times hecause of the range of wall thicknesses used to prepare 
each set of devices. The small-bore, thick-walled devices (i.e., those with 
large r,,/r,) with low steady-state release rates required a long time to 
reach steady state; i .e.,  they exhibited a prolonged burst effect. The 
thin-walled devices with higher release rates had a shorter burst effect. 
Release rates measured after the burst effect agreed reasonably well with 
values predicted on the basis of permeability measurements. 


Release rate data for the 12.5-pg/day animal devices are not presented 
here. The devices prepared for animal studies were, in fact, replicates of 


RADIUS RATIO, r,lri 


Figure 11-Time to  steady state for a cylinder versus rJri. The three 
curues refer to the three inner radii. The times to steady state for all of 
the actual devices are shown. 
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Figure 12-Estriol release rate as a percentage of the release rate of 
a fully loaded deuice versus percent .f drug depleted. 


the clinical devices. The release characteristics of these devices are dis- 
cussed under Clinical Deuices. 


One can predict that the release rate from devices filled with only 
powdered drug will fall with time, because the contact between the drug 
and the inner wall of the device decreases as the device becomes depleted. 
This effect was simulated by preparing devices incompletely filled with 
drug. The measured steady-state release rates, expressed as a percentage 
of the release rate from a completely filled device, are plotted against the 
simulated fractional depletion of drug in Fig. 12. This phenomenon did 
not significantly affect the animal devices, because they contained a 
several years' supply of drug while the in uiuo experiments were designed 
for a duration of only a few months. As discussed in more detail later, drug 
depletion and the resultant reduction in release rate would be important 
in devices intended for long-term use in humans. 


Clinical Deuices-The problem of drug depletion would hecome acute 
for devices in use in uiuo for many months. It can he solved, however, by 
incorporating a suitable liquid carrier within the reservoir. The carrier 
is maintained saturated with drug as long as any solid drug is present in 
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Figure 13-Estriol release rate as a percentage of the rate of a full4 
loaded device versus drug depktion for deurces incorporating different 
carrirr agents 
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Table 111-Summary of Device Release Rates 


Target Release Rate, Actual Steady-State 
Type rglday Release Rate, gg/day 


Two Weeks' S torage  


Animal 


Human 


0.5 
1.25 
3.0 
3.75 
9 
12.5 
12.5 


0.7 
1.5 
3 
3.7 
9 


11 
11 


the reservoir. The carrier thus provides intimate contact hetween the 
inside wall of the device and the reservoir. The concept of using a satu- 
rated solution to achieve a constant driving force within a reservoir dates 
back to Fick's original 1855 paper. The first application of this phe- 
nomenon to achieve controlled release, however, was in 1967 (15). It was 
further described in a U S .  patent in 1969 (16). 


Figure 13 presents the results of carrier tests. Estriol release rate as 
a percentage of the rate of a fully loaded device is plotted versus the drug 
loading expressed as the percentage of drug depletion. All of the carriers 
provided a more nearly constant release over the device lifetime than did 
the dry-filled device. The best results were obtained with cocoa butter, 
which has a solubility for estriol of 70 ug/ml. Therefore, all of the clinical 
devices were prepared with cocoa butter in the reservoir. 


Release rate data from cocoa butter-filled clinical devices are presented 
in Fig. 14. There was again a burst effect, following which zero-order re- 
lease was observed for as long as the test was run. In these experimental 
human devices, sufficient drug was incorporated to sustain a constant 
release rate for more than 1 year. By simply incorporating more drug, a 
device lifetime of a t  least 5 years could be readily achieved. 


Stability of Clinical Devices-GI,C and TLC analyses of the estriol 
and cocoa butter present in the clinical devices showed that hoth agents 
were unaffected by the sterilization procedure. No degradation of the 
components was observed in the stability tests. The release rates of de- 
vices stored for 3 and 6 months are compared with the release rates ob- 
tained with devices placed on test within 2 weeks of preparation in Fig. 
15. A s  can be seen by comparing these plots, there was no significant 
change in release rate on storage. 


SUMMARY AND CONCLUSIONS 


Estriol-releasing IUD's for use in animal studies and T-shaped devices 
that could be used in clinical trials were developed and suhjected to 
stability tests. The release rates from these devices are summarized in 
Table 111. The devices appear to he stable on long-term storage with re- 
spect to both release rate and the chemical nature of the drug and other 
cnmponen ts. 


These devices consist of a simple reservoir containing the drug, sur- 
rounded by a rate-limiting polyurethane membrane. For long-term use, 
it is necessary to include a liquid carrier agent in the reservoir to assure 
intimate contact with the interior device walls. Devices containing suf- 
ficient estriol to provide a constant release rato of 12 ug/day for several 


shr B- ---- - - - T I  


DAYS 


Figure 14--Estriol release rate from clinical devices versus time. The 
range of release rates from four devices is shown. 
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Figure IS-Estnol release rate from clinical devices stored for 2 weeks, 
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years could be made by simple alterations in the geometry of the de- 
vice. 
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Abstract o The inhibition of the spontaneous hydrolysis of heroin in 
fresh dog plasma and hlood ( t  112 = 8 min) is effected by 10 mg of sodium 
fluoride/ml ( t 1 , ~  = 40 min) and 35 pg of tetraethyl pyrophosphate/ml ( t l / 2  
= 415 min). Tetraethyl pyrophosphate is the inhibitor of choice and gives 
the same stability for heroin as in phosphate buffer. Aged plasma loses 
its enzymatic efficiency. Heroin in cerehrospinal fluid hydrolyzes at  rates 
similar to those in buffer. Modified extraction procedures developed for 
enzyme-inhibited plasma a t  pH 4.5 have high extraction efficiencies 
(86-10W) and permit isolation of undegraded heroin from its metabo- 
lites. Separations of heroin and metabolites from enzyme-inhibited 
plaqma were effected by described high-pressure liquid chromatographic 
systems and from TLC with elution of pertinent developed spots. Ef- 
ficiencies of these T1.C recoveries were 81 f 1% for heroin and 82 f 1% 
for morphine. Contrary to the literature, heroin has significant protein 
binding where 4036 of that not hound to an ultrafiltration membrane is 


bound to dog plasma proteins. The apparent partition coefficient is 1.4 
f 0.2 between red blood cells and plasma water, and it is 0.8 f 0.1 between 
red blood cells and dog plasma. 


Keyphrases 0 Heroin-hydrolysis in dog plasma and blood, effect of 
sodium fluoride and tetraethyl pyrophosphate, protein binding and 
partition coefficient evaluated Hydrolysis-heroin in dog plasma and 
blood, effect of sodium fluoride and tetraethyl pyrophosphate 0 Enzyme 
inhihition-by sodium fluoride and tetraethyl pyrophosphate, dog 
plasma and blood, effect on heroin hydrolysis 0 Protein binding-heroin 
in enzyme-inhibited dog plasma 0 Partition coefficient-heroin between 
red blood cells and enzyme-inhihited dog plasma Narcotics-heroin, 
hydrolysis in dog plasma and blood, effect of enzyme inhibitors, protein 
binding and partition coefficient evaluated 


3,6-Diacetylmorphine (heroin) is rapidly hydrolyzed in 
the body to 6-monoacety1m0rphine and then to morphine 
(1-3). These latter compounds, along with morphine 3- 
glucuronide, are the major metabolites of heroin excreted 
in urine (&a), minor or negligible amounts of 
normorphine and its glucuronide as well as morphine 6- 
glucuronide and 6-acetYlmorphin@ were reported in human 
urine after heroin administration (9-1 1). 


BACKGROUND 


Other than the heroin assay of Way et al. (2,3) on homogenized mice 
after intravenous administration of heroin (t1/2 for heroin = -2.5 min), 
the inability to monitor heroin levels in plasma or biological fluid due to 
its fast hydrolysis and/or metabolism has prevented the study of heroin 
pharmacokinetics per se. Pharmacokinetic studies on heroin adminis- 
tration were thus limited to the estimation of half-lives of urinary ex- 
cretions of the major heroin metabolites with apparent t  112 values of 1-3 
hr (8,lO). 
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Abstract 0 Some sesquiterpene lactones and related compounds were 
tested for anti-inflammatory activity in rodents. In the edema-induced 
carrageenan inflammation screen, the a-methylene-y-lactone moiety 
of the sesquiterpene lactones was required for inhibitory activity. The 
6-hydroxy group of helenalin also was required for potency. In the tenulin 
series, the 2,3-epoxy derivatives were marginally active. The same 
structure was required for inhibition of the writhing reflex. In the chronic 
adjuvant arthritic screen, compounds containing the cu-methylene-y- 
lactone moiety, the 8-unsubstituted cyclopentenone ring. and the a- 
epoxy cyclopentenone system afforded significant inhibition a t  2.5 
mg/kg/day. The sesquiterpene lactones were marginally effective against 
induced pleurisy. The delayed hypersensitivity was suppressed by these 
agents whereas immunoglobulin synthesis was slightly stimulated. No 
deleterious side effects were observed with these agents from the limited 
testa performed. 


Keyphrases o Lactones, sesquiterpene-anti-inflammatory activity, 
structure-activity relationships, edema, arthritis, pleurisy, immuno- 
globulin synthesis, rats 0 Anti-inflammatory agents-sesquiterpene 
lactones, structure-activity relationships, edema, arthritis, pleurisy, 
immunoglobulin synthesis, rats Structure-activity relationships- 
sesquiterpene lactones, anti-inflammatory activity 


The anti-inflammatory drugs ethacrynic acid and N -  
ethylmaleimide have been shown to bind sulfhydryl groups 
(1). Cysteine, a sulfhydryl-donating compound, reversed 
the anti-inflammatory activity of these agents, indicating 
that sulfhydryl groups participate in the inflammatory 
process. In addition, the sulfhydryl-binding properties of 
drugs, e.g., salicylates and indomethacin, were related to 
their anti-inflammatory activity (1). Other researchers 
(25) showed that sulfhydryl and disulfide interactions are 
altered in rat adjuvant arthritis, human connective tissue 
disease, and anti-inflammatory drug therapy. 


Mechanism of action studies with sesquiterpene lactones 
showed that the a-methylene- y -1actone and cyclopen- 
tenone moieties undergo Michael-type addition with L- 
cysteine, glutathionine, and a number of sulfhydryl- 
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bearing cell enzymes (6-10). Metabolic studies with 
sesquiterpene lactones in mammalian cancer cells dem- 
onstrated that these agents are potent inhibitors of the 
lysosomal enzymes, oxidative phosphorylation, and protein 
synthesis and that they significantly elevate cellular cyclic 
AMP levels (7,11,12). A number of clinically useful anti- 
inflammatory agents have similar effects on cell metabo- 
lism. Moreover, certain sesquiterpene lactone-producing 
plants, such as Eupatorium formosanum, have been used 
as anti-inflammatory herbal remedies as well as antipyretic 
drugs (13). Thus, it was decided to test these agents for 
anti-inflammatory activity. 


EXPERIMENTAL 


Test Compounds-Twenty-nine sesquiterpene lactones and related 
compounds were studied. Some were natural products isolated from plant 
species by literature techniques (14): helenalin (I) from Balduina an- 
gustifolia (15), tenulin (XI) (6) and aromaticin (XVII) (6, 16) from 
Helenium amarum, eupatolide (XVIII) from Eupatorium formosanum 
(17), deoxyelephantopin (XIX) from Elephantopus carolinianus (18). 
eupahyssopin (XX) from Eupatorium hyssopifolium (19), eupaformo- 
sanin (XXI) from Eupatorium formosanum (20), and molephantin 
(XXII) (21), molephantinin (XXIII) (22), and phantomolin (XXIV) (23) 
from Elephantopus mollis. 


Plenolin (11) was obtained by hydrogenation of helenalin to give a 
compound identical to the naturally occurring product (24). 2,3-Dihy- 
drohelenalin (III), 2,3,11,13-tetrahydrohelenalin (IV), 2,3-epoxyhelenalin 
(IX), and 2,3-epoxyplenolin (X) were chemically modified from helenalin 
(24), as was dimeric helenalin (V) (12), helenalin dimethylamine adduct 
(VI) (25), 2,3-epoxyhelenalin dimethylamine adduct (VII) (26), and 
helenalin pyrrolidine adduct (VIII) (25). 2,S-Dihydrotenulin (XII), 
2,3-epoxytenulin (XIII), isotenulin (XIV), 2,3-epoxyisotenulin (XV), and 
dihydroisotenulin (XVI) were prepared by a literature method (27). 
Thymine a-methylene-y-lactone (XXV) and i t s  corresponding tri- 
methoxybenzoyl ester (XXVI) were prepared by literature techniques 
(28), as was a-methylene-(3,@-dicarbethoxy-y-butyrolactone (XXVIII) 
(29). a-Methylene-y-lactone (XXVII) was prepared by the published 
method (30). 
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The following were purchased from commercial sources: 2-cyclopen- 
tenone' (XXIX), indomethacin* (XXX), phenylb~tazone~ (XXI), di- 
ethylstilbe~trol~, and ethynyl estradio14. 


Anti-Inflammatory Screen-Sprague-Dawley male rats, -160 g, 
were administered test drugs a t  2.5 mg/kg ip in 0.05% polysorbate 80,3 
hr and 30 min prior to the injection of 0.2 ml of 1% carrageenan in 0.9% 
saline into the plantar surface of the right hindfoot. Isotonic saline was 
injected into the left hindfoot, which served as a baseline. After 3 hr, both 
feet were excised a t  the tibiotarsal (ankle) joint according to a modified 
method (31,32), resulting in an average 0.655-g foot weight increase for 
controls. 


Antipyretic Screen-Sprague-Dawley rats, -200 g, were adminis- 
tered 2 ml of 44% baker's yeast solution subcutaneously (31) 18 hr prior 
to the injection of drugs a t  2.5 or 5 mgkg ip, resulting in an average body 
temperature elevation of 3.46 OF. Rats were also administered 0.25 mg 
of Mycobacterium butyricumb (33) subcutaneously prior to drug ad- 
ministration. Rectal temperatures were taken a t  0,2,4,  and 6 hr. 


Analgesic Screen-The hot-plate-tail flick method (34) was em- 
ployed with CFI male mice, -30 g, who were administered test drugs a t  
20 mg/kg ip 5 min prior to the analgesic test. Normal reaction time was 


1 Aldrich. * Merck Sharp and Dnhme 
3 Geigy. 
4 Sigma 
5 Difco. 


<I, 


XXI 
XXII:R = H 


XXIII: R - CH:, 


9.3 sec. Morphine, 10 mg/kg, increased the reaction time to over 1 
min. 


The writhing reflex was also utilized. Mice were administered test drugs 
a t  20 mg/kg ip 20 min (35) prior to the administration of 0.5 ml of 0.6% 
acetic acid (36). After 5 min, the number of stretches, characterized by 
repeated contractures of the abdominal musculature accompanied by 
extension of the hindlimbs, was counted for the next 10 min. The control 
mice averaged 78 stretch reflexed10 min. 


Chronic Adjuvant Arthr i t ic  Screen-Male Sprague-Dawley rats, 
-160 g, were injected a t  the base of the tail with 0.2 mi of 100 mg of dried 
M. butyricum solution and 40 mg of digitonin in 20 ml of light mineral 
oil (37). Test drugs were administered on Day 3 through Day 30 a t  2.5 
mg/kg/day ip. Animals were sacrificed on Day 21, and the feet were ex- 
cised and weighed. Control animals achieved a 0.830-g average net weight 
gain. 


Pleurisy Anti-Inflammatory Screen-Sprague-Dawley rats were 
administered test drugs at 2.5 mg& ip 1 hr before and 3 hr after injection 
into the pleural cavity of 0.05 ml of 0.316% Evan's Blue and carrageenan 
(38). Six hours later, the rats were sacrificed, and the fluid was collected 
from the pleural cavity. Control rats produced an average 2.5 ml of 
fluid. 


Passive Cutaneous Anaphylaxis Screen (Antial1ergy)-Egg al- 
bumin (10 mg/kg) with 1.5 ml of Bordetella pertussis vaccine (8 pro- 
tective units/ml) was used to induce homocytotropic antibody production 
in Sprague-Dawley male rats (39). Blood was collected by tail vein 
bleeding, and the serum was separated and frozen. New rats were shaved, 
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and 0.1 ml of serum antibodies (diluted 1:2 with isotonic phosphate saline 
buffer) was injected intradermally a t  three sites. Forty-eight hours later, 
the rats were given test drugs a t  2.5 mg/kg ip. The rats were challenged 
45 min later intravenously with 0.3 ml of 1% egg albumin in pH 7.2 iso- 
tonic saline and 0.25% solution of Evan's Blue. The animals were sacri- 
ficed 30 min later, and the blue wheals were measured a t  the serum 
antibody injection sites (40,41). Control animals gave an average response 
of 22.4 mm (diameter). 


Histamine-Induced Anaphylaxis or Hypersensitivity-Female 
HLA-SW mice, -35 g, received 0.15 ml of reconstituted B. pertussis 
vaccine in 0.996 saline intravenously 4 days prior to the administration 
of test drugs a t  20 mg/kg. Histamine base (1 mg) was injected intraperi- 
toneally 30 min later (42). Histamine anaphylaxis resulted in 88% mor- 
tality for the control animals. 


Antibody Production-CF1 male mice, -30 g, were administered 
sheep red blood cells as an antigen intraperitoneally. On Days 2-4, test 
compounds were administered a t  5 and 10 mg/kg/day. On Day 5, the 
spleens were removed and the lymphocytes were harvested. Lymphocytes 
were incubated with sheep red blood cells and guinea pig complement 
on 1% agarose slides according to the Jerne plaque microassay technique 
(43). and the plaques were counted. The control animals produced 275 
plaquesll06 lymphocytes. Animals were treated similarly with chicken 
red blood cells, blood was collected by tail vein bleeding on Day 5, and 
the serum was separated. Chromium 51 was incubated with, and taken 
up by, chicken nucleated red blood cells (44). Labeled cells were then 
incubated with serum antibodies from the mice. Normal mouse serum 
resulted in an average 22% release of chromium 51 from the chicken red 
blood cells and a maximum 95% release with 3% acetic acid. 


Mitogenic Teet-CF1 male mice were given helenalin (I)  a t  5 mg/kg 
2 hr prior to sacrifice or on Days 1-3 and 10 pCi of [14C-rnethyl]thymidine 
(49.2 mCi/mmole) was injected intraperitoneally on Day 4 (6). After 1 
hr, the mice were sacrificed, the spleen was excised, and lymphocytes were 
prepared. The I4C-thymidine incorporation into lymphocyte deoxyri- 
bonucleic acid was determined. In an analogous manner, spleen lym- 
phocytes from 2 hr-treated mice were analyzed by radioimmunoassay 
for cyclic AMP. 


IleIayed Hypersensitivity Screen-Sprague-Dawley rats, -160 g, 
were administered methylated bovine serum albumin as antigen sub- 
cutaneously on Days 0 and 7 (45-47). Test drugs were administered daily 
a t  2.5 mg/kg ip. On Day 21, the rats were challenged with antigen injected 
into the right plantar footpad. The left hindfoot acted as the control. 
Animals were sacrificed 24 hr later, and the paw weight was obtained. 


In the second experiment, rats were administered chicken egg albumin 
a i ~  antigen on Days 0 and 7. However, dosing with test compounds a t  2.5 
mg/kg only occurred on Days 18-20. The methylated bovine serum al- 
bumin resulted in a net increase of 119 mg whereas the egg albumin re- 
sulted in a net increase of only 46 mg upon challenge with the respective 
antigens. 


Antifertility and  Teratogenic Effects of Drugs-CF1 female mice, 
-30 g, were administered test compounds at 6 mg/kg/day for 28 days. On 
Day 10, they were exposed to males (two females per male) for the re- 
mainder of the experiment. On Days 27-30, pregnant females were sac- 
rificed and the number of viable fetuses and intrauterine deaths were 
tabulated (48,49). Fetuses were examined for teratogenic effects by lit- 
erature methods (50). Uterotropic effects were determined in female rats, 
-50 g, by published methods (51), 


Adverse Side Effects-Central nervous system (CNS) effects such 
as drowsiness, convulsions, hyperexcitability, and reflex activity loss were 
determined by observation of all animal species used in the screens a t  
various doses. Ulcerogenic (estrogenic side effects) tests were carried out 
in Sprague-Dawley rats, -160 g, who were administered test drugs a t  2.5 
mg/kg/day for 3 weeks. After food had been removed for 18 hr, the last 
dose was administered on Day 21. Four hours later, the rats were sacri- 
ficed and the gastric and duodenal linings were examined for bleeding 
and/or ulcers (52). 


In an analogous experiment, animals were bled on Day 21 by tail vein 
and the red and white blood cells were counted in a hemocytometer and 
expressed as numbers of cells x 1@/cm3. Hematocrits were also obtained 
(53). In oitro effects of test drugs on aerobic respiration of rat liver ho- 
mogenates were also determined a t  0.75 pmole as previously outlined 
(12). 


RESULTS 


In the edema-induced inflammation test, a t  2.5 mg/kg twice, 111, IX, 
X, XIII, XIX, XX, XXIV, and XXV caused a t  least 40% inhibition, while 
I caused 72% inhibition (Table I). A t  2.5 or 5 mg/kg, the sesquiterpene 


Table I-Anti-Inflammatory Activity of Sesquiterpene Lactoues 
and Germacranolides 


Percent Control 
Anti- 


Inflammatory Writhing 


Sprague- CFI 


Rats, 2.5 mg/kg 20 mg/kg, 


Screen, Reflex, 


Dawley Mice, 


Comoound (n = 8) twice. jl f SD i f SD 
~ ~~ ~~~ 


I Helenalin 28 f 15" 7 f 3; 
I1 Plenolin 8 9 f 1 6  8 3 f 8  


I11 2,3-Dihydrohelenalin 51 f 19" 50 f 11" 
IV 2,3,11,13-TetrahydroheIenalin 96 f 15 93 f 13 
V Dimeric helenalin 68 f 11" 64 f 5" 


VI Helenalin dimethylamine 7 4 f  16b 7 9 f 8 "  
adduct 


dimethvlamine adduct 
VII 2,3-Epoxyhelenalin 


VIII Helenalin yrrolidine adduct 
IX 2,s-Epoxyielenalin 
X 2,3-E oxyplenolin 


XI Ten& 
XI1 2,3-Dihydrotenulin 


XI11 2,3-Epoxytenulin 
XIV Isotenulin 
XV 2,3-Epoxyisotenulin 


XVI 2,3-Dihydroisotenulin 
XVII Aromaticin 


XVIII Eupatolide 
XIX Deox elephantopin 
XX Eupaiyssopin 


XXI Eupaformosanin 
XXII Molephantin 


XXIII Molephantinin 
XXlV Phantomolin 
XXV Thymine a-methylene-y- 


XXVI Trimethoxybenzoyl ester 


XXVII a-Methylene- lactone 
XXVIII a-Methylene-]&dicarbeth- 


lactone 


of thymine lactone 


75 f 13b 


72 i 16b 
54 f 3" 
49 f 7 
84 f 18 
93 f 8 
57 f 19" 
84 f 17 
69 f 9" 
92 f 15 
65 f 6" 
70 f 12" 
49 f 11" 
43 f 6" 
69 f 8" 
67 i 8" 
68 i i T b  
54 f 19" 
57 f 7" 


83 f 9' 


64 f 13" 
75 f l l b  


86 f 7c 


73 f 6" 
47 f 5" 
I1 & 12 - ~- 
95 f 7 
81 f 8" 
28 f 6" 
87 f 12 
64 f 9" 


101 i 16 ~ ~~~ 


77 f 11" 
64 f 9" 
47 f 7" 
32 f 5a 
62 f 5" 
46 f 8" 
53 f 6" 
53 f 9" 
59 f 7" 


69 f 7a 


78 f 5" 
- 


oxy-y-butyrolactone 
XXIX 2-Cyclopentenone 7 7 f  13b 7 9 f 8 "  


43 f 7" XXX Indomethacin (10 rng twice) 
XXXI Phenvlbutazone (50 me twice) 53 f 13" - 


22 f 8" 


XXXII 0.05% PdysorbaG 80 - 1 0 0 f 1 2  1 0 0 f 9  
(0.655 e) 


Pl , ... 


a p = 0.001. * p = 0.005. p = 0.010, 
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Table 11-Antiarthritis Screen Test Drugs in Sprague-Dawley 


ComDound (2.5 mdkg for 3 weeks) ( n  = 6) Percent Control 


0.05% Polysorbate 80 
I 


VI 
IX 
XI ..~ 


XI1 
XI11 
XIV xv 


XVIII 


100 (0.830 g) 
23 
59 
54 
47 
92 
33 
47 
37 
70 


XIX 31 
xx 34 


XXII 40 
XXVII 17 


X X X  (10 mg/kg/day) 55 


Table 111-Antipleurisy Activity of Sesquiterpene Lactones in 
Rats  


Compound (2.5 mg/kg/day) 
(n = 6) Fluid Increase, ml Percent Control 


0.0596 Polysorbate 80 2.50 - 
I 2.02 81 


X I  1.58 63 - _. 


XIX xx 
1.50 60 
1.60 64 


Table IV-Passive Cutaneous Anaphylaxis Test of Antiallergy 
Effects in Rats 


Antigen Challenge, 


( n  = 8) Diameter. cm Percent Control 
Compound (2.5 mg/kg/day) Average 


0.05% Polysorbate 80 2.24 
I 1.67 


XI 1.65 


- 
74 
73 


XIX 2.04 91 xx 1.78 79 


lactones afforded no activity against induced hyperpyrexia in rats. In the 
hot-plate test, which more closely relates to narcotic analgesic activity, 
these analogs were inactive at  20 mghg. The writhing reflex text  (Table 
I),  which is more closely related to inflammation pain, showed that 111, 
IX, XIII, XIX, XX, and XXII-XXV caused greater than 40% inhibition; 
I caused 93% reflex inhibition; XI11 caused 72% inhibition; and XX caused 
68% inhibition. Compounds I,  XII, XV, XIX, XX, and XXVII a t  2.5 
mg/kg/day caused greater than 60% inhibition of induced adjuvant ar- 
thritis in rats (Table 11). Compounds VI. IX, XI, XIV, and XXII showed 
greater than 40% inhibition. 


In the antipleurisy screen, I, XI, XIX, and XX caused 2040% inhibi- 
tion of pleural edema a t  2.5 mg/kg twice (Table 111). These same com- 
pounds offered only minimal protection in the passive cutaneous ana- 
phylaxis text (antiallergy) in rats (Table IV) and offered no protection 
against histamine-induced anaphylaxis in mice. 


The sesquiterpene lactones (I, XI, and XXIX) caused a slight, but 
significant, increase in serum immunoglobulin production in mice (Table 
V). Chromium 51 release from nucleated chicken red blood cells also 
demonstrated the increase in antibody synthesis after I and XI admin- 
istration. Sesquiterpene lactones suppressed T cell delayed hypersensi- 
tivity with both methylated bovine albumin and chicken egg albumin 
(Table VI). Short-term dosing prior to antigen challenge caused the most 
suppression of T cell function compared to continued dosing, although 
different antigens were used. Compound I caused 81% inhibition, XI 
caused 32% inhibition, XIX caused 68% inhibition, and XX caused 47% 
inhibition. Compound I demonstrated 46% inhibition of delayed hy- 
persensitivity to methylated bovine serum albumin. Helenalin (I) was 
judged to have mitogenic effects on spleen lymphocytes since 5 mg/kg/day 
resulted in a 342% increase in W-thymine incorporation into DNA after 
2 hr and a 445% increase after 3 days. Cyclic AMP levels were reduced 
51% after 2 hr. 


The sesquiterpene lactones had no effects on fertility in mice a t  6 
mg/kg/day (Table VII). The viable fetuses and intrauterine deaths were 


Table  V-Jerne Plaque: Immunosuppressant/Stimulation 
Activity of Sesquiterpene Lactones in CFI  Male Mice 
Administered 0.2 ml of SheeD Ervthrocvtes 


Jerne Plaque, Chromium 51, 
comDounda %control % released 


____ ~~ 


0.05% Polysorbate 80 100 f l l b  22.2' 


XXIX (0.25 mg/day) 140 f 12 - 
Melphalan (0.1 malday) 5 1 f 8  - 


I (0.125m /da ) 138 i 11 65.9 
123 f 11 76.3 
104 f 9 - 


XI (0.25 mgydayy 
XIX (0.25 mg/day) 


0 Intraperitoneal administration on Days 24. * 275 plagued106 spleen cells. 
Maximum release 95%. 


Table VI-Effects of Sesquiterpene Lactones on Delayed 
Hypersensitivity in  Rats  


Methylated Bovine 
Egg Albumin Serum Albumin 


Compound (2.5 mg/kg/day) mg % mg % 
( n  = 6) Increase Control Increase Control 


~~ 


0.05% Polysorbate 80 46.1 - 119 - 
I 8.6 18.6 64 54 


XI 31.2 68.0 112 94 
XIX 14.9 32.0 86 72 xx 24.5 53.1 93 78 


Table VII-Effects of Sesquiterpene Lactones on Reproduction 


Fertility in CF1 Female Mice 
Compound ( n  = 8) % Pregnant Viable Fetuses per Litter 


I (6 mg/kg/day) 100 
XI (6 mg/kg/day) 100 
Diethylstilbesterol 0" 
1% Carboxymethylcellulose 100 


1 1 f 2  
9 f 3  
00 


1 2 f 3  
Uterotropic Effects in Rats, 


mg increase 


I (20 mg/kg/day) 63 f 5 
73 f 7 


XX (20 mg/kg/day) 87 f 10 
Eth nyl estradiol(10'g /kg/day) 184 f 9" 
1% 6arboxymethylcellufose 84 f 8 


Compound ( n  = 6) 


XI (20 mg/kg/day) 


0 p = 0.001. 


within normal control limits. No teratogenic or congenital abnormalities 
were noted in the viable fetuses. The sesquiterpene lactones had no es- 
trogenic effects on immature female rats. After 3 weeks of drug admin- 
istration in rats, no gastric or duodenal bleeding or ulcerogenic effects 
were noted. White and red blood cell counts were within normal control 
limits, and hematocrit values were also normal. No abnormal CNS effects 
were observed in any of the animals while being administered drugs. 
Sesquiterpene lactones a t  equivalent doses had no effect on liver aerobic 
respiration. In Tables I-VII, the number of animals per group is expressed 
as n ;  the mean of the percent of control and standard deviation is ex- 
pressed as P f SD. The significance level p was determined by the Stu- 
dent t test (54). 


DISCUSSION 


The genera1 anti-inflammatory screen of induced edema by carra- 
geenan demonstrated that the a-methylene-y-lactone sesquiterpene 
lactone moiety and related compounds (compare I-XXIX) was required 
for activity. When the 11.13-methylene group wassaturated (11) or oth- 
erwise masked (XI), significant activity was lost. Among the compounds 
studied, helenalin (I), which contains a cyclopentenone ring in addition 
to this essential a-methylene-y-lactone moiety, was the most active. The 
6-unsubstituted cyclopentenone ring (XXIX) demonstrated minimal 
inhibitory activity and probably is responsible for the slight anti-in- 
flammatory activity of 11, XI, and XIV. Saturation of the 2,3-double bond 
resulted in the loss of this slight activity, as seen with IV, XII, and XVI, 
and the reduced activity of 111. 


The 6-hydroxy group of helenalin may play a significant role in receptor 
binding since esterification (as in V) or elimination of this group (as in 
XVII, which has a transfused lactone ring) drastically reduced anti-in- 
flammatory activity. The 2,3-epoxy derivatives in the tenulin and iso- 
tenulin series (XI11 and XV) afforded increased anti-inflammatory ac- 
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tivity; however, the 2,3-epoxy of helenalin (1x1 did not improve the 
anti-inflammatory activity of helenalin. If the a-methylene-y-lactone 
was converted to the dimethylamine adduct (VI) or the pyrrolidine ad- 
duct (VIII), activity was reduced. The adducta may be hydrolyzed slowly 
in uiuo to give back the a-methylene-y-lactone, which would account for 
the observed activity. Here again, the 2,3-epoxy derivative (VII) of the 
dimethylamine adduct caused no increase in activity. 


The structural types of sesquiterpene lactones might affect their 
anti-inflammatory potency; thus, the pseudoguaianolide 2,3-dihydro- 
helenalin (III,49?6 inhibition) is more active than the germacranolide, 
eupatolide (XVIII, 30% inhibition). The difference in the degree of po- 
tency (57-30%) among the germacranolides tested (XVIII-XXIV) might 
be due to their dissimilar conformations as well as to functional groups, 
e.g., eupahyssopin (XX) which, in addition to the essential a-methy- 
lene-y-lactone moiety, contains an allylic ester, an epoxy ring, and a 
primary hydroxyl group, any one of which may be responsible for the 
additional activity. The simple a-methylene-y-lactones (XXVII and 
XXVIII) caused minimal anti-inflammatory activity, indicating again 
that there are other steric requirements for potent pharmacological ac- 
tivity. 


The writhing reflex test demonstrated the same structural require- 
ments as did the general anti-inflammatory screen; i.e., the a-methy- 
lene-y-lactone in the cis-position with relation to the central cyclohep- 
tane ring resulted in the best activity. Here again the 6-hydroxy group 
of the cycloheptane ring appeared to play a functional role and the 
8-unsubstituted cyclopentenone ring resulted in only minimal activity. 
Of the germacranolides tested, eupahyssopin and deoxyelephantopin 
again showed the best inhibitory effects. The simple a-methylene-y- 
lactones possessed only minimal activity. In the chronic adjuvant arthritic 
screen, a t  a relatively low dose, the simple a-methylene-y-lactone 
(XXVII) possessed the best inhibitory activity against arthritis. 


Helenalin (I), which contains both the a-methylene-y-lactone moiety 
and 8-unsubstituted cyclopentenone ring, was very potent. The di- 
methylamine adduct (VI) of helenalin showed less activity, as did the 
2,3-epoxy derivative (IX). In the tenulin series (XI and XIV), the j3-un- 
substituted cyclopentenone appeared to play a major role in inhibitory 
activity against arthritis. Saturation of the ring led to loss of activity (XII). 
The tenulin epoxy derivatives (XI11 and XV) had improved activity. Of 
the germacranolides tested, the allylic ester- bearing deoxyelephantopin 
(XIV), eupahyssopin (XX), and molephantin (XXII) all were more active 
than the simple germacranolide, eupatolide (XVIII). Thus, the structural 
requirements for chronic arthritic inhibition were not as rigid as those 
for general anti-inflammatory activity. 


The sequiterpene lactones at 2.5 mgkg had only marginal inhibitory 
effects in the pleurisy screen, with helenalin (I) having less effect than 
the germacranolides. As antiallergy agents, the sesquiterpene lactones 
were essentially inactive. The effects of these agents on the immunological 
system were twofold. First, the serum antibody production seemed to be 
elevated with agents containing the 8-substituted cyclopentenone ring. 
Second, T lymphocyte production seemed to be depressed, with helenalin 
(I) having the best effects. The mitogenic effects of helenalin would ex- 
plain the immunostimulant effects on B cells. 


Chronic arthritis in humans has been treated with BCG vaccine, le- 
vamisole, tilorone, and various immunological fractions like transfer 
factor, which are immunostimulants (55,56). Complement, T cells, and 
IgM of rheumatoid factor have been found in the joint synovium or 
pannus (57-59). The exact etiology of rheumatoid arthritis is unknown. 
I t  is believed to be related to persistent viral (60, 61), mycoplasma, or 
bacterial infection or to an autoimmune disease due to uncoiled IgG au- 
toantibody formation and a deficiency of suppressor T cell function (62). 
Substances of T cells, e.g., lymphotoxin, migration inhibition factor 
(MIF), and blaetogenic factor, were found in the synovial fluid of patients 
with rheumatoid arthritis (63,64). For these reasons, immunosuppressors, 
eg., azathioprine, cyclophosphamide, D-peniciuamine (56), and gold (55), 
are used. Whether elevated T cell responses are due to the primary 
pathogenesis of chronic arthritis or to secondary changes in the disease 
state, e.g., response against phagocytic products or vasoamine release, 
is not known. Thus, the sesquiterpene lactones offer an alternative to the 
current anti-inflammatory therapy. The dose required for antiarthritic 
activity is relatively low compared to marketed drugs. No deleterious side 
effects were noted in rodents with the sesquiterpene lactones a t  the doses 
employed. The exact mode of action as antiarthritic agents is being 
studied. 
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Abstract The simultaneous solubilization of some androgens and 
estrogens in aqueous polysorbate 40, tetradecyltrimethylammonium 
bromide, and sodium lauryl sulfate was studied. The solubilizations of 
estradiol and testosterone were independent of each other in all three 
association colloids. However, if the estrogen component was ethinyl 
cstradiol, the soluhilization was dependent on the addition order. The 
estrogen precipitates more readily than testosterone in polysorbate 40 
and tetradecyltrimethylammonium bromide, but the opposite is true in 
sodium lauryl sulfate. The simultaneous solubilizations of methyltes- 
tosterone or ethisterone with the estrogens tested were different from 
those of testosterone. The solubilization behavior of the steroids is dis- 
cussed, starting with the pseudophase model and different solubilization 
loci. Results indicated that the free energy change of micellar binding, 
LGb. decreases with increased steroid polarity. The simultaneous solu- 
bilization cannot be predicted by ACb but may be explained by differ- 
ences in the solubilization mechanism. 


Keyphrases 0 Solubilization-androgens and estrogens in various as- 
sociation colloids 0 Androgens-solubilization in various association 
colloids D Estrogens-solubilization in various association colloids 


The solubilization of poorly soluble drugs is of great 
pharmaceutical interest. The surfactants used may be 
important in drug bioavailability (1). 


The solubilization of steroid hormones by aqueous so- 
lutions of surfactants was reviewed previously (2). More 
recent reports (3-7) indicated that solubilization continues 
to be of interest. 


A recent report from this laboratory (8) dealt with the 
simultaneous solubilization of estrogens and Cnl-steroids 


in aqueous solutions of association colloids. The poorly 
soluble estrogen, estradiol, solubilized independently of 
the Czl-steroids, whereas the solubilization of ethinyl es- 
tradiol was independent of corticosterone and hydrocor- 
tisone but dependent on the presence of progesterone and 
desoxycorticosterone (21-hydroxyprogesterone). 


This report deals with the dissolution behavior of es- 
trogens and androgens simultaneously solubilized in 
aqueous solutions of three association colloids chosen as 
representatives of nonionic, cationic, and anionic types. 


EXPERIMENTAL 


Materials-Purification methods and the tests of purity of the steroid 
hormones and the association colloids were described previously (8). The 
association colloids used were sodium lauryl sulfate’, tetradecyltri- 
methylammonium bromide*, and polysorbate 40“. 


Solubilization Experiments-The solubility studies were carried 
out as previously described (8). The procedures were: saturation of the 
solution of association colloid with the first steroid and quantitation of 
solubilized steroid, saturation with the second steroid, and, finally, UV 
spectroscopic quantitation of both solubilized steroids. Special notice 
was paid to complete equilibration of the solutions. The soluhilization 
temperatures were 20° for tetradecyltrimethylammonium bromide and 
polysorbate 40 and 40’ for sodium lauryl sulfate. 


The UV absorbance of the steroid solutions was recorded a t  around 


Koch-light Lahoratories. 
K & K Laboratories. 
Tween 40, Atlas Chemical Industries 
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garding effective concentration influences. The in uit ro system for 
measuring drug release could not distinguish between these two systems 
due to the large receptor medium volume. The effective concentration 
parameter was swamped by the excess receptor fluid. However, this result 
did not occur in oioo due to the limited volume (about 7 pl) of precorneal 
fluid present. This finding also points out problems that can arise when 
such in oitro tests are used to predict in uioo performance for systems 
containing high effective drug concentrations. 


The in vivo data for these two vehicles (Fig. 1) may not reflect the 
fivefold difference in effective concentration since the aqueous humor 
levels produced by the Absorption Base B-25% water vehicle were de- 
creased hy less than one-half those values achieved by the Absorption 
Base R-5% water vehicle. However, these results were quite reasonable 
if the dilution factor arising from the normal resident tear pool volume 
(7.5 P I )  was considered. The water volume in a 25-mg dose of the Ab- 
sorption Base B-25% water vehicle was 6.25 pl, with one-fifth this amount 
(1.25 PI )  being present in an equivalent dose of the Absorption Base B-5% 
water vehicle. If each volume were to be mixed with the tear pool, the 
calculated decrease in precorneal drug concentration would he no more 
than 40%. Of course. such mixing would not be instantaneous in either 
case, but these considerations do explain the observed results. 


The data in Fig. 4 show that the Absorption Base A-5% water vehicle 
was able to release more pilocarpine in oivo cia shearing than was the 
Absorption Base A anhydrous vehicle. Inspection of the in oioo data 
presented in Fig. 1 also shows the emulsion system to be superior. The 
reason for this result may be that as the percent water in the vehicle is 
reduced to zero, the rate-controlling process is switched from mechanical 


rupture of the emulsion to dissolution or diffusion control. Further work 
to determine this mechanism is indicated. 


A shearing component is a necessary feature for in uitro-in uioo data 
correlations with ophthalmic ointments. Since some form of shearing 
action, such as inunction, is common to nearly every semisolid topical 
dosing system and to many parenteral products, this parameter should 
have almost universal importance. 


These studies show that significant drug bioavailability increases can 
be achieved by careful design of a system that incorporates shear-facili- 
tated drug release. More importantly, the results also demonstrate that 
such systems can he used to reduce the total drug amount required for 
topical ophthalmic dosing. This implies a reduced systemic drug load and 
decreased side effects, particularly important points for pediatric 
dosing. 
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Abstract 0 The apparent aqueous solubility of the water-insoluble cy- 
totoxic agent, chartreusin, was increased a t  neutral pH in the presence 
of hydroxybenzoates. Water molecules play an important role in the 
chartreusin conformation. Studies included solubility and spectral ex- 
aminations. The weakest and strongest interactants with chartreusin were 
sodium benzoate and sodium trihydroxybenzoate, respectively, while 
the effect of mono- and dihydroxybenzoates was intermediate. A 
plane-to-plane orientation of chartreusin and the ligand molecules 
brought together hy electrostatic and hydrophobic interactions is pos- 
tulated. The dramatic chartreusin aqueous solubility increase relative 
to its aglycone, chartarin, under similar conditions was best rationalized 
by micellization. 


Keyphrases 0 Chartreusin-aqueous solubility enhanced by hydrox- 
yhenzoates, conformation o Hydroxybenzoates-electrostatic and hy- 
drophobic interactions, stahility constants 0 Cytotoxic agents-chart- 
reusin, aqueous solubility enhanced by hydroxybenzoates o Antineo- 
plastic agents, potential-chartreusin, aqueous solubility enhanced by 
hydroxybenzoates 


Chartreusin’ (I)  produced by Streptomyces chartreusis 
was originally reported in 1953 (l), but its chemical 
structure was not fully elucidated until 1964 (2, 3). The 
chartreusin aglycone, chartarin (111, possesses essentially 
a planar ring system. The phenolic group at  C-10 is gly- 
cosidically (p)  bound to a D-fucose, which, in turn, is linked 


* Benzo[h~[f~benzopyrano[5.4,3-r~e][~]~nzop~an-S,lZ~dione, 10-[[6-deoxy-Z- 
O-~6-deoxy-3-O-methyl-n-D-gelactopyrant~syl~-~-D-galactopyranosyl~oxy]-6-hy- 
droxy-1 -methyl .  


\ H  
0 


I 
by an a-glycosidic linkage to D-digitalose. Chartreusin has 
exhibited substantial chemotherapeutic activity in mice 
against the P-388 and L-1210 leukemias and, to some ex- 
tent, against €316 melanoma (4). Biochemical studies 
demonstrated that I binds to DNA and inhibits RNA and 
DNA syntheses (5). 


Low chartreusin solubility (15 pg/ml) inhibits prepa- 
ration of reasonably concentrated aqueous solutions. Al- 
though the solubility may be increased to 2 mg/ml at a high 
pH (>9), these solutions may be irritating and incompat- 
ible with physiological fluids. More importantly, signifi- 
cant irreversible decomposition of these solutions is evi- 
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dent within a few hours at  room temperature. However, 
at  neutral pH, various hydroxybenzoic acids increase 
chartreusin solubility. 


This report describes the preparation of relatively 
concentrated aqueous chartreusin solutions and the 
qualitative and quantitative nature of the interactions with 
various mono-, di-, and trihydroxybenzoic acid sodium 
salts. 


EXPERIMENTAL 


Materials-Benzoic acid, salicylic acid, m-hydroxybenzoic acid, p- 
hydroxybenzoic acid, 2,4-dihydroxybenzoic acid, 2,5-dihydroxybenzoic 
acid, 2,6-dihydroxybenzoic acid, and 2,4,6-trihydroxybenzoic acid from 
the same commercial source2 were used directly?. Chartreusin4 (NSC- 
5159), mp 246-249O (benzene-methylene chloride), and chartarins, mp 
311-314' [lit. (2) mp 315-316"], were used as received. All other chemicals 
were analytical reagent grade and were used without further purifica- 
tion. 


Solubility Studies-Ligand stock solutions of known concentrations 
were prepared by dissolving the necessary ligand quantities in equimolar 
amounts of aqueous sodium bicarbonate solution. Excess chartreusin or 
chartarin was added to 15-ml screw-capped vials containing different 
aliquots of the proper stock ligand solution, and sufficient water was 
added to yield 10 ml of aqueous media. The vials were stirred mechani- 
cally in a constant-temperature water bathfi (25 f O.lo) .  T o  prevent ex- 
cessive hydroxybenzoate oxidation and to avoid chartreusin or chartarin 
hydrolysis, no samples remained in solution for more than 48 hr. Chart- 
reusin and chartarin were stable in these solutions (pH - 6.07) during 
the study period, which was sufficient to ensure equilibrium with all li- 
gands tested. 


The mixtures were centrifuged for 5 min a t  25O and then filtereds. An 
aliquot of the filtrate was diluted quickly with a small amount of water, 
and the resulting solution was extracted with fixed volumes of chloroform. 
The combined organic extracts were dried over anhydrous sodium sulfate, 
filtered, and diluted to the desired volume with additional dry chloroform. 
The solubilized chartreusin concentration was then measured spectro- 
photometricallyg. The extraction procedure was necessary due to the 
limited chartarin solubility in water. 


Following extraction with chloroform, the ligand concentration in the 
aqueous phase accounted for most (>98%) of the original ligand present 
as measured spectrophotometrically in the UV region. These same 
aqueous solutions had no absorption in the visible region, thus indicating 
that chartreusin and chartarin had partitioned essentially completely 
into chloroform and that the measured chloroform solution absorbances 
were due only to the free forms. The I and I1 concentrations were calcu- 
lated from appropriate Beer-Lambert plots; I, Amax (chloroform): 424 
(log c 4.31) nm; and 11, A,,, (chloroform): 427 (log c 4.26) nm. 


The chartreusin and chartarin solubility diagrams were obtained a t  
25 f 0.1" by plotting the observed solubilities against the added benzoate 
concentrations. The apparent stability constants for both compounds 
were calculated by the solubility method (7). 


Precise solution surface tension'O measurements were obtained using 
the Ring method by direct reading (dynes per centimeter). 


RESULTS AND DISCUSSION 


The solvent effects on the UV-visible spectra of chartreusin (0.025- 
0.027 X M) in chloroform, ethanol, and water are shown in Fig. 1. 
The noticeable spectral perturbations in the strong protic solvent, water, 
may indicate intramolecular associations. These observations, based on 


* Aldrich Chemical Co., Milwaukee, WI 53233. 
3 When used at the proper concentrations, the materials received were found 


to contain no significant impurities that interfered with chartreusin absorption 
in the region studied. 


4 Chartreusin occurs in several crystalline forms, and its melting point varies 
according to the degree of hydration and the recrystallization solvent, i t ,  mp 180' 
acetone ( l)] ,  mp 184-186' (methylene chloride-ethanol (6)], and mp 244-246' 
benzene-methylene chloride (5) 


6Cancer Research Unit, The h john Co., Kalamazoo, MI 49001. 
6 Haake model E52, Haake, SaBdle Brook, NJ 07662. 
7 Beckman Zeromatic pH meter, Beckman Instruments, Irvine, CA 92664. 
8 Miller, 0.45- m Millipore filter,  Bedford. MA 01730. 


lo Du Nouy tensiometer. 


UV-visible {ary 15 recording spectrophotometer, Varian Subsidiary. Mon- 
rovia, CA 91016. 


0.51 


rn 0.3 
a 
g 0 . 2  
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Figure 1-Chartreusin UV-visible absorption spectra in water (Q,- -), 
95% ethanol (b,- - -), and chloroform (c,-). 


the fact that water molecules can influence macromolecular conformation 
(8,9) if they change any of the noncovalent bonds that stabilize macro- 
molecular conformation, may explain the observed low chartreusin 
aqueous solubility. Such information, along with inspection of models, 
indicated a conformational change in the chartreusin molecule involving 
an intramolecular association or the folding up of the sugar portion over 
the aromatic moiety. Furthermore, the D-fucose 3-hydroxyl hydrogen 
is conformationally capable of hydrogen bonding to the digitalose pyra- 
noside oxygen (10, 11). Such a possibility would create a cage-type 
chartreusin molecular conformation and diminish its hydration, resulting 
in the observed low water solubility. 


Hydroxybenzoates have a definite soluhilizing action on chartreusin. 
As  shown in Fig. 2, the amount of chartreusin in equilibrium with i t s  solid 
phase increased progressively with the hydroxybenzoate concentration. 
The chartreusin solubility increase may be attrihuted partially to complex 
formation; however, due to  the high reaction product solubilities and 
instabilities, the exact stoichiometry could not be determined. Never- 
theless, the plots indicate that the dependency was nonlinear. The ob- 
servations strongly support the suggestion that more than one ligand 
molecule interacts with an individual chartreusin molecule. 


The I solubility diagram indicates that, among the ligands studied, the 
weakest interactant with chartreusin was the unsubstituted benzoate 
while the strongest was the 2,4,6-trihydroxybenzoate. Between these two 
were sodium benzoates with different hydroxyl substituents, all in- 
creasing I solubility. 


The introduction of a hydroxyl group into the ring markedly enhanced 
the carboxylate "binding" tendencies. With the assumption of 1:1 and 
1:2 interactions, the K1.1 and K12 association constants were calculated 
by the least-squares method (Table I) (7). The ortho-substituent had the 
strongest solubilizing effect on chartreusin. The enhancement effect of 
meto- and para-isomers on chartreusin solubility was somewhat less but 
still appreciable (Fig. 2 and Table I). 


The sequential addition of a second or third hydroxyl group at  different 
positions on the aromatic ring intensified chartreusin solubility on a mole 
to mole basis (Fig. 2). However, due to the limited solubility (0.15 M )  of 
sodium 2,4,6-trihydroxybenzoate in water a t  25 f &lo,  the apparent 
chartreusin solubility could not be increased more than 120-fold relative 
to that of water. The additional hydroxyl substitutions may lead to for- 
mation of other complexes independent of the original complex or may 
increase the initial complex strength while maintaining the same struc- 
ture and, consequently, increase chartreusin solubility. Various ligands 
may have differently oriented interaction sites with chartreusin, or two 
complexes of different structures may coexist. 


The chartreusin solubility equilibrium in the presence of dihydroxy- 


Table ]-Apparent 1:l and 1:2 Stability Constants ( W ' )  fo r  
Chartreusin and  Chartar in  Interactions with Various Benzoates 
in Water  at 25 f 0.1" Determined by the Solubility Method 


Chartreusin Chartarin 
Compound K I  1 Kiz K I I  K I Z  


Benzoate 3.5 2.1 - a -a 
p-Hydroxybenzoate 5.9 9.0 - - a  


m -Hydroxybenzoate 26.4 2.8 - a - a  


o-Hydroxybenzoate 5.7 29.1 0.25 10.5 
2.4-Dihydroxybenzoate 17.2 48.3 - a -0 


2,5-Dihydroxy benzoate 30.5 27.5 1.6 28.1 
2$-Dihydroxybenzoate 32.5 38.6 - 0 - a  
2,4,6-Trihydroxybenzoate 263.7 17.4 7.9 29.1 


availability. 
a Interactions of these benzoates were not studied due to limited chartarin 
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Figure 2-Chartreusin solubility diagrams in the presence of sodium 
2.3.6-trihydroxybenzoate (a ,  8) .  sodium 2.6-dihydroxybenzoate (b, 4), 
sodium 2,5-dihydroxybenzoate (c, o),  sodium 2,4-dihydroxybenzoate 
(d.  A), sodium salicylatc (e ,  O),  sodium m-hydroxybenzoate (f, 01, 
sodium p-hydroxybenzoate (g. a), and sodium benzoate (h ,  A) i n  water 
at 2 5  f 0.1”. 


benzoates, contrary to that with benzoate and monohydroxybenzoates, 
was achieved quickly (5 min) at  concentrations up to 0.5 M .  Higher ligand 
concentrations required 30 hr for equilibrium (Fig. 3). Moreover, a dif- 
ference in the chartreusin soluhility equilibration time with benzoate and 
various monohydroxybenzoates existed, the former being the slowest. 
Hence, the benzoate hydroxyl group(s) must play a key role in solubility 
equilibrium and in improving chartreusin solubility. 


The increased chartreusin solubility in the presence of monohydrox- 
ybenzoates may be rationalized as follows. A hydroxyl group would sta- 
bilize the carboxylate anion by delocalization of the negative charge in 
the following order: o-hydroxybenzoate > m-hydroxybenzoate > p -  
hydroxybenzoate (12). Such a process would create a *-excessive aromatic 
system. Furthermore, in o-hydroxybenzoate, “ion-dipole interaction” 
between the phenolic hydrogen and the carboxylate anion (13) tends to 
keep the carbonyl group in a position coplanar with the benzene ring. 
Consequently, the carboxylate function *-electrons resonate with the 
aromatic ring *-electrons and thus increase the area of the r-cloud above 
and below the plane of the aromatic molecule. 


Similarly, the two hydroxyl moieties in 2,6-dihydroxybenzoate are 


i 
/ 
/ 
/ 


/ 
/ 


1 1  


0.90 0.975 
0.065 
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Figure 3--Chartreusin soluhility at 5 min (---), 24 hr ( - )8  and 30 and 
48 hr (- -) in t he  presence of increasing concentrations of sodium gen- 
f isate in water at 25 f 0.1’. 


capable of forming two simultaneous intramolecular hydrogen bonds with 
the carboxylate anion, resulting in a greater planar *-cloud area relative 
to the 2,s- and 2,4-dihydroxybenzoates. Such an increase in the benzoate 
planar surface area may intensify the T-T interaction with the chart- 
reusin aglycone portion, which possesses essentially a planar ring system, 
and, consequently, explain the observed solubility data: 2,4,6- > 2,6- > 
2,5- > 2,4- > o- > m- > p -  > fiodium benzoate. Thus, charge delocaliza- 
tion on the carhoxylate ion coupled with the increase in the ligand mol- 
ecule a-cloud area would account partially for the difference in apparent 
chartreusin solubility in the presence of various benzoates. In addition, 
this relationship parallels the increasing pKa order of their respective 
acids (14), which reflects the inductive and resonance effects (12, 15). 


The area correlation is good evidence for the gross structure of these 
interactions in solution, which may be described as a plane-to-plane or- 
ientation of the substrate and ligand molecules. Such molecular ar- 


._ 
370 300 390 400 410 420 430 440 450 460 470 480 490 


WAVELENGTH, nrn 


Figure 4-Chartreusin absorption spectra in  water (a, - - -), sodium 
benzoate (b, . , .), sodium p-hydroxybenzoate (c, .-.a), sodium m-hy-  
droxybenzoate (d,  -), sodium salicylate (e, -), and sodium dihy- 
droxybenzoate (f, - -) in water at 2Fi f 0.1”. 
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Figure 5-Chartarin solubility diagrams in the presence of sodium 
salicylate (-), sodium 2,4-dihydroxybenzoate (- - -), and sodium 
2,4,6-trihydroxybenzoate (-) in water a t  25 f 0.1'. 


rangements in solution may also indicate electrostatic interactions. 
Charge transfer forces have orientational properties (16), and their 
complexes are formed in simple molecular ratios (17). Figure 4 shows the 
I spectra in the presence of water and various benzoates. The chartreusin 
spectrum in the presence of benzoate(s) was modified to the extent that  
it resembled the chartreusin spectrum in chloroform (Fig. 1). This change 
was most prominent with di- and trihydroxybenzoates. This may be 
visualized as the chartreusin molecule unfolding due to i ts  interaction 
with the benzoate, enabling the sugar portion to interact with water as 
well as with excess benzoate molecules and resulting in enhanced water 
solubility. Furthermore, a bathochromic shift (2 nm) of the 399- and 
421-nm peaks, as well as a marked hyperchromic shift a t  399 nm (Fig. 4), 
was observed. 


These ligand-induced spectral changes suggested orientations favoring 
intermolecular interaction such as local dipole-dipole or dipole-in- 
duced-dipole interactions with perhaps some contact-type charge 
transfer contribution. Interestingly, the hydroxybenzoate sequence 2,4,6 
> 2,6 > 2,5 > 2,4 > o-hydroxybenzoate > m-hydroxybenzoate > p- 
hydroxybenzoate that increased the chartreusin solubility is in the same 
order as their electron donor strengths, as would be expected from their 
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Fiure &Chartarin UV-visible absorption spectral changes in water 
(a, - - -) and in the presence of0.13 M (b, -----), 0.26 M (c, -),and 0.52 
M (d, - -) sodiurngentisate (bottom) and following extraction of these 
solutions into chloroform (top). 


Table 11-Chartarin Spectral  Changes in the Presence of 
Different Benzoate Concentrations 


Benzoate Sodium Sodium SodiuT2,4,6-- 
Concentra- Salicylate Gentisate Trihydroxybenzoate 


tion, M A,.,, nm Amax, nm Amax, nm 
0.025 - 
0.050 - 
0.10 - 
0.13 - 
0.15 - 
0.26 342 
0.39 343 
0.52 344 
0.65 345 


328 
335 
342 


345 
- 


- 
- 
- 
- 


ionization energies (18-20). Conjugation (21, 22) and electron donor 
groups decrease the *-electron ionization potential (23). Moreover, the 
polarization model for substituent effects gives qualitatively correct 
predictions. The addition of two substituent groups having opposite di- 
pole moment directions with respect to the aromatic ring resulted in an 
ionization potential increasing in the order o-hydroxybenzoate > m- 
hydroxybenzoate > p-hydroxybenzoate (23). The  effects of such sub- 
stituents are additive but not necessarily linear. However, when studying 
electron donor-acceptor interactions in aromatic compounds containing 
heteroatom(s) capable of p-*-conjugation, one should recognize that 
n-donor or *-donor properties depend on certain factors (24). 


To shed additional light on the interactions that increased chartreusin 
solubility, the chartreusin aglycone was studied. Chartarin is virtually 
water insoluble. The effect of various ligands on chartarin solubility is 
shown in Fig. 5. The shape of the curves corresponds to that of chart- 
reusin. The order of the ligands that increased chartarin solubility was 
identical to that of chartreusin: trihydroxybenzoate > dihydroxybenzoate 
> monohydroxybenzoate. With the assumption of 1:l and 1:2 interactions 
between chartarin and the ligand, the K1:1 and K1:2 stability constants 
were calculated (7)  (Table I). 


The characteristic chartarin UV-visible maxima were obtained in 
chloroformll. However, due to the low chartarin solubility, the corre- 
sponding UV-visible spectrum in water was unobtainable. Significant 
chartarin spectral changes were induced in the presence of various 
aqueous benzoates. These changes were observed as the difference spectra 
of ligand uersus chartarin plus ligand. A typical difference spectrum is 
shown in Fig. 6. The A%: a t  404 and 427 nm had a 5-nm bathochromic 
shift, while all other bands" present in chloroform disappeared. However, 
a new absorption band appeared between A325 and A ~ W  nm, depending 
on the ligand used (Table 11). The new peak became the predominant one 
in the spectrum. 


The magnitude of the bathochromic shift was dependent on the ligand 
concentration (Table 11). and the extent of the red shift was more no- 
ticeable in the presence of the ligand with greater binding tendencies. 
On extraction with chloroform, the spectrum of each organic solution was 
identical to the original spectrum in chloroform (Fig. 6), while the re- 
maining aqueous phase quantitatively accounted (>98%) for the ligand. 
The increase in chartarin solubility and the significant spectral changes 
in the presence of sodium hydroxybenzoate(s) support the charge transfer 
(24) interaction hypothesis. 


There also appears to be hydrophobic contribution to the complex 
stabilization, since there is a direct relationship between the ligand sur- 
face area and the stability constants. Such interactions may be important 
for the association of solute molecules in water, although they may not 
be the dominant ones. Water, in addition to its role in hydrophobic 
bonding, may influence the stability of these complexes. Various inves- 
tigators (25, 26) observed a qualitative correlation between complex 
stability and solvent surface tension. The solvent surface tension is the 
"master variable" in determining the complex stability (27). Chartreusin 
alone and chartreusin plus gentisic acid in chloroform afforded super- 
imposable spectra in the visible region. In water, however, in addition 
to a significant reduction in the broadness of the shoulder between A435 


and A475 nm, red shifts (5 nm) a t  A421 and A399 nm were observed. 
These interactions, although operable in both chartreusin and char- 


tarin, do not account for the remarkable preferential increase in chart- 
reusin solubility. For example, chartarin solubility in the presence of 0.52 
M sodium gentisate a t  25 f 0.1' was enhanced 10-fold relative to that 
in water, while chartreusin solubility was intensified more than 300-fold 


Chartarin: X, (CHC13) 266 (log c 4.53), 274 (4.48), 338 (3,781,383 (3.95), 404 
(4.20), and 427 (4.26) nm. 
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Figure  7--Sur/ac,e tcnsion versus the chartreusin cortccntration in 0.26 
M aqueous sodium gentisate solution at 2.5 f 0.1’. 


under identical conditions. Such a significant increase may he due  to 
micellization. The commonly accepted picture of micelle structure comes 


udies on compounds having a hydrophobic tail joined to a hy- 
ic head. The  micelles formed by these compounds above the 


critical micelle concentration (CMC) are nearly spherical aggregates with 
the heads on the surface and the tails forming a core. Such aggregates are 
stabilized by hydrophobic interaction between the hydrocarbon tails. 


Chartreusin, once unfolded on interaction with the  ligand, may be 
visualized as  having A hydrophobic polyaromatic moiety joined to  a hy- 
drophilic disaccharide portion. Thus, one can assume t h a t  chartreusin 
molecule aggregates, similar to those of conventional detergent molecules, 
are built up by hydrophobic interactions between the aromatic surfaces, 
with the hydrophilic “heads” pointing outward and available to hydrogen 
bond with the excess ligand as  well a s  with solvent molecules. Where 
conditions favor the formation of larger secondary micelles, two or more 
primary micelles could be linked by hydrogen bond donor and acceptor 
groups. Preliminary surface tension studies of chartreusin and sodium 
gentisate mixtures indicated possible micelle formation. When the 
chartreusin concentration was increased (0-1.72 X M) in the pres- 
ence of a fixed sodium gentisate concentration (0.26 M), a drop in surface 
tension to a constant minimum value was observed (Fig. 7) (28-30). 


Thus,  no single mechanism explains hydrotropy, but  all of the above- 
mentioned factors play contributing roles in increasing chartreusin sol- 
ubility. 
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Abstract o The inhibition of the spontaneous hydrolysis of heroin in 
fresh dog plasma and hlood ( t  112 = 8 min) is effected by 10 mg of sodium 
fluoride/ml ( t 1 , ~  = 40 min) and 35 pg of tetraethyl pyrophosphate/ml ( t l / 2  
= 415 min). Tetraethyl pyrophosphate is the inhibitor of choice and gives 
the same stability for heroin as in phosphate buffer. Aged plasma loses 
its enzymatic efficiency. Heroin in cerehrospinal fluid hydrolyzes at  rates 
similar to those in buffer. Modified extraction procedures developed for 
enzyme-inhibited plasma a t  pH 4.5 have high extraction efficiencies 
(86-10W) and permit isolation of undegraded heroin from its metabo- 
lites. Separations of heroin and metabolites from enzyme-inhibited 
plaqma were effected by described high-pressure liquid chromatographic 
systems and from TLC with elution of pertinent developed spots. Ef- 
ficiencies of these T1.C recoveries were 81 f 1% for heroin and 82 f 1% 
for morphine. Contrary to the literature, heroin has significant protein 
binding where 4036 of that not hound to an ultrafiltration membrane is 


bound to dog plasma proteins. The apparent partition coefficient is 1.4 
f 0.2 between red blood cells and plasma water, and it is 0.8 f 0.1 between 
red blood cells and dog plasma. 


Keyphrases 0 Heroin-hydrolysis in dog plasma and blood, effect of 
sodium fluoride and tetraethyl pyrophosphate, protein binding and 
partition coefficient evaluated Hydrolysis-heroin in dog plasma and 
blood, effect of sodium fluoride and tetraethyl pyrophosphate 0 Enzyme 
inhihition-by sodium fluoride and tetraethyl pyrophosphate, dog 
plasma and blood, effect on heroin hydrolysis 0 Protein binding-heroin 
in enzyme-inhibited dog plasma 0 Partition coefficient-heroin between 
red blood cells and enzyme-inhihited dog plasma Narcotics-heroin, 
hydrolysis in dog plasma and blood, effect of enzyme inhibitors, protein 
binding and partition coefficient evaluated 


3,6-Diacetylmorphine (heroin) is rapidly hydrolyzed in 
the body to 6-monoacety1m0rphine and then to morphine 
(1-3). These latter compounds, along with morphine 3- 
glucuronide, are the major metabolites of heroin excreted 
in urine (&a), minor or negligible amounts of 
normorphine and its glucuronide as well as morphine 6- 
glucuronide and 6-acetYlmorphin@ were reported in human 
urine after heroin administration (9-1 1). 


BACKGROUND 


Other than the heroin assay of Way et al. (2,3) on homogenized mice 
after intravenous administration of heroin (t1/2 for heroin = -2.5 min), 
the inability to monitor heroin levels in plasma or biological fluid due to 
its fast hydrolysis and/or metabolism has prevented the study of heroin 
pharmacokinetics per se. Pharmacokinetic studies on heroin adminis- 
tration were thus limited to the estimation of half-lives of urinary ex- 
cretions of the major heroin metabolites with apparent t  112 values of 1-3 
hr (8,lO). 
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The apparent fast metabolism of heroin in uiuo is confounded further 
by its rapid in uitro hydrolysis in aqueous solutions and biological fluids 
(12). The limited studies available showed that heroin hydrolyzes to 6- 
0-acetylmorphine in 0.5 M sodium carbonate with a half-life of 4.2 min 
whereas the subsequent hydrolysis to morphine has a half-life of 55.5 min 
(12). Human blood was reported to be devoid of 6-monoacetylmorphine 
esterase, although the rate of morphine liberation was slightly fastar than 
in nontreated serum (13). Heroin was stable at pH 7.3 in phosphate buffer 
a t  37.5’ (12) but not in enzyme-deactivated human serum (13). 


Hydrolysis in whole human blood ( t1 /2  = 12.6 min) was faster than the 
hydrolysis in serum (t1/2 = 19.8 min). Nakamura et al. (12) also implied 
that 1% sodium fluoride might inhibit post-mortem hydrolysis of, or 
bacterial action on, heroin in plasma. 


These heroin instabilities in aqueous solutions and biological fluids 
cast suspicion on the validity of stated heroin quantifications in such 
fluids when they are not qualified for stability or when biological tissue 
treatment has used pH adjustment to 8 or 9 prior to the presumed ex- 
traction of heroin. Thus, the one available study of the heroin time come 
by analysis of homogenized organs and mouse tissue is also suspect (3). 
Furthermore, the inability to assay heroin after adjustment of blood and 
urine to pH 8.5-8.7 with saturated sodium bicarbonate prior to the pre- 
sumed extraction (8) may be due to heroin degradation during the ana- 
lytical processes as well as to its fast transformation in v i m  Tissue 
treatment with 10% trichloroacetic acid, with homogenization prior to 
subsequent extraction of the neutralized suspension (141, should give 
invalid estimates of easily hydrolyzable heroin and its products of acid 


This paper presents methods of extraction and separation, such as 
high-pressure liquid chromatography (HPLC) and TLC, of heroin and 
its metabolites from biological fluids that minimize their spontaneous 
hydrolysis and permit quantitative assays. The efficiencies of various 
processes are given. 


Sodium fluoride (12) and tetraethyl pyrophosphate (13) might inhibit 
the enzymic hydrolysis of heroin in plasma. The latter may be a preferred 
inhibitor since it was effective against a wide spectrum of esterases. The 
studies described here were designed to determine which inhibitor was 
the best to add to plasma prior to extraction under conditions where 
spontaneous hydrolysis would be minimized. 


The only previous studies (15) to determine the protein and red blood 
cell.binding of heroin were conducted by equilibrium dialyses over 18 hr 
with human serum. No consideration apparently was given to the possible 
hydrolysis of heroin in such systems, and the protein binding analysis 
was based on the assumption that the measured radioactivity in the 
compartments after equilibration would serve as a basis for calculation. 
But the results were contradictory and confusing. I4C-Heroin showed 
no significant binding, but significant binding (20-3996) was observed 
when cold heroin was added to human serum. Similar results were ob- 
tained with washed human erythrocytes and red cell ghosts. It was con- 
cluded that “free heroin and morphine probably float unbound in the 
blood before. . . metabolism.” 


The probable instability of heroin under the experimental conditions 
of equilibrium dialysis of serum (15) demands a faster method to study 
protein binding, with an enzymic inhibitor to prevent heroin solvolysis. 
This paper considers the protein binding and red blood cell partition of 
heroin when these factors have been taken into account. 


solvolysis. 


EXPERIMENTAL 


Material~-N-Methyl-~~C-morphine~, morphine sulfate crystalline 
USP2, 6-O-acetylmorphineS, and tetraethyl pyrophosphate4 were used. 
All solvents were analytical grade5. Precoated silica gel platesa, prepar- 
ative and analytical, were used for TLC separation. The pH of the isotonic 
phosphate buffer was 7.45 (5.15 g of sodium chloride6, 132 ml of 0.067 M 
K H z P O ~ ~ ,  and 9,s. to 1000 ml with 0.067 M Na2HP0c7H205). 


Freshly prepared 1 M NaHCOa5 was adjusted to pH 8.9 with 1 M 
NaOH5. Sodium acetates, 1 M, was adjusted to pH 4.8 with 1 M acetic 
acid5. Sodium carbonate5, sodium fluoride5, acetic anhydrides, and 
pyridine5 also were used. 


Special high quality methanol7 was used for HPLC separation. Ul- 
trafiltration coness, cone supportss, and tubes8 were used for protein 
binding studies. Iodoplatinate spray was prepared from platinum chlo- 
rides, according to the procedure of Stahl(16). 


A toluene base scintillation fluidg was used for radioactive counting 
with a liquid scintillation counterlo. All samples were counted for 5 min, 
with a blank inserted at  the start. The degree of quench of each sample 
was estimated by the channel ratio method and based on an established 
quench curve. All samples were allowed to adapt to the dark for a t  least 
6 hr. The systems and procedures used gave counting efficiencies of 95% 
when plasma was assayed and 92% when urine was assayed. 


The chromatographll was equipped with a 421.8-kg/cm2 (6OOO-psi) 
constant flow pump and a 254-nm UV detector. A low polarity re- 
versed-phase column12 was used. 


All glassware was silylated13. 
Preparation of 14C-Heroin-The I4C-heroin was synthesized by 


acetylation of ’4C-morphine (59 mCi/mmole). 14C-Morphine was mixed 
with unlabeled crystalline morphine sulfate to obtain a theoretical 10-15 
mCi/mmole specific activity. The mixture (10-15 mg as morphine base) 
was acetylated with acetic anhydride (0.5 ml) in the presence of pyridine 
(5-10 rl) for 3 hr in a tightly capped 15-ml test tube submerged in a 70’ 
water bath14 and was maintained at  room temperature for 2 days. Excess 
acetic anhydride was evaporated under a nitrogen stream at  50°, and 2 
ml of 5% sodium carbonate solution was added to the brown-pinkish 
residue. 


The heroin was extracted from the aqueous solution five or six times 
with 5 ml of chloroform or until a small amount of chloroform solution 
spotted on a TLC plate did not give a positive reaction with iodoplatinate 
spray. The combined chloroform phases were evaporated to 1 ml under 
a nitrogen stream at  50’ in a water bath. This solution was applied to a 
preparative TLC (silica gel) plate, and the plate was developed with 
chloroform-methanol (8020). The heroin band ( R f  0.77) was scraped 
from the plate and extracted several times with 20 ml of acetone until the 
TLC spotted extracts showed no positive reaction with iodoplatinate 
spray. 


The combined acetone phases were evaporated under a nitrogen stream 
on a heating block15 at  55’. The obtained heroin was of high purity 
(97.5%); only small amounts of radioactivity were obtained on the 6-0- 
acetylmorphine (2.24%, Rf 0.50) and morphine (0.1296, Rf 0.22) spots. 


Nonlabeled heroin was prepared according to the procedure of Hays 
et al. (17). 


Analysis of W-Radiolabeled Heroin, 6-O-Acetylmorphine, and 
Morphine in Plasma-The procedure was used to determine the 
products of plasma solvolysis of I4C-heroin. Tetraethyl pyrophosphate 
(10 rl) in an acetone solution of 17.3 mg/ml was added to a vial, and the 
acetone was evaporated. Plasma containing heroin (1.0 ml) was added 
to the vial, and the pH was adjusted to 4.8 with 1 ml of 1 M acetate buffer 
of the same pH. It was extracted immediately with 22 ml of benzene- 
hutanol (85:15). 


The organic phase (20 ml) was transferred to a scintillation vial and 
evaporated under a nitrogen stream in a water bath at 60’. The dry res- 
idue was dissolved in 0.5 ml of methanol, and 10 ml of scintillation fluid 
was added. The capped vials were dark adapted for a t  least 6 hr before 
counting. This procedure extracts heroin into the organic phase, and the 
remaining aqueous solution contains 6-0-acetylmorphine and mor- 
phine. 


Carbonate buffer (2 ml) adjusted to pH 8.9 was added to the aqueous 
solution (pH 8.9), and 6-0-acetylmorphine and morphine were extracted 
with 2 X 5 ml of ethyl acetate-isopropyl alcohol (85:15). The combined 
organic phases in a 15-ml centrifuge tube were evaporated under a ni- 
trogen stream in a water bath at  60’. The walls were rinsed with 0.5 ml 
of the same solvent. The solution was again evaporated to dryness. The 
dry residue was then dissolved in 25 pI of the same solvent with a vortex 
mixer, 15 pl was spotted on a silica gel TLC plate, and the plate was de- 
veloped with chloroform-methanol (8020). 


6-0-Acetylmorphine and morphine standards were spotted on the 
same plate to determine their positions. The standards were visualized 


I Amersham/Searle Co.,  Arlington Heights, Ill. 
Merck and Co., Rahway, N.J. 
Batch 1934-886-50, Department of Health, Education, and Welfare, Public 


Health Service, National Institute of Mental Education. 
Chemical Procurement Laboratories. Colle e Point, N.Y. 
Mallinckrodt Chemical Works, St. Louis, d o .  
Silica gel 60, E. Merck Laboratories, Elmsford. N.Y. 


7 Burdick and Jackson Laboratories, Muskegon, Mich. 
8Type 2100 CF-50, Amicon Corp., Lexington, Mass. 


Scinti Verse, Fisher Scientific Co., Fair Lawn, N.J. 
lo Model LS 330, Reckman Instruments, Fullertnn, Calif. 


Model ALC 202, Waters Associates, Milford, Mass. 
l2 pBondapak C18 Porvil, Waters Associates, Milford, Mass. 
l3 Silyl-8, Pierce Chemical Co., Rockford, Ill. 


Meyer N-Evap, Organomation Associates, Shrewshury, Mass. 
Reacti-Them heating module, Pierce Chemical Co., Rockford, Ill. 
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Figure 1- Plot of disintegrations per  minute of heroin extracted with 
0.5 ml of methanol from spots at appropriate Rfualues (0.77) on a TLC 
silica gel plate developed uiith ch/oroform-methano[ (80:20) against the 
nctnograms of 'Y'-heroin spotted in 10 p l  ofacetone at the origin. 


with iodoplatinate spray. The marked spots were scraped from the plate, 
and the powdered silica was transferred to a vial and agitated with 0.5 
ml of methanol for 5 min. Scintillation liquid (10 ml) was added, and the 
capped vials were counted after 6 hr of dark adaptation. 


Hydrolysis Kinetics of Heroin in Body Fluids-The hydrolysis 
kinetics of heroin were studied in buffer, plasma, whole blood, and ce- 
rehrospinal fluid. The kinetics of heroin hydrolysis in dog plasma were 
studied with and without the enzyme inhibitors sodium fluoride and 
tetraethyl pyrophosphate. An aliquot (25 ml) of dog plasma wasspiked 
with varying amounts of I4C-labeled heroin in the normal range expected 
on heroin administration, and 0.5 or 1 ml of this mixture was assayed by 
liquid scintillation counting for the heroin extracted a t  pH 4.7 a t  various 
times up to I -  2 hr. 


The study was repeated with sodium fluoride (20 mg/ml of plasma) 
and tetraethyl pyrophosphate (34.7 pg/ml of plasma). Similar studies 
were repeated in 10 ml of fresh ( 3  hr) dog blood with and without an en- 
zyme inhibitor. Four milliliters of' chloroform completely extracted added 
radiolaheled 14C-hertrin from 1 .0 ml of plasma. The hydrolysis kinetics 
of heroin were studied in fresh dog cerebrospinal fluid (6.5 ml) and iso- 
tonic phosphate buffer (10 ml) without an enzyme inhibitor. 


The stock solutions of heroin and tetraethyl pyrophosphate were 
prepared in acetone. Appropriate volumes were then transferred to a 
Centrifuge tube, and the solvent was evaporated under a nitrogen stream 
at room temperature. The dry residue was dissolved in 20 pl of ethanol, 
and the hiologiral fluids were added. 


The hydrolysis kinetics of 6-0-acetylmorphine in dog plasma were 
studied by spiking 10 ml of fresh dog plasma with unlabeled 6 - 0 -  
acetylmorphine (80 pg). Aliquots (1 ml) were taken a t  0,5,10,15,20, and 
40 min. The samples were extracted and analyzed by T1.C as described 
previously. Only the 6-0-acetylmorphine spot was seen; no spot attrib- 
utable to morphine was observed. 


Plasma Protein Binding of Heroin-The hinding of heroin in 
heparinized dog plasma was determined hy ultrafiltration (18). Standard 
radiolabeled heroin solutions (9-5500 ng/ml) were prepared in enzyme- 
inhibited (tetraethyl pyrophosphate, 100 or 115 pg/ml) plasma and 
plasma water. An aliqiiot (0.5 ml) was taken prior to centrifugation to 
determine the total radioactivity. The plasma (3  ml) was put in ultrafil- 
tration cones and centrifuged at 3000 rpm for about 10 min until half of 
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Figure 2-HPLC reversed-phase chromatogram of  a l0 -pr  aqueous 
solution of a mixture of heroin, 6-O-acetylrnorphine, morphine, and 
normorphine developed by Fi5:4.5 methanol-buffer (2 mllmin) ujhere the 
buffer contained 0.1 I:;, f N H 3 2 [ ' 0 : ,  and 0.01 M (NH32HPO., .  The inset 
is a typical calibration curue i n  millimeters of height of the heroin peak 
against the nanograms of heroin injected. 


the plasma was filtered. The radioactivity of 0.5 ml of the ultrafiltrate 
was determined. The memhrane binding of heroin was calculated simi- 
larly by the ultrafiltration of spiked samples o f  plasma water prepared 
from the ultrafiltration of plasma. 


Red Blood Cell-Plasma Parti t ions of Heroin-Paeudoplasma was 
prepared by ultrafiltration of dog plasma through the membrane cones. 
Aliquots of a previously analyzed '%-heroin solution were added to 
pseudoblood, prepared by adding packed red hlood cells (1.00 ml) to this 
pseudoplasma (1.00 ml) containing the tetraethyl pyrophosphate in- 
hibitor. The red hlood cells, obtained from the centrifugation ol' hepari- 
nized dog hlood, were washed twice with isotonic saline and recentrifuged. 
No significant hemolysis was observed. 


The mixture was then mixed gently in a centrifuge tube and allowed 
to equilibrate, usually for 20 min. A hematocrit was taken, and the tuhe 
was usuallycentrifuged for 10 min a t  1500 rpm. An aliquot (0.2 ml) of the 
separated plasma was transferred into a vial for radioactivity determi- 
nation by liquid scintillation counting. The partition coel'ficients between 
plasma water and red blood cells were determined also as functions of 
drug concentration and time. 


The study was repeated with a given concentration of' 14C-heroin in 
a synthetic hlood prepared from dog plasma and packed washed hlood 
cells. 


HPLC Separation of Heroin, 6-O-Acetylmorphine, and  Mor- 
phine-Reversed-phase HPLC was used to separate heroin, 6 - 0 -  
acetylmorphine, morphine, and normorphine by injection 0 1  an aliquot 
of a mixture of the three alkaloids a t  a flow rate of 2 ml/niin. The com- 
pounds were monitored by LJV detection, with a honded phase columnI2 
used for separation. Solvent systems were 60:40 or 56:45 methanol- huffer 
where the huffer contained 0.1% (NH4)zCOx and 0.01 M (NHd)rHPO+ 
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Figure 3-Instability of hrroin in various fluids at room temperaturr under ~:arioicr conditions. (a) I4C-Heroin (1.2 pglrnl at a specific acticity of 
91.06 dpmfng)  was completely extracted with chloroform at pH 4.7, and the  radiolabeled heroin was assayed by liquid scintillation counting. Key: 
A (O), fresh dog plasma, no inhibitor; R (o) ,  fresh dog plasma containing 20 mg of sodium fluoridelml and diluted 1:l with 0.004 M phosphate 
buffer (pH 7.4) to give disintegrations per minute per 0.5 ml of plasma; and c', fresh dog plasma (0) containing 34.7 pg of tetraethyl pyrophosphatelml 
or 0.004 M phosphate buffer (pH 7.4) containing no inhibitor (A). (h) IT-Heroin (1.36 pglml of  blood at a specific actiuity o f  26.9 dpmlng) was 
extracted from fresh dog blood u i th  chloroform at pH 4.7, and the radiolabeled heroin was assayed by liquid scintillation counting. Key: D (O), 
fresh dog blood containing no inhibitor; and E (a), fresh dog blood containing 10 mg of sodium fh i r ide lml  of blood. (c) Curue F is for '4C-heroin 
(72 X 103 dpmlml of fresh dog plasma without inhibitors with time as determined by liquid scintillation counting assay of chloroform extraction 
at pH 4.7). Key: 0 , 0 . 7 9  pglml of plasma; m, 3.11 pglml of plasma; A, 5.43 pglml of p1asma;and 0,  7.71 pglml of plasma. Clurue G is for 14C-herain 
[R2 X l o 3  dpmlml of fresh dog cerebrospinal fluid without inhibition a s  drtrrmined by liquid scintillation counting assay of benzene--butanol 
(8.5:1.5) extract]. (d) Curve H ,  n = 2, is for ''C-heroin (0.216 pglml of plasma at a specific activity of 29.9 dpmlng) extracted from dug plasma 
of pH 4.7 with 20 ml of benzene-butanol (8.5:1.5)/ml of fresh dog plasma without inhibition. The  extract was assayed by liquid scintillation counting. 
Key: 0 ,  heroin alone; 0,  heroin plus 1.6 pg of cold 6-0-acetylmorphinelml ( i f  plasma; and A, heroin plus 1.6 pg of cold morphinelml of plasma. 
Ethanol (10 p l )  had been addpd to reconstitute evaporated organic solutions o f  drugs before addition of 25 ml of plasma. I4C-Heroin (1.08 pglml 
of fresh dog plasma at a specific actiuity of 29.9 dpmlng) was assayed (n = 3) as for curve H with time (curue I ,  0). 6-0-Acetylmorphine (curue 
J ,  0) and morphine (curve K ,  0)  were assayed (n = 3) by liquid scintillation counting of the second extraction after pH adjustment of the heroin- 
extracted plasma to pH 8.9. 


RESULTS AND DISCUSSION 


Separation and Analysis of Heroin and Metabolites-Cold 
methods for the analyses of morphine after efficient extraction from bi- 
ological fluids by GI,C with electron-capture detection of pentafluoro- 
propionyl derivatives were reported recently (19). The morphine glucu- 
ronide metabolite, readily separated from the extracted morphine, was 
completely hydrolyzed to, and assayed as, morphine. 


Heroin and its metabolites (6-O-acetylmorphine, morphine, and 
morphine glucuronide) in biological fluids such as plasma can be analyzed 
in the same way as morphine after: ( a )  selective sequential extraction 
procedures as given under Experimental, ( 6 )  TLC separation with 
subsequent elution of spots a t  referenced R/ values, and ( c )  separation 
with HPLC systems. In the HPLC case, UV monitoring can give direct 
assay of the separated peaks a t  higher concentrations. Alternatively, the 
appropriate retention volumes can be collected, acid hydrolyzed to 
morphine, and assayed by the more sensitive morphine assay methods 
reported previously (19). 


Extraction Efficiencies-Radiolabeled heroin (97% pure by HPLC) 
was added to plasma where the heroin was inhibited from plasmolysis 
by added tetraethyl pyrophosphate. Chloroform (4 ml) completely ex- 
tracted the radioactivity from plasma (1 ml) at an adjusted plasma pH 
of 4.7. 


Benzene-butanol (8.5:1.5), 20 ml, was used to extract I4C-heroin in 


tetraethyl pyrophosphate-inhibited (173 pglml) plasma (1 ml + 1 ml of 
pH 4.7 buffer), and the organic phase was assayed for radioactivity by 
liquid scintillation counting. The extraction efficiency was 86.3 f 1.1% 
( S D )  and was independent of the concentration of heroin in the plasma 
in the range of 285-2280 nglml. The specific values were (nanograms of 
heroin per milliliter of plasma and extraction efficiency): 285.86.09h; 570, 
86.1%; 1140,84.8%; 1710,87.6%; and 2280,87.04%. When the same pro- 
cedures were conducted with 14C-morphine in plasma, 7 and 9% of the 
total radioactivity were extracted a t  pH 4.8. 


I4C-Morphine was extracted twice from 1 ml of plasma (0.66 pglml), 
mixed with 1 ml of pH 4.8 acetate buffer and 2 ml of pH 8.89 carbonate 
buffer, by 5 ml of ethyl acetate-isopropyl alrohol (8.5:1.5). The organic 
phase was then assayed for radioactivity by liquid scintillation counting. 
The extraction efficiency was 97.53 f 0.23% (SD). In a second study, 
replicated four times, 0.5 ml of plasma, mixed with 1.5 ml of carbonate 
buffer (pH 8.9), was extracted with 5 ml of the same organic solvent. The 
extraction efficiency was 97.31 f 0.91% 1%). 


The extraction efficiency of morphine under the conditions for hy- 
drolysis of the morphine glucuronide to morphine was studied also. 
I4C-Morphine (0.66 pg)  was added to 1 ml of plasma, which was mixed 
with 1 ml of pH 4.7 acetate buffer, 2 ml of pH 8.9 carbonate buffer, and 
4 ml of 6 N HCI to which 1.15 mg of solid sodium carbonate was added, 
with the pH adjusted to 8.9. This mixture was extracted with 30 ml of 
henzene-butanol (8.5:1.5). the organic solution was evaporated. the 
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Figure 4-Plots of disintegrations per minute per  milliliter in ultra- 
filtrate (y) against disintegrations per minute per milliliter of filtered 
plasma and plasma water solution (x) of l4C-heroin whose hydrolysis 
was inhibited with tetraethyl pyrophosphate (108 or I15 pg/ml). The 
drawn lines are those fitted by linear regression in accordance with y 
(iSE,) = m ( f S E d x  + b(iSEtJ ,  where the SEi’s are the standard 
errors of estimate. The coefficient of determination is r2. (a) %I44 ng 
of 14C-heroinlml; specific actioity = 29.9 dpmlng. Plasma water: 
y(f60.3) = 0.640(fO.O18)x - 57(f42); r2 = 0.9976. Plasma: y(f26) = 
0.338(f0.009)x - 32(f21); r2 = 0.9986. fb) 180-550 ng of 14C-heroin/ml; 
specific activity = 6.1 1 dpmlng. Plasma water: y(f165) = 0.664(*0.041) 
x - 103(f139); r2 = 0.9925. Plasma: y(i l0)  = 0.345(f0.004) - 0.04(&9); 
r2  = 0.9998. (c) 920-5500 ng of l4C-heroin/m1; specific activity = 6.11 
dpmlng. Plasma water: y(f1056) = 0.633(fO.O37)x - lOO(f740); r2 = 
0,9900. Plasma: y(f214) = 0.402(fO.O08)x + 42(f150); r2 = 0.9988. 


residue was reconstituted in 0.5 ml of methanol, and the radioactivity 
was assayed by liquid scintillation counting. The recoveries of radioac- 
tivity were 91.1 and 93.1%. 
TLC Separation and  Extraction Efficiencies of Developed TLC 


Spots-Development of mixtures and separate solutions on a TLC silica 
gel plate with chloroform-methanol (8020) widely separated morphine 
(R f  0.22) from 6-0-acetylmorphine (R f  0.50) and heroin ( R f  0.77). The 
morphine glucuronide stayed a t  the origin. 14C-Heroin, 14.5,36.2,72.4, 
108.6, and 144.7 ng, was spotted and developed on TLC plates. The de- 
veloped spots were scraped, the scrapings were extracted with 0.5 ml of 
methanol, and the radioactivity was assayed by liquid scintillation 


counting. The extraction efficiency from the scrapings was 80.9 f 1.2% 
(SD) and was independent of the amount spotted (Fig. 1). 


Similar studies with spotted “%morphine gave an extraction efficiency 
of 82.3 f 1.1% (SD) .  
HPLC Semrations-Several HPLC svstems were develoDed for 


separation and analyses of morphine and its metabolites. A typical sep- 
aration for normorphine, morphine, 6-0-acetylmorphine, and heroin by 
55:45 methanol-buffer, with the pH 6.98 buffer containing 0.1% 
(NH&C03 and 0.01 M (NH&HPOd, is given in Fig. 2. When the purified 
synthesized 14C-heroin was analyzed by HPLC in such a system, 96.5% 
of the administered radioactivity was collected at the retention volume 
of heroin (9.5-13 rnin), 2.49% a t  that of morphine (2 .54  rnin), and 0.83% 
at that of 6-0-acetylmorphine (4.5-6.5 mip). 


Organic solvent extracts of inhibited plasma (1 ml), obtained with 20 
ml of ethyl acetate-isopropyl alcohol or benzene-butanol(8.51.5) from 
the plasma mixed with 1 ml of pH 8.9 carbonate buffer, contained heroin, 
6-O-acetylmorphine, and morphine. The extracts were reconstituted in 
50 pl of acetone, of which 10 pl was injected in the liquid chromatograph 
and developed by the previously stated procedures. The fractions were 
monitored directly by UV, using the peak heights, peak areas, or their 
ratios to the respective values of an internal standard such as normor- 
phine. 


In the apparatus used, the sensitivity of the direct UV assay was 0.1 
pglinjection (inset, Fig. 2) and thus equivalent to 0.5 pglml of plasma. 
Greater sensitivity could be obtained by acid hydrolysis of the collected 
pertinent fractions with assay as morphine by the previously described 
(19) GLC method for the derivatized compound or liquid scintillation 
counting of the radiolabeled dansyl derivatization product. Direct liquid 
scintillation counting could assay the fraction if 14C-heroin were ad- 
ministered to the animal. 


Instability of Heroin and  Its Inhibition in Plasma-Heroin un- 
derwent some spontaneous hydrolysis in pH 7.4 phosphate buffer (curve 
C, Fig. 3a) with an estimated apparent half-life of 415 min. The hydrolysis 
accelerated in fresh dog plasma with an apparent half-life of 8 rnin (curve 
A, Fig. 3a). The presence of 20 mg of sodium fluoride/ml of plasma (curve 
B, Fig. 3a) and 34.7 pg of tetraethyl pyrophosphatelml of plasma (curve 
C, Fig. 3a) reduced the hydrolysis rate to that  of buffer. The instability 
of heroin in fresh cerebrospinal fluid (curve G, Fig. 3c) was close to that 
in buffer alone (curve C, Fig. 3a). 


The addition of 10 mg of sodium fluoride/ml to dog blood significantly 
increased the estimated half-life of heroin instability from 8 rnin (curve 
D, Fig. 36) to 40 rnin (curve E, Fig. 36). Unfortunately, sodium fluoride 
ruptured red blood cells and denatured plasma protein. Thus, tetraethyl 
pyrophosphate was the inhibitor of choice. 


Additional studies of heroin instability in other dog plasma (curve F, 
Fig. 3c) also showed apparent half-lives of 8 min and were independent 
of heroin concentrations in the studied range of 0.79-7.7 pglml of plas- 
ma. 


When these plasmas (curve F, Fig. 3c) were kept a t  room temperature 
for 24 hr and respiked with heroin, no significant loss of the added heroin 
was observed. The 24-hr sample that originally had 0.79 fig of heroin/ml 
of plasma was adjusted to 416,700 dpm/ml assayed as heroin and, 10 rnin 
later, the assayed heroin was still 478,500. Similarly, the original 7.71 
pglml of plasma was adjusted to 478,500 dpm/ml with I4C-heroin, and 
the count of assayed extract after 10 min was 481,000 dpmlml. Also, 
negligible hydrolysis of 14C-heroin was observed in stored plasma in 
several instances. These studies imply that the catalysts or enzymes in 
plasma that promote heroin hydrolysis are inactivated on storage. 


When similar studies were conducted with fresh dog plasma that was 
not stored for such a long interval, the catalytic activity was maintained. 
A plasma containing 1037 ng/ml assayed 83,760 dpmlml as heroin at zero 
time and 8112 a t  63 min. When additional 14C-heroin, 1570 pglml, was 
added to the plasma, the assays were 128,500 dpm/ml a t  65 min and 
23,216 dpm/ml at 125 min. 


For several plasmas stored for varying times, incompletely catalyzed 
hydrolysis was observed (curve H, Fig. 3c). The possiblity of product- 
inhibited hydrolysis was denied by the demonstration that heroin alone, 
heroin plus 6-O-acetylmorphine, and heroin plus morphine demonstrated 
the same kinetics of heroin hydrolysis in plasma (curve H, Fig. 3c). 


The major observed product of plasma-catalyzed heroin hydrolysis 
was 6-0-acetylmorphine; negligible radioactivity assignable to morphine 
was observed (curves I-K, Fig. 3d) .  A specific study was made of the at- 
tempted hydrolysis of 6-0-acetylmorphine (8 pglml) in fresh plasma and 
plasma inhibited with tetraethyl pyrophosphate. Extraction with 5 ml 
of ethyl acetate-isopropyl alcohol (8.5:1.5) of 1.00-ml plasma samples 
adjusted to pH 8.9 with 2 ml of carbonate buffer with subsequent solvent 
evaporation, reconstitution in 25 pl of ethyl acetate-isopropyl alcohol, 
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Table I-Summary of Membrane and Plasma Protein Binding Studies of I4C-Heroin by Ultrafil tration 


Fraction in Fraction in Plasma 
Plasma Water Not Bound 
Not Bound to to Membrane Not Bound 


Membrane and Plasma to Plasma 
fSD" Proteinb f S D  ProteinC 


(a) (b) (C)  


0.596 f 0.032 0.313 f 0.016 0.283 
0.690 f 0.008 0.470 f 0.018 0.220 
0.655 0.372 0.283 
0.609 f 0.054 0.344 f 0.05 0.265 
0.64.f 0.12 0.41 1 f 0.029 0.231 
0.64 f 0.04 0.38 f 0.06 0.26 f 0.03 


Fraction 
of Free 
Heroin 


Bound to 
Plasma 


Proteind 


Tetraethyl 
Heroin Con- Pyrophosphate Assay Specific 
centration, Concentration, Level Activity, 


ng/ml jcdml Levels Replicates dpm/ng 


9-144 108 5 3 29.9 
21-127 108 3 1 39.0 


0.475 
0.319 
0.432 293- 115 1 4 6.81 


183-550 115 3 3 6.11 
920-5500 115 4 3 6.10 


0.435 
0.360 


0.40 f 0.06 Average f SD 
~~ 


0 Disintegrations per minute per milliliter of plasma water filtrate + disintegrations per minute per milliliter of plasma water before filtration. Assayed values in plasma 
water before and after filtration were used in all cases. Disintegrations per minute per milliliter of plasma filtrate +disintegrations per minute per milliliter of plasma 
before filtration. Assayed values in plasma were used in all cases except for the 920-5500-ng/ml plasma studies where the disintegrations per minute per milliliter of plasma 
before filtration were calculated from the known specific activity and the amount of "C-heroin added to the plasma. Calculated from a - b. d Calculated from (a - b)/a 
= (c/a). 


and TLC development of 15 PI showed only the presence of 6-0-acetyl- 
morphine and no morphine after 0,5,10, 15,20, and 40 min of reaction 
in the plasma. This result strongly indicates that  only heroin hydrolysis 
is catalyzed by fresh plasma. 


Plasma Protein Binding of I4C-Heroin by Ultrafiltration-The 
ultrafiltration of I4C-heroin from tetraethyl pyrophosphate-inhibited 
plasma water and plasma demonstrated linear relations between the 
concentrations of radiolabeled material in the filtrate and the solutions 
filtered (Fig. 41, with intercepts not significantly different from zero. The 
respective slopes were estimates of the fraction unbound to membrane, 
S p w ,  and unbound to plasma proteins plus membrane, Sp, for the fil- 
tration of plasma water and plasma, respectively. These plots showed 
that the fractions membrane bound, 1 - S p w ,  were 0.360 f 0.018 ( S E )  
for 9-144 ng of heroin/ml, 0.336 f 0.041 for 180-550 ng of heroin/ml, and 
0.367 f 0.037 for 920-5500 ng of heroin/ml. The fractions, both membrane 
and plasma protein bound, 1 - Sp, were 0.662 f 0.009,0.655 f 0.004, and 
0.598 f 0.037, respectively. Thus, it can be concluded that the fractions 


bound of heroin were concentration independent in the 9-550-ng/ml 
range. The fractions of heroin not bound to the membrane but bound to 
plasma protein, (Spw - S p ) / S p w ,  were 0.472,0.480, and 0.365, respec- 
tively. 


A summary of membrane and plasma protein binding for all studies 
conducted, calculated from the averages of the data, is given in Table I. 
The values were calculated differently from the methods given in Fig. 
4. The overall average of the fraction of free heroin, ix.. unbound to 
membrane, that was bound to plasma protein was 0.40 f 0.06 SD. 


Additional studies were conducted a t  1467 ng of ''C-heroin/ml of 
plasma; aliquots of the plasma were filtered a t  0,4, 8, 16, and 32 min. 
There were no significant differences among the assays of the filtrates 
obtained a t  different times. In two studies, the fractions bound to 
membrane plus plasma proteins were 0.624 f 0.049 SD and 0.647 f 0.017 
SD, n = 5. It must be concluded that equilibration between plasma 
protein and heroin was established well within the time necessary for 
processing the plasma. 


Table 11-Summary of Red Blood Cell-Plasma Water Parti t ion Studies a 


A,, dpm of 
14C-Heroin Db 


An, dpm of ml of Plasma (Partition Equilibra- Centri- 
Partition H, hemato- ng of 14C-Heroin I4C-Heroin or Plasma Coefficient), tion fugation 
System crit/100 ml of System ml of System Water RBC/plasma water Time. min Time. min 


A Plasma 
water-red blood cells 


0.345 
0.356 
0.350 
0.350 


38.0 
59.6 
75.4 


1532 
2298 


1320 
2010 
2560 


1.47 
1.41 
1.56 
1.61 
1.55 


20 
'LO 
20 
20 


10 
10 
10 
10 
10 
10 
10 


10 
10 


3064 
3830 
3830 
3830 
7660 


3830 
3830 


3830 
3830 
3830 
3830 
3830 


1523 
1523 


94.9 
94.9 
94.9 


190 


94.9 
94.9 


94.9 
94.9 
94.9 
94.9 
94.9 


39.3 
39.3 
39.3 
39.3 


16.8 
16.8 
16.8 
16.8 


104.5 
104.5 
104.5 
104.5 


3155 
3210 
3140 
6755 


3320 
3390 


3130 
3510 
3465 
3425 
3837 


1981 
1499 
1480 
1503 


568 
598 
599 
568 


0.352 
0.350 
0.345 


20 
20 
20 


1.63 
1.39 


1.52 f 0.10 
1.45 
1.38 


Average f SD 
B Plasma 


water-red blood cells 
Average 


C Plasma 
water-red blood cells 


0.345 
0.345 


2 
0 


0 
4 
8 


16 
32 


1.41 
1.74 0.301 


0.295 
0.296 
0.298 
0.295 


0.300 
0.300 
0.300 
0.305 


3 
3 
3 
3 


i.3i 
1.36 
1.40 
0.99 3 


10 
10 
10 
10 


10 
10 


Average f SD 


water-red blood cells 
D Plasma 


1.36 f 0.27 
1.34 
1.05 
1.10 
1.04 


1.13 f 0.14 


20 
20 
20 
20 


~~~ 


1523 
1523 


Average f SD 


water-red blood cells 
E Plasma 0.232 


0.228 
689 
648 
655 
647 


1.92 
1.37 
1.40 


20 
20 
20 
20 


20 
20 
20 
20 


0.233 
0.235 


0.253 


~~ 


10 
10 1.59 


1.57 f 0.25 
1.48 
1.27 


Average f SD 


red blood cells 
F Plasma- 1892 


1892 
1892 
1892 


1947 
2030 
1963 


10 
10 
10 
10 


~~~ 


0.285 
0.268 
0.274 


1.44 
1.23 


1.36 f 0.12c 
2037 


Average f SD 
0 Plasma water-red blocd cell systems were inhibited with 86.5 pg of tetraethyl pyrophosphatelml. The lasma red blood cell system was inhibited wlth 104.5 rg of 


tetraethyl pyrophosphate/ml. The fraction bound, f .  was taken as zero for the planma water-red blood Celt systems and as 0.4 for the plasma-red blood cells system. 
6 Average of averages was 1.39 f 0.1.5 SD Iff = 0 were taken rather than f = 0.4, the calculated D would be 0.814 f 0.074 SD. 
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Partitioning of 14C-Heroin between Plasma Water and Red Blood 
Cells-The results of the several studies conducted on the partitioning 
of 14C-heroin between plasma water and red blood cells (RBC) are 
summarized in Table 11. The heroin in the systems was inhibited from 
plasmolysis with 86.5 or 104.5 fig of tetraethyl pyrophosphate/ml. The 
partition coefficient, D ,  was calculated from (20): 


where [ARuc]. (As], and [Ap] are the 14C-heroin concentrations in the 
red blood cells, blood, and plasma, respectively, and [A:] is the drug 
concentration in the plasma that is unbound to plasma proteins. The 
hematocrit + 100 is H, and f is the fraction of drug in plasma bound to 
plasma proteins. The value off  was taken as zero in the plasma water 
systems and as 0.4 in the plasma-red blood cell mixture. 


The results of Study A (Table 11) showed no significant differences 
among the partition coefficients, D, within the range of 38-190 ng of 
I4C-heroin/ml of pseudoblood. Any time of equilibration greater than 
zero for I4C-heroin in the pseudoblood did not affect significantly the 
determined partition coefficients (compare Studies A-C in Table It) .  
Also, times of centrifugation, 3 and 10 min, of the plasma water-red blood 
cell mixtures to separate the plasma water to be assayed did not signifi- 
cantly affect the results. Only Study D appeared to differ slightly from 
the total results where the average of the averages given in ‘Fable I1 was 
1.39 f 0.15 SD. 


Study E was performed after separation of the plasma water from 
Study D, where the red blood cells containing the equilibrated I4C-heroin 
were reequilibrated with fresh plasma water and subsequently centri- 
fuged to determine the new partition coefficient. Study E was on a syn- 
thetic blood, prepared from plasma and red blood cells, and the partition 
coefficient determined from Eq. 1 for a protein-bound fraction off = 0.4 
was the same as that from the plasma water-red blood cell systems. If 
the fraction bound had been ignored, i .e.,  f = 0,  the calculated apparent 
D would have been 0.814 f 0.074 SD, which differs widely from the 
plasma water systems since the protein binding makes a fraction of the 
heroin unavailable for partition into the red blood cells. 
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Abstract High-pressure liquid chromatography using reversed-phase 
and/or ion-pair techniques was used to optimize resolution of aspirin- 
containing muscle relaxant mixtures as well as other therapeutic agents 
commonly found in muscle relaxant-analgesic mixtures. The compounds 
were chromatographed on an octadecylsilane column using methanol- 
water solvent systems, some of which contained tetrabutylammonium 
cation as counterion. Mixtures of methocarbamol-aspirin and chlor- 
zoxazone-acetaminophen were selected to demonstrate separation and 
quantification. The methocarbamol-aspirin mixture was chromato- 
graphed with methanol-water (40:60, pH 6.8) containing 0.01 M tetra- 
butylammonium cation a t  a flow rate of 2.0 ml/min. The chlorzoxa- 


zone-acetaminophen mixture was chromatographed with methanol- 
water (5050) a t  a 2.0-ml/min flow rate. The separation and quantitation 
of each mixture were achieved in approximately 8 min with accuracy in 
the 2-394 range. 


Keyphrases Muscle relaxant-analgesic mixtures, various-high- 
pressure liquid chromatographic analyses of components 0 Analgesic- 
muscle relaxant mixtures, various-high-pressure liquid chromato- 
graphic analyses of components High-pressure liquid chromatogra- 
phy-analyses, components of‘ various muscle relaxant-analgesic mix- 
tures 


Previous high-pressure liquid chromatographic (HPLC) 
investigations with muscle relaxant-analgesic agents such 
as meprobamate, methocarbamol, carisoprodol, chlor- 


zoxazone, acetaminophen, aspirin, caffeine, and phenac- 
etin (1) indicated that the aspirin-containing combinations 
were difficult to chromatograph using nonpolar solvents 
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Synthesis of 
1 -Phenyl-2- (phenylcarbamoyl)pyrazolidines as Potential 
Anticonvulsant Agents 


MILTON J. KORNET" and R. JOYCE GARRETT 
Received July 10,1978, f'rom the Collfge of Pharmacy, University o/ Kentucky, Lcxingfon, K Y 40.506 
19'78. 


Accepted lor  publication August 17, 


Abstract 0 Twelve 1 -phenyl-2-(phenylcarhamoyl)pyrazolidines were 
synthesized from I-arylpyrazolidines and aryl isocyanates. These adducts 
showed little anticonvulsant activity in the maximal electroshock seizure 
and pentylenetetrazol seizure assays. 


Keyphrases 0 Pyrazolidines, substituted-synthesized, anticonvulsant 
activity evaluated 0 Anticonvulsant activity-various substituted py- 
razolidines evaluated Structure-activity relationships-substituted 
pyrazolidines evaluated for anticonvulsant activity 


The synthesis and evaluation of a series of l-methyl- 
2-(phenylcarbamoyl)pyrazolidines (1) as anticonvulsant 
agents revealed good activity for at  least three compounds 
(1). In the most active compounds, R1 = C1 or CH3 and RZ 
= H or C H ~ .  T~ study compoun~s of this type further, the 
N-methyl group Of the pyrazolidine ring was rep1aced by 
phenyl. Such a substitution changes the basicity of the 


DISCUSSION 


Chemistry-I-Phenylpyrazolidine has been prepared from tri- 
methylene bromide and a large excess of the sodium salt of phenylhy- 
drazine (2,3). The latter reagent was obtained from sodium metal and 
phenylhydrazine. T o  avoid the tedious procedure employed to make the 
sodium salt of phenylhydrazine, a modified procedure was developed with 
sodium hydride as the base. Isolation of the sodium salt of phenylhy- 
drazine also was eliminated: after its formation from Dhenvlhvdrazine . " _  


molecule and is thereby expected to affect the absorption, 
distribution, and metabolism of the resultant compounds. 
This report describes the synthesis and anticonvu'sant 
activity of such compounds, i.e.9 the l-phenyl-2-(phenyl- 
carbamoy1)pyrazolidines (IIIa-1111, Table I). 


and sodium hydride in benzene in situ, it was reacted directly with the 
dihromide. In this way, a much smaller excess of phenylhydrazine was 
required and I-phenylpyrazolidine (Ha) was obtained in an 86% yield. 
With a similar procedure, l-p-(chlorophenyl)pyrazolidine ( IIb)  (4) and 
I-p-tolylpyrazolidine (IIc) (5) were synthesized in moderate yields 
(Scheme I). 


Table I-Physical Properties of I -Phenyl-2-phenylcarbamoylpyrazolidines 


Melting Analysis, % 
Comwund X Y Point Yield, % Formula Caic. Found 


IIIa 


fIIb 


IIIc 


IlId 


IIIe 


IIIf 


IIIR 


IIIh 


IIIi 


111; 


IIIk 


1111 


H 


H 


H 


H 


H 


H 


H 


H 


H 


H 


CI 


CH:i 


116.5-118' a 


121-1230 


110-1120 


109-1 1 I ' 


117-118.5' 


142-143' 


110-113' 


97-98' 


100-101 ' 


125-127' 


130-133" 


89.5-91' 


52 


90 


58 


68 


54 


42 


50 


38 


32 


29 


54 


13 


c 71.89 
H 6.41 
N 15.72 
C 63.63 
H 5.34 
N 1,7:92 
C 63.68 
H 5.34 
N 13.92 
c 67.35 
H 5.65 
N 14.73 
C 68.67 
H 6.44 
N 14.13 
c 69.43 
H 6.80 
N 13.49 
C 72.83 
H 6.47 
N 14.99 
C 72.83 
H 6.47 
N 14.99 
C 64.66 
H 5.74 
N 13.31 
c 73.19 
H 7.17 
N 14.22 
c 63.68 
H 5.34 
N 13.92 
c 64.66 
H 5.74 
N 13.31 


71.98 
6.50 


1.5.70 
63.77 
5.48 


13.85 
63.79 
5.46 


13.90 
67.58 


5.59 
14.70 
68.4 1 
6.91 


13.95 
69.00 
6.24 


13.35 
72.78 
6.81 


15.05 
72.61 
6.61 


i4.9I 
64.70 
5.83 


13.47 
73.26 
7.05 


14.29 
63.82 
5.39 


14.01 
64.68 
5.85 


13.32 


Lit. (3) mp 114' 
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Reaction of these 1 -arylpyrazolidines with aryl-substituted isocyanates 
occurred readily to give the adducts IIIa-1111. In most cases, these adducts 
were accompanied by the corresponding ureas derived from the starting 
isocyanates. The unwanted urea by-products were insoluble in benzene 
and could be removed by trituration of the crude reaction mixture fol- 
lowed by filtration. The physical properties of IIIa-IIIl are given in Table 
I. 


Biological Activity-Compounds IIIa-1111 were examined in the 
maximal electroshock seizure and pentylenetetrazol seizure threshold 
tests for anticonvulsant activity and neurotoxicity in mice by reported 
procedures (1). With one exception, all compounds were devoid of anti- 
convulsant activity a t  the highest dose tested (300 mg/kg). Compound 
IIIh showed activity in the pentylenetetrazol seizure test a t  300 mg/kg 
(0.5 hr). None of the compounds showed toxicity a t  the three doses tested 
(30, 100, and 300 mg/kg). 


This study indicates that replacement of N-methyl by phenyl in I re- 
sults in a loss of anticonvulsant activity. Solubility tests in 5% HCI re- 
vealed that the N-methyl series of compounds (I)  (1) is soluble whereas 
the N-phenyl series (IIla-1111) is insoluble. Perhaps the inactivity of 
1110-IIII results from a failure in absorption caused by poor solubility. 


EXPERIMENTAL' 


I-Phenylpyrazolidine (1Ia)-To a stirred suspension of 40.42 g 
(0.960 mole) of a 57% mineral oil dispersion of sodium hydride in 500 ml 


Y e H N H 1  + Br(CH,),Br + 2NaH 


-+ y-(&N-NH n 
\I 


I I a : Y = H  
5: Y = Ci 
IIc: Y = CH, 


IIIa-1111 


Scheme I 


I Melting points were determined on a ThomasHoover apparatus and are un- 
corrected. IH spectra were taken on a Perkin-Elmer 700 spectrophotometer as either 
liquid films or potassium bromide pellets. NMR spectra were recorded on a Varian 
A-60A spectrometer with tetramethylsilane as the internal reference. Elemental 
analyses were performed by Dr. Kurt Eder, Geneva, Switzerland. 


of dry benzene, protected by a nitrogen atmosphere, was added dropwise 
a solution of 64.8 g (0.60 mole) of phenylhydrazine in 100 ml of dry ben- 
zene. The reaction mixture was warmed on an oil bath until hydrogen 
evolution (monitored by mercury bubbler) occurred. After 30 min, gas 
evolution had slowed; then 40.40 g (0.20 mole) of 1,3-dibromopropane 
was added in one portion to the reaction mixture, which had been cooled 
to room temperature. Upon heating, hydrogen was evolved over 1.5 hr. 


The mixture was then refluxed for 1.5 hr. A second portion of 40.40 g 
(0.20 mole) of l,%dibromopropane was added dropwise to the refluxing 
reaction mixture, and refluxing was continued overnight (17-18 hr). After 
cooling, the reaction mixture was washed twice with 100-ml portions of 
water, and the benzene layer was dried (magnesium sulfate). After re- 
moval of the benzene under reduced pressure, the residue separated into 
two distinct layers. The top mineral oil layer was separated off. The lower 
product layer was distilled and afforded 50.6 g (86%) of liquid, bp 81- 
86'/0.25 mm [lit. (3) bp 160°/20 mm]; IR (film): 3300 (NH) cm-I. 
I-p-(Chloropheny1)pyrazolidine (IIb) (4)-This compound was 


obtained from 11.8 g (0.083 mole) of p-chlorophenylhydrazine, 12.93 g 
(0.064 mole) of 1,3-dibromopropane, and 6.48 g (0.154 mole) of a 57% 
mineral oil dispersion of sodium hydride according to the same procedure 
used for the preparation of IIa. Distillation gave 6.03 g (52%) of product, 
bp 110-1 15'/0.25 mm; 1R (film): 3295 (NH) cm-'. 


1-p-Tolylpyrazolidine (IIc) (5)-This compound was prepared from 
12.5 g (0.102 mole) of p-tolylhydrazine, 15.9 g (0.0786 mole) of 1,3-di- 
bromopropane, and 8.0 g (0.190 mole) of a 57% mineral oil dispersion of 
sodium hydride according to the same procedure used for the synthesis 
of IIQ.  Distillation afforded 6.42 g (50%) of the pyrazolidine, bp 94'/0.15 
mm; IR (film): 3300 (NH) cm-'. 
l-Phenyl-2-(phenylcarbamoyl)pyrazolidines (111)-A typical 


reaction is described, that for the preparation of I-phenyl-2-p-tolylcar- 
bamoylpyrazolidine (IIIh). A mixture of 4.56 g (0.0308 mole) of IIa, 3.72 
g (0.028 mole) of p-tolyl isocyanate, and 40 ml of dry toluene was refluxed 
for 6 hr. The mixture was cooled, and the solvent was evaporated under 
reduced pressure. 


The remaining thick oily residue was triturated with petroleum ether 
and produced 8.0 g of solid crude product. The latter was triturated with 
benzene and filtered. Evaporation of the benzene solution gave a product 
uncontaminated with the urea by-product. Recrystallization from 95% 
ethanol gave 3.0 g (38%) of analytically pure material, mp 97-98'; IR 
(KBr): 1650 (C=O) and 3260 (NH) cm-I; NMR (CDC13): IS 2.23 (s, 3, 
CHd,  1.67-4.5 (m, 6, aliphatic ring H),  6.68-7.57 (m, 9, ArH), and 7.95 
(broad s, 1, CONH) ppm. 


REFERENCES 


(1) M. J. Kornet, J .  Pharm. Sci., 67,1471 (1978). 
(2) A. Michaelis, Justus Liebigs Ann. Chem., 252,266 (1871). 
(3) A. Michaelis and 0. Lampe, ibid., 274,316 (1893). 
(4) G .  A. Golubeva, Y. N. Portnov, A. N. Kost, and L. A. Sviridova, 


(5) H. Gysling and H. J. Peterli, U S .  pat. 2,936,290 (1960); through 
Khim. Geterotsikl. Soedin., 7(1), 118 (1971). 


Chem. Abstr.,  54, P24804f (1960). 


ACKNOWLEDGMENTS 


The authors are indebted to Mr. Gill D. Gladding, ADD Program, 
National Institutes of Health, for providing the anticonvulsant activity 
data and to Mrs. Kelly Filo for technical assistance in the syntheses. 


378 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 3, March 1979 












(43) N. K. Jerne and D. A. Nordin, Science, 140,405 (1963). 
(44) T. Iaarashi. M. Okada, S. Kishimoto. and Y. Yamamura, Im- 


munology. 28,37 (1975). 
(45) E. M. Uyeki, R. S. Klassen, and V. Llacer, Proc. Exp. Biol. Med., 


132,1140 (1969). 
(46) A. J .  Crowle and C. C. Hu, Proc. Soc. Exp. Biol., 127, 190 


(1968). ’ 
(47) A. J .  Crowle, C. C. Hu, and A. Patruce, J. Allergy, 42, 140 


(1968). 
(48) B. Baggett, 1. H. Hall, R. G. Boelgi, K. H. Palmer, and M. Wall, 


Fertil. Steril , 21,68 (1970). 
(49) I. Hall, G.  L. Carlson, G. S. Abernethy, and C. Piantadosi, J .  Med. 


Chem., 17,1253 (1974). 
(50) J. G. Wilson, in “First Fertility Conference on Congenital Mal- 


formations,” General Principles in Experimental Teratology, Lippincott, 
Philadelphia, Pa., 1961, pp. 187-194. 


(51) C. W. Emmens, Methods Horm. Res., 2.61 (1970). 
(52) D. A. Brodie and B. J. Chase, J. Castroenterol., 53,604 (1967). 
(53) S. A. Lang, B. D. Johnson, E. Cohen, A. E. Sloboda, and E. 


(54) G. W. Snedecor, “Statistical Methods,” Iowa State College Press, 


(55) E. Arrigoni-Mantelli, “Inflammation and Anti-inflammatories,” 


(56) Y. H. Chang, Annu. Rep. Med. Chem., 11,138 (1976). 


Greenb1att.J. Med. Chem , 19,1404 (1976). 


Ames, Iowa, 1956. 


Spectrum, New York, N.Y.. 1977. 


(57) 0. J. Mellbye, J. B. Natvig,?. E: Michaelson, and H. M. Hoyeraal, 
in “The Immunological Basis of Connective Tissue Disorders,” L. G. 
Silvestri, Ed., North-Holland Publishing, Amsterdam, The Netherlands, 
1975. 


(58) P. Davies and R. J. Bonney, Annu. Rep. Med. Chem., 12, 152 
(1977). 


(59) E. Munthe and J .  B. Natvig, Scand. J .  Irnrnunol., 1, 217 
(1972). 


(60) D. Hamerman, in “The Immunological Basis of Connective Tissue 
Disorders.” L. G. Silvestri, Ed., North-Holland Publishing, Amsterdam, 
The Netherlands, 1975, p. 17. 


(61) D. Hurwitz, N. E. Cremer, F. Quismorio, E. H. Lennette, and G. 
J. Friou, J. Rheum. (Suppl.) ,  1,120 (1974). 


(62) A. C. Allison, Ann. Rheum. Dis., 32,283 (1973). 
(63) P. Stastny, Arthritis Rheum., 16,572 (1972). 
(64) J. B. Peter, T. Konen, K. Stenepel, and C. Cardin, ibid., 14,179 


ACKNOWLEDGMENTS 
The authors acknowledge financial support from the following sources: 


University of North Carolina Research Council Grant VF475 awarded 
to I. H. Hall, NIH Grant CA-17625 and American Cancer Society Grants 
CH-19A and CH-19B awarded to K. H. Lee, and the Research Corpora- 
tion of America grant and the American Chemical Society grant awarded 
to T. G. Waddell. 


(1971). 


Simultaneous Solubilization of Steroid Hormones 11: 
Androgens and Estrogens 


B. LUNDBERG x, T. LOVGREN, and B. HEIKIUS 
Received March 1,1978, from the Department o/ Biochemistry and Pharmacy, Abo Akedemi, Porrhansgatan 3,20.500 Abo 50, 
Finland Accepted for publication October 18, 1978. 


Abstract The simultaneous solubilization of some androgens and 
estrogens in aqueous polysorbate 40, tetradecyltrimethylammonium 
bromide, and sodium lauryl sulfate was studied. The solubilizations of 
estradiol and testosterone were independent of each other in all three 
association colloids. However, if the estrogen component was ethinyl 
cstradiol, the soluhilization was dependent on the addition order. The 
estrogen precipitates more readily than testosterone in polysorbate 40 
and tetradecyltrimethylammonium bromide, but the opposite is true in 
sodium lauryl sulfate. The simultaneous solubilizations of methyltes- 
tosterone or ethisterone with the estrogens tested were different from 
those of testosterone. The solubilization behavior of the steroids is dis- 
cussed, starting with the pseudophase model and different solubilization 
loci. Results indicated that the free energy change of micellar binding, 
LGb. decreases with increased steroid polarity. The simultaneous solu- 
bilization cannot be predicted by ACb but may be explained by differ- 
ences in the solubilization mechanism. 


Keyphrases 0 Solubilization-androgens and estrogens in various as- 
sociation colloids 0 Androgens-solubilization in various association 
colloids D Estrogens-solubilization in various association colloids 


The solubilization of poorly soluble drugs is of great 
pharmaceutical interest. The surfactants used may be 
important in drug bioavailability (1). 


The solubilization of steroid hormones by aqueous so- 
lutions of surfactants was reviewed previously (2). More 
recent reports (3-7) indicated that solubilization continues 
to be of interest. 


A recent report from this laboratory (8) dealt with the 
simultaneous solubilization of estrogens and Cnl-steroids 


in aqueous solutions of association colloids. The poorly 
soluble estrogen, estradiol, solubilized independently of 
the Czl-steroids, whereas the solubilization of ethinyl es- 
tradiol was independent of corticosterone and hydrocor- 
tisone but dependent on the presence of progesterone and 
desoxycorticosterone (21-hydroxyprogesterone). 


This report deals with the dissolution behavior of es- 
trogens and androgens simultaneously solubilized in 
aqueous solutions of three association colloids chosen as 
representatives of nonionic, cationic, and anionic types. 


EXPERIMENTAL 


Materials-Purification methods and the tests of purity of the steroid 
hormones and the association colloids were described previously (8). The 
association colloids used were sodium lauryl sulfate’, tetradecyltri- 
methylammonium bromide*, and polysorbate 40“. 


Solubilization Experiments-The solubility studies were carried 
out as previously described (8). The procedures were: saturation of the 
solution of association colloid with the first steroid and quantitation of 
solubilized steroid, saturation with the second steroid, and, finally, UV 
spectroscopic quantitation of both solubilized steroids. Special notice 
was paid to complete equilibration of the solutions. The soluhilization 
temperatures were 20° for tetradecyltrimethylammonium bromide and 
polysorbate 40 and 40’ for sodium lauryl sulfate. 


The UV absorbance of the steroid solutions was recorded a t  around 


Koch-light Lahoratories. 
K & K Laboratories. 
Tween 40, Atlas Chemical Industries 
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Table I-Influence of the Addition Orde r  on Solubilization Capacities of Surfactants  fo r  Hormonal Steroids 


Moles of Steroid per Mole of Surfactant" 
Order of Addition of Steroid I I1 111 


First Second First Second First Second First Second 


Testosterone Estradiol 0.027 0.013 0.13 
Estradiol Testosterone 0.013 0.027 0.068 


Ethinyl estradiol Testosterone 0.063 0.027 0.078 
Methyltestosterone Ethinyl estradiol 0.046 0.18 0.13 
Ethinyl estradiol Methyltestosterone 0.18 0.046 0.27 
Ethisterone Estradiol - - 0.005 
Estradiol Ethisterone - - 0.068 


Testosterone Ethinyl estradiol 0.027 0.18 0.12 


0 I = polysorbate 40," = tetradecyltrimethylammonium bromide, and 111 = sodium lauryl sulfate. 


0.068 0.20 0.025 
0.13 0.025 0.20 
0.25 0.04 0.13 
0.024 0.065 0.18 
0.25 
0.12 - - 
0.068 - - 
0.005 - - 


- - 


280 nm for the estrogens and around 240 nm for the androgens. The molar 
absorptivity of the steroids in different colloid solutions was investigated. 
The steroids did not affect the molar absorptivity of each other. 


RESULTS 


The simultaneous solubilization of the estrogens estradiol and ethinyl 
estradiol and the androgens testosterone, methyltestosterone, and 
ethisterone in the three association colloids tetradecyltrimethylammo- 
nium bromide, polysorbate 40, and sodium lauryl sulfate was investigated. 
If excess estradiol was added to a solution saturated with testosterone, 
or vice versa, the steroids were solubilized in all three association colloids 
as if they had been added independently. The amount of steroids solu- 
bilized increased linearly with the concentration of association colloid. 


When ethinyl estradiol was used as the estrogen component together 


Figure l-(a) Solubility of testosterone in aqueous solutions of poly- 
sorbate 40. Key: 0,  testosterone only; A, testosterone first and ethinyl 
estradiol second; 0, ethinyl estradiol first and testosterone second; and 
0, testosterone and ethinyl estradiol at the same time. (b) Solubility 
of ethinyl estradiol in aqueous solutions of polysorbate 40. Key: 0, 
ethinyl estradiol only; A, testosterone first and ethinyl estradiol second; 
0, ethinyl estradiol first and testosterone second; and 0, testosterone 
and ethinyl estradiol at the same time. 


with testosterone, the solubilization was dependent on the order of ad- 
dition. If excess ethinyl estradiol was added to a saturated solution of 
testosterone in polysorbate 40, the two steroids solubilized independently 
(Fig. la) .  However, if the addition was done in the opposite order, the 
micellar solubilization of ethinyl estradiol dropped to 35% of its maximal 
value while testosterone was solubilized almost maximally (Fig. Ib). If 
excesses of both steroids were added a t  the same time, testosterone was 
solubilized maximally while the micellar solubility of ethinyl estradiol 
dropped to the same order of magnitude (-30%) as if it were added 
first. 


In tetradecyltrimethylammonium bromide, 8% of the solubilized tes- 
tosterone precipitated on addition of excess ethinyl estradiol which, in 
turn, reached 93% of i ts  maximal seturation (Fig. 2a). If the saturations 
were done in the opposite order, 71% of the solubilized ethinyl estradiol 
precipitated while testosterone reached only 72% of its maximal satura- 
tion (Fig. 26) .  


In a solution of sodium lauryl sulfate, the simultaneous solubilization 
of testosterone and ethinyl estradiol was strikingly different from that 
in polysorbate 40 and tetradecyltrimethylammonium bromide. Eighty 
percent of the solubilized testosterone precipitated on addition of excess 
ethinyl estradiol while the estrogen component solubilized maximally 
(Fig. 3a).  If the saturation were carried out in the opposite direction, 50% 
of the ethinyl estradiol precipitated and testosterone was solubilized 
almost maximally (Fig. 36) .  


Methyltestosterone showed a different solubility behavior from tes- 
tosterone. In polysorbate 40, the solubilities of methyltestosterone and 
ethinyl estradiol were independent of each other (Fig. 4). In the opposite 
direction, 17% of methyltestosterone precipitated and the estrogen 
component reached 93% of its maximal value (Fig. 4). 


Ethisterone was also studied. This androgen hormone has the lowest 
micellar solubility of all steroids tested. It was solubilized independently 
of estradiol in tetradecyltrimethylammonium bromide. 


The solubilization capacities of the three surfactants for the different 
steroids were calculated (Table I). 


DISCUSSION 


Solubilization was defined as the transfer of cosolute (X) from the pure 
state, either crystalline (c) or liquid (0,  to micelles (9). The process must 
be distinguished from micellar binding, which involves the transfer of 
cosolute from an aqueous (aq) solution into the micelle ( m ) .  The equi- 
librium between X,, and X, may be governed by the distribution law, 
or nonlinear isotherms (plot of [X,] against [Xnq]) are obtained for mi- 
cellar binding (9). T o  determine the micellar constants from solubility 
measurements alone, the micellar binding has to be governed by the 
distribution law. If the law is obeyed, saturation solubilities may be used 
for determination of the partition constant K, (9). 


The linear relationship between surfactant concentration and quantity 
of solubilized steroid in unsaturated systems is indicative of solubility 
governed by the distribution law. The linearity was confirmed for a 


Table  11-Free Energy Change, AGb, of Micellar Binding of 
Hormonal Steroids in Aqueous Solutions of Surfactants  


AGb, J mole-' 
Steroid I" I1 111 


Testosterone 14,322 18,217 19,285 
Ethisterone 14,583 19,254 20,594 
Estradiol 16,256 20,353 17,874 
Ethinyl estradiol 21,258 22,263 20,452 


a See footnote a, Table 1. 
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TETRADECYLTRIMETHYLAMMONIUM BROMIDE, M X 10’ 
Figure 2-(a) Solubility of testosterone in aqueous solutions o f  telradecyltr imethylammonium bromide. Key: 0,  testosterone only; A, testosterone 
first and ethinyl estradiol second; and 0 ethinyl estradiol first and testosterone second. (b) Solubility of ethtnyl estradiol in aqueous solutions 
of tetradecyltrimethylamnionium bromide. Key: 0, ethinyl estradiol only; A, testosterone first and ethinyl estradiol second; and 0, ethinyl estradiol 
first and testosterone second. 


I I 1 
0.5 1 .o 


SODIUM LAURYL SULFATE, M X 10’ 
Figure 3-(a) Solubility of testoslerone in aqueous solutions of sodium lauryl sulphgte. Key: 0,  testosterone only; A, testosterone first and ethinyl 
estradiol second; and a, ethinyl estradiol first and testosterone second. (b) Solubility o f  ethinyl estradiol i n  aqueous solutions of sodium lauryl 
sulfate. Key: 0, ethinyl estradiol only; A, testosterone first and ethinyl estradiol second; and 0, ethinyl estradiol first and testosterone second. 
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TETRADECY LTRIMETHY LAIMMONIUM 
BROMIDE, M X 10 


Figure 4-Solubility of ethinyl estrodiol in aqueous solutions of 
tetradecyltrimethylammonium bromide. Key: 0 ,  methyltestosterone 
only; A, methyltestosterone first and ethinyl estradiol second; and 0, 
ethinyl estradiol first and metkyltestosterone second. 


number of steroids by dialysis experiments (10). Thus, the partition 
constant between micellar and nonmicellar steroids can be defined by 
(9. 11): 


(Eq. 1) 


where K ,  is the partition constant, [XR] is the saturation solubility of 
steroid in the “micellar phase,” and [Xiq] is the saturation solubility of 
steroid in water. 


Although the two-phase model is inappropriate for describing mono- 
mer-micelle equilibria, it is useful for solubilizing systems. Accordingly, 
Eq. 2 (9, 11) can be used to calculate the free energy change of micellar 
binding AGb (J mole-’): 


AGb = -RT In K ,  (Eq. 2)  


By starting with the values of the water solubility of steroids (12) and 
solubilization capacities, AGb values of steroids solubilized separately 
and simultaneously were calculated (Table 11). The ACb values differed 
considerably. 


The introduction of an ethinyl group into the 17 a-position of estradiol 
decreased the AGb value greatly while the effect on testosterone was 
minor. This apparent contradiction can be explained by the effect of the 
ethinyl group on the polarity of the steroid molecule, increasing the net 
dipole moment of estradiol but reducing that of testosterone (13). Thus, 
AGb depends on the balance of hydrophilicity between the ends of the 
molecule, which determine the orientation of the molecules in the mi- 
celle. 


These results clearly indicate that AGb decreases with increased steroid 
polarity in contradiction to an earlier study (10). This result can be ex- 
plained by different solubilization mechanisms; nonpolar species are 
solubilized by the hydrocarbon core while the polar ones penetrate the 
palisade layer of the micelle. Furthermore, the location of the cosolute 
in the palisade layer can be characterized as deep or short penetration 
(14). Presumably, the polar steroids decrease the interfacial energy by 
orientating themselves in the palisade layer with the polar groups a t  the 


micelle-water interface. The solubilization of nonpolar species is deter- 
mined by the volume of the hydrocarbon core of the micelle (15). 


The fact that  testosterone and estradiol can be simultaneously solu- 
bilized independently of each other is consistent with the idea that ste- 
roids can be solubilized in differe’nt loci. Testosterone has a larger net 
dipole moment (13) and is likely to penetrate the palisade layer while 
estradiol is solubilized in the hydrocarbon core. This assumption is 
supported by observations indicating that testosterone is associated with 
the polar part of the micelle (16). 


The simultaneous solubilization of steroids cannot be predicted by the 
free energy of micellar binding (Table 11). Other factors obviously in- 
fluence the behavior of the steroids in the micellar solution. 


Ethinyl estradiol has a more negative ACb than testosterone but is 
solubilized only to -30% of its maximal value, while testosterone is sol- 
ubilized maximally. This contradiction may be explained by differences 
in the solubilization mechanism. Both ethinyl estradiol and testosterone 
are rather polar and are supposed to he solubilized in the palisade layer. 
However, the less polar testosterone is most likely to be solubilized by 
deep penetration while ethinyl estradiot could be solubilized by short 
penetration. Thus, the solubilization loci of the two steroids partly 
overlap. During simultaneous solubilization, a new state of equilibrium 
for the micelle has to be considered. Testosterone does not precipitate 
in polysorbate 40 and tetradecvltrimethylammonium bromide solutions 
when excess ethinyl estradiol is added because testosterone is more deeply 
embedded in the micelle. On the other hand, ethinyl estradiol precipitates 
011 addition of testosterone because the microenvironment of the micelle 
is changed in an unfavorable direction for solubilization of ethinyl es- 
tradiol. 


From the present data, the enthalpy and entropy contributions to the 
free energy of solubilization cannot be deduced, but some hypothetical 
conclusions can be drawn. If the micelle is assumed to be in liquid state 
(17), the partial molar entropy of solubilization is given by: 


(Eq. 3) 


where S,, Si, and S, are the entropies in the solubilized, liquid, and 
crystalline states, respectively. The transfer from the crystalline to liquid 
state implies an increase in entropy, which is assumed to be almost the 
same for all steroids. Hence, the entropy change of the transfer from pure 
liquid t o  micelle is most important and is dependent on the type of micelle 
and the interaction between the surfactant and cosolute. 


A similar change in enthalpy can be expected for the steroids dissolving 
in the micellar core. A different enthalpy change is observed for molecules 
solubilized at  the micelle surface. This factor, in addition to the entropy 
change, may be important in the simultaneous solubilization of ste- 
roids. 


as: = (S, - s,)p,l + (S, - S,),. l  
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Abstract 0 A method was developed for the analysis of testosterone 
17-enanthate 3-benzilic acid hydrazone, 17-@-estradiol 3,17-dienanthate, 
and estradiol benzoate combinations dissolved in an oily vehicle. Tes- 
tosterone 17-enanthate 3-benzilic acid hydrazone was separated from 
the other drugs and vehicle components by chromatography on an ace- 
tonitrile-infusorial earth column followed by quantitation using IJV 
spectroscopy. The estradiol esters were separated from the oil by an ad- 
ditional chromatographic step using a heptane-silanized infusorial earth 
column prior to quantitation by GLC. Subjecting formulations to elevated 
temperatures resulted in detectable losses for testosterone 17-enanthate 
3-benzilic acid hydrazone and 17-@-estradiol3,17-dienanthate. For hoth 
drugs. degradation was due to hydrolysis; the degradation products, 
testosterone 17-enanthate and 17-@-estradiol 17-enanthate, did not in- 
terfere with the intact drug determination. Methods also were developed 
to estimate degradation product levels in the formulation. 


Keyphrases Estrogens-analysis, stability in formulations containing 
corn oil, chromatography, separation from degradation products An- 
drogens-analysis, stability in formulations containing corn oil, chro- 
matography, separation from degradation products 0 Stability-estro- 
gens and androgens in formulations containing corn oil, chromatography, 
separation from degradation products 0 Corn oil-analysis, formulations 
with estrogens and androgens, stability 


Testosterone 17-enanthate 3-benzilic acid hydrazone 
(I), a novel androgen, produces prolonged hormonal effects 
following subcutaneous injection (I). This drug is an in- 
gredient in two injectable steroid formulations'~* that also 
contain 17-/3-estradiol3,17-dienanthate (11) and estradiol 
benzoate (111). One product' contains 150 mg of I, 7.5 mg 
of 11, and 1 mg of III/ml; the other2 contains the same 
amount of I and I1 but 3 mg of JII/ml. The vehicle for both 
products is a corn oil-benzyl benzoate-benzyl alcohol 
mixture. 


Drug determination in formulations containing vege- 
table oil usually requires separation of the drug substances 
from the oil components prior to quantitation (2-6). The 
added requirement that the method be stability indicating 
can add to the procedural complexity. In the present study, 
drug degradation products were characterized to demon- 
strate method selectivity. 


Additional methodology was developed to estimate the 
degradation product level so as to establish a mass balance 
between intact ingredient loss and degradate formation. 


EXPERIMENTAL 


Reagents-All solvents and chemicals were reagent grade unless 
otherwise specified. 


Assay-Sample Preparation-Approximately 500 mg of the formu- 
l a t i ~ n ' . ~  was weighed accurately into a 5-ml volumetric flask. The sample 


Climacteron Injection. Charles E. Frosst. Montreal. Quebec, Canada * Lactostat Injection. CharleR E. Frosst, Montreal, Quebec, Canada. 


0 
II 


6 H  
1 


0 


I11 
was dissolved in n-heptane (saturated with 90% ethanol) and diluted to 
volume with the same solvent. 


Standard Solutions-For 13, 0.75 mg/ml in denatured alcohol (ethanol 
90'33, methanol 10%) was prepared. 


For 113 and H I 4 ,  either 0.75 mg of Il/ml and 0.1 mg of III/ml in chloro- 
form (formulations containing 1 mg of Ill/ml) or 0.75 mg of II/ml and 0.3 
mg of III/ml in chloroform (formulations containing 3 mg of III/ml) were 
prepared. 


For the internal standard (for I1 and 111 determination), 0.75 mg of 
li-@-estradioI3,17-dicaproate (IVs)/ml of chloroform was prepared. 


I fktermination-A 1.0-ml aliquot of the sample solution was trans- 
ferred to the top of a chromatography column6 containing 9 mi of ace- 
tonitrile (saturated with heptane) support,ed on 8 g of infusorial earth'. 
The column was eluted using 300 ml of heptane (saturated with aceto- 
nitrile) a t  a flow rate of -8 ml/min. The eluate was retained for I1 and 
111 determination (Eluate A). 


When the solvent level reached the support surface, the elution was 
continued using 100 ml of chloroform. The eluate (Eluate R )  was col- 
lected, the solvent was evaporated, the residue was transferred quanti- 


Merck Frosst Production Laboratories, Valleyfield, Quebec, Canada. 
Houssel Ltd., Montreal, Quebec, Canada. 
Prepared by the esterification of 17-fl-estradiol. 
A 2.4-cm X 16-cm glass column equipped with a stopcock. 
Celite 545, Johns-Manville Product Corp., New York, NY 10016. 
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tatively to a 100-ml volumetric flask using denatured alcohol, and the 
solution was diluted to volume with the same solvent. A 5.0-ml aliquot 
of this solution was transferred into a 50-ml volumetric flask, and the 
volume was brought to -40 ml with denatured alcohol. A 1.0-ml aliquot 
of the standard I solution (0.75 mg/ml) was diluted in a parallel manner. 
Both flasks were heated to 70' for 0.5 hr, cooled, and diluted to volume 
with denatured alcohol. The UV spectrasfor sample and standard were 
recorded, and the absorbance maximum at 282 nm was used for quanti- 
tation. 


/ I  and 111 Detwmination-A 1.0-ml aliquot of the internal standard 
solution (0.75 mg of IV/ml) was transferred to the 300 ml of heptane el- 
uate (Eluate A). The solvent was evaporated, the oily residue was dis- 
solved in about 2 ml of heptane (saturated with 90% ethanol), and the 
bulk of the solution was then transferred to a liquid chromatography 
columnfi containing 4 ml of heptane (saturated with 90% ethanol) sup- 
ported on 6 g of silanized infusorial earth (2). 


The column was eluted with 90 ml of 90% ethanol (saturated with 
heptane), the eluate was collected (Eluate C), the solvent was evaporated, 
and the residue was dissolved in -1 ml of silylation reagentg. 


One-milliliter aliquots of the standard 11-111 solution and the IV so- 
lution were combined, the solvent was removed, and the residue was 
dissolved in -1 ml of silylation reagent. 


Approximately 2 pI of the sample was injected into a gas chromato- 
graph"' equipped with a 1 . 8 . ~  x 2-mm i.d. glass column packed with 5% 
OV- 101 on Gas Chrom Q'l (80-100 mesh). 


Following the injection, the oven temperature was programmed from 
290 to 300' at 2"/min and was maintained a t  the higher temperature until 
the diglycerides from the vehicle eluted. The injection and temperature 
programming were repeated for the silylated standard. Area@ of the 
peaks for 11-IV from sample and standard chromatograms were used for 
quantitation. 


Degradation Product Identification and Estimation-Testos- 
terone Enanthate-Replicate heat-stressed formulation' samples were 
passed through the normal and reversed-phase partitioning steps of the 
assay procedure. A series of experiments was performed on the ethanol 
fractions (Eluate C) to demonstrate the presence of testosterone-17- 
enanthate fV): 


1. The solvent was removed from one sample, the residue waa silylated, 
and 2 pI was injected onto a 5% OV-lOlll column with a column tem- 
perature at  29Oo1O. 


2. Two microliters of the silylated residue from 1 was also injected onto 
a 1% Silar 10CI3 column maintained a t  250''O. 


3. The residue from a replicate sample was saponified by heating a t  
reflux in alcoholic sodium hydroxide (1 N )  for 2 hr. After solvent removal, 
the organic residue was dissolved in chloroform and injected into a 5% 
OV-101 column" with the oven a t  260°10. 


4. Another sample was concentrated to -1 ml, and a portion was 
spotted on a TLC platet4. The plate was developed with benzene-ether 
( I : ]  ) and visualized using iodine vapor and UV. 


Henzilic Acid Hydrarrde-An aged formulation' sample was applied 
to the acetonitrile-infusorial eart.h column, and the chloroform eluate 
containing I was taken to dryness. The residue was dissolved in 1 ml of 
p-nitrobenzaldehyde in methanol (2.18 mg/ml), a drop of acetic acid was 
added, and the solution was refluxed for 15 min. The reaction mixture 
was transferred to a 100-ml volumetric flask and diluted to volume with 
methanol-water (1:l). A similar reaction and dilution were performed 
on pure benzilic acid hydrazide3 (VI). 


The sample was filtered through a 0.4-pm membrane'5 to remove 
undissolved I,  and 50 pl was injected into a high-pressure liquid chro- 
rnatographI6. With a 25-cm X 4.6-mm stainless steel column packed with 
octadecylsilane permanently bonded to 10-pm silicaI7, a mobile phase 
of methanol-water ( l : l ) ,  a flow rate of 1.5 ml/min [-1500 psi (105 kg/ 


* Reckman model DR-C. 


lo Perkin-Elmer model 900. The chromatographic conditions were: nitrogen flow, 
25 ml/min; hydro en flow, 40 ml/min; air flow, 500 ml/min; injector temperature, 
310"; and manifoh temperature. 330'. 


I I  Prepared by the solution coatin technique win a 5% (w/v) solution of OV-101 
in chloroform, followed by fluidizedidrying. The cofumn was conditioned a t  300O 
for 18 hr prior to use. 


l 3  Prepared by the solution coating technique using a 1% (w/v) solution of Silar 
1OC in chloroform coated on Chromosorb W, which was sieved, acid washed, and 
silanized in these laboratories. 


TRISIL. Pierce Chemical Co., Rockford, 111. 


Hewlett-Packard model 3380 A digital integrator. 


Silica gel C 60 F254.250 r m  on aluminum, E. Merck. 
l5 Nuclepore Corp., Pleasanton, Calif. 
l6 DuPont model 830 equipped with a sampling valve, a variable-wavelength 


17 Partisil-1025 ODS, Whatman Inc., Clifton. N.J. 
detector, and a thermostated oven. 


Table I-Formulation Ingredient Elution on a n  Infusorial 
Earth-Acetonitrile Column 
~~~~~~ ~ 


Component Elution Volume, ml 


Corn oil <50 
Benzyl benzoate <50 
I1 < 50 
111 175 
Benzyt alcohol 250 
I 450 


0 Climacteron Injection, Charles E. Frosst. Montreal, Quebec, Canada. 


cm2)I. and a column temperature of 40'. derivatized VI was separated 
from other formulation components. Quantitation was achieved by 
comparing the peak areall from the sample chromatogram to that for 
pure VI. 


Estradiol Monoenanthate-A formulation2 sample stored a t  40" for 
1 year was subjected to the usual analytical procedure, except that  the 
silanized residue was split into two portions. One portion, analyzed by 
the routine method using an OV-101 columni', showed a 12% I1 loss. 
Examination of the other portion by GLC-mass spectrometry18 W a r  
1OCl3, 240') indicated a component with the same retention time and 
mass spectrum as 17-P-estradiol17-enanthate (VII). TLC also indicated 
a component with the R/ and visualization characteristics of VII. 


17-P-Estradiol 17-Enanthate Preparation-A Ii  sample dissolved 
in benzyl benzoate (7.5 mg/ml) was heated a t  160' for 4 days. Examina- 
tion by GLC indicated a 50% I1 loss with the formation of a more volatile 
product having 45% of the original I1 area. 


The mixture was chromatographed over alumina, and the degradation 
product present in the methanol eluate was isolated as an oil in ap- 
proximately 98% purity (GLC). Maceration of the oil with petroleum 
ether yielded a solid, mp 96-98', The solid IR spectrum (chloroform) 
showed absorption a t  3595 cm-' [within the band expected for phenolic 
-OH stretch, a somewhat longer wavelength than would be expected 
for a secondary alcohol (7)) and a t  1720cm-' (ester C=O). On TLCI4 with 
benzene-ether (9:l) as a developing solvent, the substance migrated as 
a single UV-absorbing spot (R/ 0.5), which gave a positive test when the 
plate was treated with p-nitrobenzenediazonium fluoroborate spray re- 
agent. These data indicate that the product was 17-@-estradiol 17-en- 
anthate. 


A GLC-mass spectrometricIs study gave evidence consistent with this 
finding. Approximately 500 pg of the solid was dissolved in 200 p1 of 


1 


rf mo II I 


I I I 


40 30 20 10 i, 
MINUTES 


Figure 1-Chromatogram of the fraction containing I/ and I// obtained 
from a formulation. Chromatographic conditions were: column, 5% 
OV-I01 on Gas Chrom Q; column temperature, 290-300' at 2a/min and 
then isothermal a t  300'; injector, 310'; manilold, 330'; and nitrogen 
flow, 25 mllmin. 


I* LKB model 9OOO. ionizing voltage 70 ev. 
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Table 11-Replicate Sample. Assays 
~ 


I, mg/ml 11 *, mg/ml Ill, mg/ml 


149.0 7.99 0.996 
147.8 8.14 0.964 
145.4 8.18 0.986 
152.6 7.93 1.010 
150.4 7.97 0.988 
144.8 7.78 0.954 


Mean 148.3 
SD f2.7 
cv. % f 1 . 8  


8.00 
f0.13 
f1.7 


. 


0.983 
f0.019 
11.9 


Climacteron Injection, Charles E. Frosat, Montreal, Quebec, Canada. There 


S ~ I O ~ - H T P ' ~ .  This solution gave one GLC peak (Silar lOC, 1.4%, 0.91 
m X 2 mm, 240', retention time of 3 min). The mass spectrum showed 
a very strong molecular ion and the fragmentation pattern expected for 
the 3-trimethylsilyl ether of estradiol 17-enanthate (8-10) [m/e 458 
(relative intensity 1%), 457 (37). 456 (M+, 1001, 441 (31,343 (l), 328 (2), 
327 (6). 298 (2), 297 (4), 257 (l) ,  245 (3), 244 (a), 232 (4), 231 (a), 229 (2), 
219 (2), 218 (7), 217 (2), 205 (5), 113 (5), 85 (2). 75 (2), 73 (lo), 57 (2), 
55 (2), and 43 (11)). A different fragmentation pattern would be expected 
if the carboxylate moiety were attached to the steroid aromatic A ring, 


RESULTS AND DISCUSSION 


is a 5% overage for 11 (theoretical input of 7.875 mg/ml). 


Assay-Quantitation of 1-111 required separation of the three drugs 
from the other vehicle components. 


I Determination-The acetonitrile-infusorial earth column retained 
1 while allowing 11, 111, corn oil, benzyl alcohol, and benzyl benzoate to 
be eluted with heptane (Table I).  Initial experiments using a nitro- 
methane-infusorial earth column resulted in less effective I and Ill 
separation. 


Compound I was eluted from the column with chloroform, a solvent 
of sufficiently high polarity to strip the acetonitrile liquid phase and any 
retained compounds from the column. The large I quantity in the for- 
mulation coupled with its high absorptivity ( A : ; ,  492 a t  282 nm) made 
any interference from other compounds negligible. Prior to UV deter- 
mination, the eluted I was heated a t  70' for 30 min to ensure that the 
syn-anti isomerization had reached equilibrium (11). 


Quantitation was achieved by comparing the I sample absorbance to 
that for a standard I solution that had been similarly equilibrated. The 
Beer-Lambert law was valid for the equilibrium mixture of the two I 
isomers in the concentration range used for UV measurements. 


I I  and I I I  Determination-Following elution from the reversed-phase 


1 1 I 
40 30 20 10 


MINUTES 


Figure %--Chromatogram of pharmaceutical oehicle without drugs. 
Conditions were the same as for Fig. 1 .  


l9 Supelco, Bellefonte, &. 
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Figure &('A) Chromatogram of the fraction containing II and III from 
a freshly prepared formulation. (B)  Chromatogram of the fraction 
containing I I  and  I I I  from the same sample after storage for 12 weeks 
a t  SO'. Conditions were the same as for Fig. I. 


column, the ethanol solution containing I1 and Ill was evaporated and 
treated with silylation reagent. Compound 111 reacted to form the 17- 
trimethylsilyl ether (IIIa); the major corn oil components present in this 
fraction, the diglycerides of oleic and linoleic acid, also reacted to form 
trimethylsilyl derivatives. 


A typical gas chromatogram obtained during formulation' analysis 
(Fig. 1) illustrates that  11, IIIa, and the internal standard (IV) were well 
separated from each other as well as from V and the silylated diglycerides. 
Benzyl benzoate and benzyl alcohol were obscured in the solvent front. 
A chromatogram for the vehicle alone, after it has passed through the 
whole analytical procedure, is shown in Fig. 2. 


The general method employed for I1 and 111 quantitation involved 
comparing the sample internal standard (IV) peak ratios with the cor- 
responding ratios for a standard solution. GLC response versus concen- 
tration plots for I1 and IIIa were linear, demonstrating that a single 
standard with concentrations approximating those present in the sample 
is adequate for the quantitative analysis of the two estrogens. 


Assay Precision-Results of six replicate assays carried out on a single 
formulation1 over several weeks are shown in Table 11. Between assays, 
the sample waa stored a t  -20' to eliminate degradation. The method had 
adequate precision, and the drug recovery posed no problem. 


Degradation Product  Identification a n d  Estimation-[ Degra- 
dation-Benzilic acid hydrazones undergo acid hydrolysis (12). For I, 
this reaction would produce V and VI. Compound V could be readily 
detected in the formulation during the GLC analysis of I 1  and 111. Like 
I1 and 111, V was eluted from both normal and reversed-phase liquid 
chromatographic columns. A V peak can be seen in Fig. 1. 


Compound I degradation could be monitored by the size of the V peak 
in the chromatogram, although interfering components from the corn 
oil prevented accurate V quantitation. Figure 3A shows a chromatogram 
obtained from freshly prepared formulation1. A small V peak, repre- 
senting less than 0.2% of the I content, was barely discernible. A chro- 
matogram obtained after storing the sample for 12 weeks a t  50' is shown 
in Fig. 3B. Comparison of the V peak area to that of authentic material 
indicated about 6.2 mg/ml (equivalent to a loss of 9.2 mg/ml for I)  while 
the UV I assay indicated a lO.b-rng/ml loss from the initial value. 


The component shown in Fig. 3 was V and not a product formed from 
corn oil degradation. The retention time of the component was compared 
to that for an authentic V sample on a 5% OV-101 column and on a 1% 
Silar 1OC column. The latter column was prepared with a very polar cy- 
anosilicone liquid phase and had markedly different selectivity than the 
nonpolar OV-101 column. On both columns, there was good agreement 
between the retention times for V and the component from the heat- 
stressed formulation'. Additionally, a sample of this heat-stressed for- 
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mulation was saponified and analyzed by GLC. The reaction mixture 
showed a component with the same retention time as testosterone. A spot 
characteristic of V was observed also when the heat-stressed sample was 
examined by TLC. 


The other fragment (VI)  from the hydrolytic I degradation was not 
routinely detected during the assay. A very polar compound, VI is re- 
tained on the acetonitrile-infusorial earth column and is eluted with I 
by chloroform. Since VI had a weak absorbance a t  the 1 maximum, A::m 
< 1 a t  282 nm, its presence did not interfere significantly with the I de- 
termination. 


The VI in a heat-stressed formulation’ sample was detected by allowing 
the hydrazide to react with excess p-nitrobenzaldehyde and subjecting 
the mixture to HPLC analysis. This analysis indicated the presence of 
2.6 mg of VI/ml (equivalent to hydrolysis of 6.8 mg of l/ml). UV assay 
showed 141.2 mg of I/ml (a loss of 8.8 mg/ml). 


I1 and 111 Degradation-Hydrolysis would be expected to he the major 
mode of degradation for I1 and 111, as it is for I. Compound I1 would he 
expected to give 17-@-estradiol 17-enanthate (VII) and/or 17-fl-estradiol 
%enanthate (VIII). Compound I11 would be expected to give 17-P-es- 
tradiol. Since Ill was stable under extremely stressful conditions (120’ 
for 48 hr), its decomposition was not considered further. On the other 
hand, I1  decomposed demonstrably with time. 


A VII sample was prepared by heating I1 in benzyl benzoate. The iso- 
lated material’s structure was verified by IR, GLC-mass spectrometry, 
and TLC. Examination of a severely stressed formulation‘ by GLC-mass 
spectrometry indicated a component with the same retention time and 
mass spectrum as VII. Evidence confirming the presence of VII in the 
stressed formulation was obtained by TLC. 


The VII retention time on the OV-101 column was similar to that for 
V; when mixed, the two components eluted as a single peak. Thus, if  


present in the formulations, VII would not be detected in a normal 
analysis. The two steroids were separated on a Silar 1OC column. Analysis 
of a heat-stressed formulation* using this column showed the presence 
of 0.85 mg of VII/ml (equivalent to a loss of 0.95 mg of II/ml) while the 
analysis for I1 using the OV-101 column resulted in a value of 6.94 mg/ml 
(a loss of 0.96 rng/ml from the initial value). 
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Abstract 0 UV spectrophotometry, high-pressure liquid chromatog- 
raphy. and NMR were used to investigate sxn-anti isomerization i n  
testosterone 17-enanthate :%-l)enzilic acid hydrazone. In the crystalline 
state, the isomeric ratio is dependent on the crystallization solvent. In 
solutions, including injectable pharmaceutical lormulations, an equi- 
lihriuni isomer mixture ( 2 1 )  is formed. 


Key phrases 0 Testosterone hydrazones-isotnerizatio~i, UV spect ro- 
photometry. high-pressure liquid chromatography. NMR, el‘lect of 
crsstallization solvent 0 Isomerization --testosterone hydrazones, cllect 
01’ crg.stallizntion solvent 


Compounds containing an azo function can exist in syn- 
or anti-configuration. Most phenylhydrazones, semicar- 
bazones, and thiosemicarbazones form equilibrium isomer 
mixtures in solution (1). syn--anti Isomerization was de- 
tected by NMR in the 3-oximes of a series of testosterone 
derivatives (2). Separation of 17cu-ethynyl-17/3-acetoxy- 
19-norandrost-4-en-3-one oxime isomers using high- 
pressure liquid chromatography (HPLC) was also reported 
( 3 ) .  


The object of the present study was to  determine 
whether testosterone 17-enanthate 3-benzilic acid hy- 
drazone ( I ) ,  a long-acting androgen, exists as a single iso- 
mer or as a syn-anti mixture. 


EXPERIMENTAL 


Stock solutions of I’ in methanol or  ethanol, -0.75 mg/ml, were used 
Ii)r equilibration studies. These solutions were diluted 1 to 50 prior to UV 
measuremen t2. 


High-pressure liquid chromatograms were obtained using an instru- 
ment:’ with a 254-nm fixed-wavelength detector and a column4 (25  cm 
X 2 mm i.d.) packed with 6-pm silica particles. The mobile phase WQS 
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1 Merck Frosst Production 1,aboratories. Valleyfield. Quebec, Canada. 
‘2 Hcckman model DB-C: and Cary model 15. 
3 DuPont model 890. 
4 Zorbax-SIL. DuPont. 
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stabilization in the present study. At this level, the tablets consistently 
exhibited the smallest average pore size irrespective of the relative 
changes in the size and volume of pores resulting from the swelling of 
starch grains or deposition of salicylic acid in the tablet pores. The role 
played by subliming salicylic acid and its contribution to the occlusion 
of the micropores were also evident in this study from the reduction in 
pore volumes and the size of the pores with increased periods of exposure 
to water vapor. 


SUMMARY AND CONCLUSIONS 


Silica I was studied with respect to its physicochemical and surface 
properties and its ability to stabilize a hydrolabile drug (aspirin) in tablet 
matrixes. The major findings of the investigation were: 


1. Silica I exhibited an adsorption behavior characteristic of adsorbents 
with limited pore volume. The monolayer capacity and the specific sur- 
face area, determined by both water vapor and nitrogen adsorption iso- 
therms employing the BET theory of multilayer adsorption, revealed the 
superior moisture adsorption capacity of I as compared to the other silicas 
tested. 


2. The void volume of aspirin-silica tablets compressed under constant 
compressional force was proportional to the silica content of the tablets. 
Silica contributed approximately six times as much to the void volume 
as did aspirin on an equal weight basis. Therefore, it was necessary to 
control the void space of the tablets to eliminate the effect of the void 
volume variable in the interpretation of stability data. 


3. The stability of aspirin tablets containing I a t  concentration levels 
of 0-15% was investigated under storage conditions of a continuous 
moisture supply (82% RH) a t  40°. A t  the end of 120 days, tablets con- 
taining up to 5% I exhibited improved aspirin stability in comparison to 
control tablets. An optimum concentration of 3% silica, however, showed 
maximum stabilization; the tablets containing 10 and 15% silica showed 
progressively poorer stability, approaching that of the control tablets a t  
the end of 120 days. 


4. Silica I, with superior moisture adsorption properties, proved to be 
of significant value in enhancing the stability of the hydrolabile test drug 
(aspirin) by acting as an internal moisture scavenger. This study also 
demonstrated the importance of controlling the tablet void space in 
studies involving stability evaluation of drugs prone to moisture hy- 
drolysis in solid drug dosage systems. 
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Abstract 0 Metal-binding stability constants for several heterocyclic 
aminoalkyl disulfides and thiosulfates with Ni(11) and Al(111) were de- 
termined. The data obtained indicated that both classes of compounds 
were acting as bidentate chelating agents and that the heterocyclic rings 
apparently prevented tridentate behavior of the disulfides because of 
steric hindrance. The magnitude of the constants indicated that metal 
complexes of these compounds could exist in a cellular environment, but 
no  correlation with radiation-protective activity was apparent. 


Keyphrases 0 Disulfides, aminoalkyl-metal-binding stability con- 


stants determined, relation to radiation-protective activity 0 ‘I’hiosul- 
fates, aminoalkyl--metal-binding stability constants determined, relation 
to radiation-protective activity 0 Metal binding-stability constants 
determined for various aminoalkyl disulfides and thiosullates, relation 
to radiation-protective activity 0 Binding, metal-stability constants 
determined for various aminoalkyl disulfides and thiosulfates, relation 
to radiation-protective activity ILdiation-protective activity-various 
aminoalkyl disulfides and thiosullates, relation to metal-binding stability 
constants 


Aminoalkyl disulfides and thiosulfates have strong ra- 
diation-protective properties in animals (1 ,  2). The fact 
that  the protective compounds all have a two- or three- 


carbon distance between the amino and sulfur functions, 
which confers potential metal-chelating ability to  them, 
suggests that  metal binding may be important in their 
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Table I-Ionization Constants (25") 


Comoound DKa1 DKap 


Bis[2-(N-piperidy1)ethyl) disulfide 7.78 6.22 
Bis(2-(N-3-methylpiperidyl)ethyl] disulfide 7.64 6.13 
Bis[2-(N-4-methylpiperidyl)ethyl] disulfide 7.63 5.86 
Bis 2-(N-morpholinyl)ethyl] disulfide 5.50 4.26 


8.50 2.00 
6.51 2.38 2-(N- Morpho1inyl)ethanethiosulfuric acid 


2-[2-(2-Pyridyl)ethylamino]ethanethiosulfuric acid 9.33 2.28 


2 4  tt -Piperidyl)ethanethiosulfuric acid 


radioprotective mechanism. 
Several postulations have related radiation-protective 


activity to the ability to bind metals f3,4), and a correlation 
between the extent of complexation of catalase, an iron- 
containing protein, and the protective ability in mice was 
observed (5) .  Therefore, it was considered important to 
ascertain the magnitude of the metal-binding ability of 
such compounds and to compare it to their radiation- 
protective properties. The role of metal binding in cellular 
radiation protection is not clear, but several observations 
indicated that metal ions are involved in both radiation 
damage and protection (6). 


Both the disulfide group and thiosulfate ion bind metals 
(7), but there are few examples of the metal-complexing 
avidities of organic disulfides or thiosulfates. Stability 
constants for a CU(II) complex of 2,2'-dithiobis(ethy1- 
amine) (8) and for CU(II), AKIII), and Fe(II1) complexes of 
2-aminoethanethiosulfuric acid and 3-aminopropane- 
thiosulfuric acid (9) have, however, been reported. Also, 
an X-ray diffraction study of the nickel complex of bis[2- 
[ 2-(2-pyridyl)ethyl]aminoethyl] disulfide revealed an ex- 
tremely stable complex with five coordinate bonds to the 
nickel ion from one molecule of disulfide (10). 


EXPERIMENTAL 


Matekials-Analytical reagent grade aluminum chloride hexahydrate 
and nickel chloride hexahydrate were used. Carbonate-free 0.01 N KOH 
was prepared according to Armstrong (1 1). Solutions of the metal salts 
were prepared in boiled distilled water and stored in polyethylene bottles 
under nitrogen; they were diluted quantitatively with carbon dioxide-free 
water just prior to use. Normalities were checked against potassium bi- 
ph thala te. 


The organic ligands, isolated as the dihydrochlorides of the disulfides 
or as the zwitterions of the thiosulfates, were prepared as described 
previously (12), with one exception. Purity was ascertained by TLC. 
Chromatogram sheets' were spotted with approximately 0.1% solutions 
of the compounds in ethanol, and the sheets were developed with ben- 
zene-methanol (9:l). After the sheets were removed from the chamber 
and dried, spots were detected by UV light. The presence of one spot 
confirmed the absence of contaminating compounds. 
2-[2-(2-Pyridyl)ethylamino]ethanethiosulfuric Acid-To a so- 


lution of 2-[2-(2-pyridyl)ethylamino]ethanethiol (12) (8.35 g, 0.046 mole) 
in 60 ml of methanol were added potassium metabisulfite (1 1.1 g, 0.05 
mole) and 10 ml of water. The resulting mixture was refluxed overnight, 
cooled to room temperature, and filtered to remove potassium thiosulfate. 
The filtrate was flash evaporated, and the residue was treated with boiling 
methanol and filtered. Evaporation of the methanol left an oil, which was 
triturated several times with anhydrous ether; 5.4 g (45% yield) of a col- 
orless oil was obtained; n = 1.5523; IH (neat): 3450 (NH), 1590 (pyridine 
ring), 1235 and 1180 (S2On-), 1020, and 760 (NH) cm-I. 


And-Calc. for C9H14N20:{S2: C, 41.20; H, 5.39; N, 10.68; S, 24.44. 
Found: C, 40.95; H, 5.36; N, 10.34; S, '24.16. 


Ionization Constants-The method of Albert and Serjeant (13) 
consisted of titrations of 0.001 M aqueous solutions of the compounds 
with 0.01 N KOH in 0.5-ml portions. The pH was recorded" after each 


1 Eastman. 
Heckman research pH meter with glass and calomel electrodes. 


Table 11-Stability Constants for  Aminoalkyl Disulfides and 
Thiosulfates 


Ni(1l) 
Al(11i) Com- 


Complexes plexes, 
log log log 


Compound Kz KR Ki 
13.45 4.21 


Bis(2-(N-4-methylpiperidyl)ethyl]disulfide t1.34 9.65 3.18 
Bis[2-(N-3-methylpiperidyl)ethyl] disulfide - 10.36 2.87 
Bis 2-(N-morpholinyl)ethyl) disulfide 8.03 5.96 4.46 


- 4.38 
2-(N-Morpholinyl)ethanethiosulfuric acid 7.36 4.18 - 
2-[2-(2-Pyridyl)ethylamino]ethanethiosulfuric -- 11.43 5.50 


Bis[2-(N-piperidyl)ethyl] disulfide - 


2 4  IL -Piperidyl)ethanethiosulfuric acid - 


acid 


addition. Each titration thus yielded 10 pH values, giving 10 values for 
the pKa, which were averaged (Table I). When pH values fell outside the 
5-9 range, corrections were made for hydrogen- or hydroxide-inn con- 
centrations. 


Stability Constants-Potentiometric titrations were carried out 
under nitrogen in 95% ethanol at 26" with the described equipment. 
Volumes of 50 ml of the 0.001 M solutions of the organic ligands were 
titrated with 0.01 N KOH in 0.5-ml portions, first in the absence of metal 
ions and then in the presence of 0.0005 mole of divalent metal salt or 
0.00033 mole of trivalent metal salt. 


Volumes of 50 ml of the same quantities of the metal salts also were 
titrated with 0.01 N KOH. The pH readings were recorded 2 min after 
each addition of titrant to allow equilibrium to be reached. Solvent 
concentration a t  the end of the titrations was approximately 72% etha- 
nol. 


Calculations were performed as previously described (14) with a 
computer. The log K1 values for the Ni(i1) complexes and the log K2 and 
log KR values for the Al(11i) complexes are recorded in Table 11. Values 
for K1, K P ,  and K R  were obtained from Eqs. 1-3, according to Flood and 
Loras (14) and Albert (15): 


(Eq. 1) 


(Eq. 2) 


(Eq. 3) 


where E is the average number of ligand molecules bound by a metal ion 
a t  any stage in complex formation and [L-]  is the concentration of the 
free chelating species. 


The K ,  values for the Al(11i) complexes were not uncovered, possibly 
because of nonstepwise complexation (no values for ii below 1, and in 
some cases below 2, were obtained). Representative values for the con- 
stants obtained for the Al(11i) complex of t)is[2-(N-4-methylpiperidyl)- 
ethyl] disulfide are shown in Table I l l .  Values of K Z  for the Ni(i1) com- 
plexes could not be obtained because of the formation of precipitates. 
Representative titration data for the Ni(l1) complex of bis[2-(N-piper- 
idyl)ethyl] disulfide are listed in Table IV. 


RESULTS AND DISCUSSION 


Both nitrogens of the bis(2-aminoethyl) disulfide molecule, as well as 
the disulfide function, are capable of  simultaneous attachment to the 


Table  111-Potentiometric Titration of Bis[2-(N-l- 
methylpiperidyl)ethyl] Disulfide Dihydrochloride and 
Aluminum(ll1) Chloride 


- 1% [L-1 n log K:! log K :I PH 
11.51 1.76 11.01 - :1.20 - 


3.24 - 11.56 1.84 11.16 - 
11.67 1.87 11.18 - :x30 - 11.71 1.96 11.68 - 3.34 - 


3.40 - 11.80 2.02 - 8.58 
3.46 - 11.88 2.09 - 9.16 
3.50 - 11.91 2.19 - 9.49 
3.55 - 11.95 2.29 -. 9.68 
3.59 - 11.96 2.41 - 9.91 
3.63 1 I .97 2.49 - 10.03 


log mean of antilogs 11.34 9.65 


- 
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n Table IV-Potentiometric Titration of Bis[f-( N-piperidyl)- 
ethyl] Disulfide Dihydrochloride with Nickel(I1) Chloride 


H 
I I1 


same metal ion (8). This molecule, as well as those titrated in this study, 
is B complex-forming species of type HLKLH and has the added stabi- 
lizing factor of the disulfide group, which would provide chelate rings of 
five or six members. Complex structures of types I and 11, with a divalent 
metal ion (Mz+), are theoretically possible. 


Steric hindrance between the heterocyclic rings could prevent the 
formation of 11, however; relevant equilibria in acid solution would then 
be: 


M*+ + +HLRIdH+ 2 +HLRLM2+ t H+ 


M'+ t 2+HLKLH+ c-' (+HLRL)2M2+ + 2H+ 
Scheme I 


With a metal having hexacoordinate capacity, a 3:l complex would also 
be possible: 


M2+ t 3+HLKLH+ C' (+HLRL)aM2+ t 3H+ 
Scheme I1 


With these compounds, steric hindrance by the heterocyclic rings might 
prevent formation of a 3 1  complex. 


Titration data for the Ni(11) complexes gave values only for KI.  Pre- 
cipitation generally took place before values of Ti exceeded 1. For the 
disulfides, log K l  values ranged from 2.87 to 4.46; the values for the two 
thiosulfuric acids where constants were obtained were 4.38 and 5.50. 
These constants were obtained in the pH 5.75-7.20 range where pro- 
tonation of the nitrogens should not be extensive. Therefore, both the 
nitrogen and sulfur functions should participate in complex formation, 
and structures of type I 1 1  are proposed for these complexes. The thio- 
sulfates are believed to coordinate through the thiosulfate ion (16), in 
addition to the amino group, as shown previously for 2-aminoethane- and 
3-aminopropanethiosulfuric acids (9). 


Complexation of the hydrochlorides of the aminoalkyl disulfides with 
AI(III)  generally occurred in the pH 2.8-3.6 range. At this pH range, one 
nitrogen may he expected to be protonated; coordination to the metal 
ion would, therefore, take place only through one nitrogen and sulfur. 
The fact that values for K, for the A~( I I I )  complexes were not found, as 
well as values for K z  in some cases, indicates that two or three ligands 
combine in a nonstepwise fashion. If coordination were taking place 
through both nitrogens and sulfur, the molecules would act as tridentate 
ligands, and a total of three ligand molecules would be required to give 
values for K R .  which would exceed the coordination capacity of Al(i11). 


The stability constants of the 2:1 and 3:l complexes obtained appear 
to be too high for binding to either nitrogen or sulfur alone, so complexes 
involving one nitrogen and one sulfur are proposed. Log K ,  values for the 
binding ofAg(1) and Cu(r11 to piperidine, for instance, are 3.16 (17) and 
2.81 (18). respectively. Where a terdentate chelate is involved, as pos- 
tulated for bis(2-aminoethyl) disulfide, the K' value for the Cu(t1) com- 
plex is 5.02 X 106 (8). Comparison of the found constants with these values 
indicates both nitrogen and sulfur coordination to metal. 


From the magnitude and nature of the stability constants, it is apparent 
that steric hindrance by the heterocyclic rings prevents the compounds 
from acting as terdentate ligands but does not prevent the formation of 
2 1  and 3 1  bidentate complexes. However, the lower values for stability 


III 


PH 
- 
n 


- 
6.72 5.81 
6.78 5.84 
6.83 5.86 


0.05 2.89 
0.18 3.50 
0.31 3.82 


6.88 E.85 0.46 4.09 . .~ 


6.92 
6.96 


5.84 
5.83 


. ~~ 


0.63 
0.76 


4.41 
4.70 
4.21 log mean of antilogs 


constants of the morpholine-substituted complexes indicate some in- 
terference by the morpholine oxygen. Also, the 3 -  and 4-methyl groups 
of the piperidine rings both lower metal-binding avidity, probably ster- 
ically. The exceptionally high constant found for 2-[2-(2-pyridyl)ethyI- 
aminojethanethiosulfuric acid in comparison to other organic thiosdfuric 
acids, e.g., those studied here and in Ref. 9, indicates possible terdentate 
ligand behavior for Ni(n). 


Comparison of the metal-binding strengths of these compounds with 
the radiation-protective activities in mice (Table V and Ref. 19) showed 
no apparent correlation. Of the compounds studied here, bis[Z-(N- 
morpholinyl)ethyl] disulfide showed the greatest protective effect, giving 
5096 survival at 30 days, but had the lowest metal-binding constants for 
Al(1i1) of the disulfides observed. Its log K1 for Ni(i1) was slightly higher 
than those values for the other disulfides but did not differ greatly from 
the log K 1 for 2-(N-piperidyl)ethanethiosulfuric acid, which provided 
only 20% protection to mice. 2-(N-Morpholinyl)ethanethiosulfuric acid, 
however, with somewhat lower binding constants for A~(III) ,  had no ra- 
diation-protective ability. 


I t  is unfortunate that radiation-protective data were not obtained for 
2-(2-(2-pyridyl)ethylamino]ethanethiosulfuric acid, which had the 
highest log K1 for Ni(1I). Although a comparison between two different 
types of compounds, disulfides and thiosulfuric acids, may not be valid, 
a comparison between the binding ability to catalase and the radiation- 
protective ability in mice showed a correlation with several varieties of 
compounds, including dithiocarbamates, trithiocarbonates, and thiols 
( 5 ) .  


The magnitude of the metal-binding stability constants observed with 
these disulfides and thiosulfuric acids is relatively high, particularly for 
the Al(111) complexes. Since they are equal to or greater than corre- 
sponding values for the common amino acids and peptides (15,201, it may 
be concluded that these compounds are capable of combining with metal 
ions in a cellular environment. Since no correlation between the magni- 
tude of the stability constants and radiation-protective ability was evi- 
dent, any involvement with metal ions in the radiation-protective process 
would most likely be transient, and formation of relatively stable metal 
complexes would not be anticipated. 
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300 Oral 
600 Oral 


100 Oral 


~ 
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20 
20 
40 
10 
10 
20 _. 


300 Oral 22' 
Bis[2-(N-piperidyl)ethyll 20 Intraperitoneal 0 


disulfide 20 Intraperitoneal 10 
100 Oral 10 
200 Oral 20 
60 Intraperitoneal 20 2-(N-Piperidyl)ethanethio- 


sulfuric acid 180 Oral 0 
2-(N-Morpholinyl)ethane- 100 Intraperitoneal 0 
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Abstract 0 The penetration of isooctane and water into tablets of mi- 
crocrystalline cellulose, dibasic calcium phosphate dihydrate, spray- 
crystallized maltose-dextrose, and blends of microcrystalline cellulose 
with one of the other excipients were studied. The isooctane penetrations 
occurred according to the Washburn equation and were not affected by 
the presence of 0.5 or 1.0% magnesium stearate. The inhibition of aqueous 
penetration into tablets resulting from hydrophobic magnesium stearate 
was less pronounced for vehicles like dibasic calcium phosphate, which 
exhibited extensive brittle fracture under compression. Microcrystalline 
cellulose tablets, both with and without magnesium stearate, exhibited 
extremely fast aqueous penetration even a t  low porosities, caused by 
breaking of the hydrogen bonds and subsequent widening of the pores. 
Ratios between water uptake and original pore volume up to 20 were 
obtained for microcrystalline cellulose tablets. This unique property was, 
however, suppressed by the presence of fast dissolving and highly soluble 
excipients like dextrose, resulting in an antagonistic disintegration be- 
havior of tablets compressed a t  pressures over 10,000 N/crn2. Improved 
disintegration properties were obtained by blending microcrystalline 
cellulose with an insoluble vehicle such as dibasic calcium phosphate 
dihydrate. 


Keyphrases 0 Cellulose, microcrystalline-effect on liquid penetration 
and disintegration of directly compressed tablets 0 Penetration, liq- 
uid-isooctane and water into directly compressed tablets, effect of mi- 
crocrystalline cellulose 0 Disintegration-directly compressed tablets, 
effect of microcrystalline cellulose 0 Tablets, directly compressed-liquid 
penetration and disintegration, effect of microcrystalline cellulose 
Excipients, tablet-microcrystalline cellulose, effect on liquid penetration 
and disintegration of directly compressed tablets 


Cellulose was prepared previously in a microcrystalline 
form having unique properties as a directly compressible 
tablet vehicle (1). Its disintegration behavior was attrib- 


uted (2 ,3)  to the entrance of water into the tablet matrix 
by capillary forces and subsequent breaking of hydrogen 
bonds. The hypothesis that hydrogen bonds determine 
both mechanical strength and disintegration of micro- 
crystalline cellulose tablets was confirmed using a deute- 
rium exchange technique (4). 


BACKGROUND 


Microcrystalline cellulose was suggested to be useful as a disintegrating 
agent when used in a proportion of a t  least 20% (5). One study (6) found 
that the disintegration properties of microcrystalline cellulose were ex- 
tremely pressure dependent, and the material was relatively ineffective 
as a disintegration agent in insoluble, direct compression systems. Mi- 
crocrystalline cellulose appeared, however, to be a useful complementary 
disintegrant. The disintegration time of tablets of a cation-exchange resin 
was reduced significantly in the presence of microcrystalline cellulose 
(6). 


A similar synergistic effect was also reported (7). Tablets containing 
microcrystalline cellulose and corn starch showed a shorter disintegration 
time than those containing the disintegrating agent alone. I t  was sug- 
gested that microcrystalline cellulose accelerated water penetration and, 
thus, swelling of the corn starch. 


The penetration rate of a liquid into a porous structure is dependent 
on the balance between capillary and opposing viscous forces and is given 
by: 


where L is the penetrated length a t  time t, m is the hydraulic pore radius, 
y is the surface tension of the liquid, 0 is the contact angle between liquid 
and solid, is the liquid viscosity, and iZ0 is a constant dependent on pore 
shape. If the total cross-sectional area of the pores does not vary with 
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Abstract 0 The penetration of isooctane and water into tablets of mi- 
crocrystalline cellulose, dibasic calcium phosphate dihydrate, spray- 
crystallized maltose-dextrose, and blends of microcrystalline cellulose 
with one of the other excipients were studied. The isooctane penetrations 
occurred according to the Washburn equation and were not affected by 
the presence of 0.5 or 1.0% magnesium stearate. The inhibition of aqueous 
penetration into tablets resulting from hydrophobic magnesium stearate 
was less pronounced for vehicles like dibasic calcium phosphate, which 
exhibited extensive brittle fracture under compression. Microcrystalline 
cellulose tablets, both with and without magnesium stearate, exhibited 
extremely fast aqueous penetration even a t  low porosities, caused by 
breaking of the hydrogen bonds and subsequent widening of the pores. 
Ratios between water uptake and original pore volume up to 20 were 
obtained for microcrystalline cellulose tablets. This unique property was, 
however, suppressed by the presence of fast dissolving and highly soluble 
excipients like dextrose, resulting in an antagonistic disintegration be- 
havior of tablets compressed a t  pressures over 10,000 N/crn2. Improved 
disintegration properties were obtained by blending microcrystalline 
cellulose with an insoluble vehicle such as dibasic calcium phosphate 
dihydrate. 


Keyphrases 0 Cellulose, microcrystalline-effect on liquid penetration 
and disintegration of directly compressed tablets 0 Penetration, liq- 
uid-isooctane and water into directly compressed tablets, effect of mi- 
crocrystalline cellulose 0 Disintegration-directly compressed tablets, 
effect of microcrystalline cellulose 0 Tablets, directly compressed-liquid 
penetration and disintegration, effect of microcrystalline cellulose 
Excipients, tablet-microcrystalline cellulose, effect on liquid penetration 
and disintegration of directly compressed tablets 


Cellulose was prepared previously in a microcrystalline 
form having unique properties as a directly compressible 
tablet vehicle (1). Its disintegration behavior was attrib- 


uted (2 ,3)  to the entrance of water into the tablet matrix 
by capillary forces and subsequent breaking of hydrogen 
bonds. The hypothesis that hydrogen bonds determine 
both mechanical strength and disintegration of micro- 
crystalline cellulose tablets was confirmed using a deute- 
rium exchange technique (4). 


BACKGROUND 


Microcrystalline cellulose was suggested to be useful as a disintegrating 
agent when used in a proportion of a t  least 20% (5). One study (6) found 
that the disintegration properties of microcrystalline cellulose were ex- 
tremely pressure dependent, and the material was relatively ineffective 
as a disintegration agent in insoluble, direct compression systems. Mi- 
crocrystalline cellulose appeared, however, to be a useful complementary 
disintegrant. The disintegration time of tablets of a cation-exchange resin 
was reduced significantly in the presence of microcrystalline cellulose 
(6). 


A similar synergistic effect was also reported (7). Tablets containing 
microcrystalline cellulose and corn starch showed a shorter disintegration 
time than those containing the disintegrating agent alone. I t  was sug- 
gested that microcrystalline cellulose accelerated water penetration and, 
thus, swelling of the corn starch. 


The penetration rate of a liquid into a porous structure is dependent 
on the balance between capillary and opposing viscous forces and is given 
by: 


where L is the penetrated length a t  time t, m is the hydraulic pore radius, 
y is the surface tension of the liquid, 0 is the contact angle between liquid 
and solid, is the liquid viscosity, and iZ0 is a constant dependent on pore 
shape. If the total cross-sectional area of the pores does not vary with 
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Table I-Compression Force, Tablet  Porosity, Calculated Pore Volume, Volumetric Isooctane Uptake, and  Ratio of Volumetric 
Isooctane Uptake and  Calculated Pore  Volume of the Tablets from Figs. I and 2 


Compression Calculated Volumetric Ratio of Volumetric 
Force, Porosity, Pore Volume, Uptake, Uptake and Calculated 


Formulation N % cm3 cm2 Pore Volume 


Microcrystalline cellulose 4700 20.3 0.082 0.078 0.95 
Dibasic calcium phosphate dihydrate 7900 20.8 0.057 0.053 0.93 


Dibasic calcium phosphate dihydrate plus 0.5% magnesium 7900 21.2 0.059 0.055 0.93 


Spray-crystallized maltose-dextrose 3400 20.2 0.084 0.068 0.81 
Microcrystalline cellulose plus 0.5% magnesium stearate 4700 20.0 0.082 0.078 0.95 


Spray-crystallized maltose-dextrose plus 1.0% magnesium stearate 2600 20.4 0.084 0.071 0.85 
stearate 


length, the volume of liquid taken up by a tablet will be proportional to 
the length of penetration. Therefore, the relationship between the square 
of volumetric uptake and time is linear (8). 


Ganderton and coworkers (9-12) studied liquid penetration of tablets 
by cyclohexane and water. Highly permeable tablets allowed rapid 
penetration of the liquid, which isolated a large fraction of the total pore 
space and resulted in low final degrees of saturation; less permeable 
tablets became fully saturated. Addition of starch had no significant effect 
on the pore structure of the tablet but disrupted and altered the structure 
when penetrated by water (10). 


In a study of the effect of magnesium stearate distribution on water 
penetration, Ganderton (9) reported a large depression of the aqueous 
penetration rate in the presence of magnesium stearate. The increase in 
penetration time was roughly proportional to the magnesium stearate 
concentration and was susceptible to the method of mixing. This finding 
suggested a proportional increase in the internal surface of the tablet 
containing magnesium stearate and in the number of capillaries unable 
to conduct water. The cyclohexane penetration, which freely wets the 
lubricant, was not inhibited by magnesium stearate. 


Previously (13), various excipients were evaluated for tableting by 
direct compression. The excipients studied could be classified roughly 
into disintegrating agents with poor flowahility (microcrystalline cellulose 
and directly compressible starch) and into free flowing vehicles exhibiting 
no disintegration (dibasic calcium phosphate) or disintegration by dis- 
solution (lactose and dextrose). To optimize the characteristics for direct 
Compression, excipients from the group with disintegrant properties were 
blended with excipients from the group with free flowing properties (14). 
Blending these excipients resulted, however, in synergism or antagonism 
in disintegration. 


The objectives of the present investigation were to study the effect of 
microcrystalline cellulose on water penetration into tablets compressed 
from an insoluble or a soluble directly compressible excipient and to 
elucidate the difference in disintegration efficiency of this material in 
different systems. 


EXPERIMENTAL 


Materials-The directly compressible materials used were micro- 
crystalline cellulose', unmilled dibasic calcium phosphate dihydrate2, 


Figure I--lsooctunc> pcvwtration into tablets compressed from dibasic 
calcium phosphate dihydratc (a), spray-crystalliz(~d rnaltosr-dextrose 
(A). and microcrystallinr cr//u/ose (0) Tablet porosity uias ahout 
20',  . 


Avicel I'H 101, American Viscose Division, FMC Corp.. Marcus Hook. Pa. 
Emcompress, Edward Mendcll GI., New York. N.Y. 


and spray-crystallized maltose4extrose3. Dextrose4 (Ned. Pharm. grade), 
magnesium stearate5 (Ph. Ned. grade) (a lubricant), and isooctanefi 
(analytical grade) also were used. 


Methods-Mixing-The excipients were mixed, with (0.5 or 1.0%) 
or without magnesium stearate, by blending 300 g of material in a 3.4- 
cubic liter tumbling mixer a t  60 rpm for 15 min. 


Tablet Compression-Tablets, 9 mm in diameter, were prepared by 
introducing, manually, 250 or 500 mg of the excipient or blend into the 
die of a flat-faced punch and die system. The die was prelubricated by 
careful dusting with magnesium stearate. The punch and die system was 
mounted between the plattens of an instrumented hydraulic press7 and 
loaded a t  different forces with a Compression rate of 2000 N/sec. When 
the desired force was attained, the crosshead was reversed a t  the same 
speed as the compaction process. 


The tablets were manually ejected from the die, using a PVC-punch. 
The porosity and pore volume of a tablet were calculated from its weight 
and volume and the density of the blend, as measured with an air com- 
parison pycnometers. 


Crushing Strength -The crushing strength of the tablets was deter- 
mined immediately after compression by placing the tablets diametrically 
between the plattens of an instrumented hydraulic press' and applying 
a loading rate of 50 N/sec. 


Liquid Pmetration-The rate at  which liquid penetrated into a tablet 
was measured by placing the tablet on the glass filter plate of a modified 
thermostated penetration apparatus, as originally described by Enslin 
(15). The liquid uptake rate was read from the graduated pipet. Pene- 
trations were carried out with isooctane a t  0 f 0.5O and with water a t  97 
f 0.5'. Corrections were made for liquid evaporation. The penetrations 
and porosity data given are the means of a t  least five measurements. 


Wettability-The wettability of the excipients and blends was char- 
acterized by contact angle determinations, as described previously 
(16). 


RESULTS AND DISCUSSION 


Figure 1 shows isooctane penetration a t  0" into 500-mg tablets of mi- 


. 


SECONDS 


Figure 2-Isooctane penetration into tablets compressrd from dihasic 
calcium phosphate dihydrate plus 0.5!'{, magnesium stearate (B), 
spray-crystallized ma/tose-dextrose plus 1.0"; ma&nesium stearate (A), 
and microcrystalline cellulose plus 0.5r,  magnesium strarute (8) .  
Tablet porosity was about 20r,  . 


Emdex, Edward Mendell Co. ,  New York, N.Y. 
Lamers en Indemans, 's-Hertogenbosch. The Netherlands. 
Cheni. Fahriek I h .  0. Hreycr, Vcnlo, The Netherlands. 


Hydro Mwii, Appingedam. The Netherlands. 
6 E. Merck. Darmstadt, West Germany. 


8 Model 930, Reckman Instruments. Fullertiin. Calif. 
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Table 11-Compression Force, Tablet  Porosity, Calculated Pore Volume, Volumetric Water Uptake, and Ratio of Volumetric Water  
Uptake and Calculated Pore Volume of t he  Tablets f rom Figs. 3-6 


~~ 


Compression Calculated Volumetric Ratio of Volumetric 
Force, Porosity, Pore Volume, Uptake, Uptake and Calculated 


cm3 ~~ ~ C m 3  Pore Volume Formulation N % 


Microcrystalline cellulose 4,700 20.6 0.042 0.220 5.2 
Microcrystalline cellulose plus 0.5% magnesium stearate 4,700 19.7 0.039 0.220 5.6 
Microcrystalline cellulose 20,000 5 1  0.009 0.175 19.4 
Microcrystalline cellulose plus 0.5% magnesium stearate 20,000 6.1 0.010 0.175 17.5 
Microcrystalline cellulose 19.000 5.5 0.010 0.175 17.5 
Microcrystalline cellulose plus 0.5% magnesium stearate 30,000 5.5 0.010 0.175 17.5 


Dibasic calcium phosphate dihydrate plus 0.5% magnesium 7,900 20.9 0.057 0.0:19 0.68 
Dibasic calcium phosphate dihydrate 7,900 20.2 0.056 0.053 0.95 


Dibasic calcium phosphate dihydrate 20,000 15.3 0.039 0.039 1 .oo 
Dibasic calcium phosphate dihydrate plus 0.5% magnesium 20,000 14.9 0.038 0.032 0.84 


stearate 


stearate 
Spray-crystallized maltose-dextrose 3,400 19.5 0.080 0.140 1.75 
Spray-crystallized maltose--dextrose plus 1.0% magnesium stearate 2,600 19.5 0.080 0.030 0.37 
Spray-crystallized maltose-dextrose 20,000 2.7 0.005 0 0 
Spray-crystallized maltose-dextrose plus 1.0% maanesium stearate 20.000 3.4 0.006 0 0 


~ 


crocrystalline cellulose, dibasic calcium phosphate dihydrate, or spray- 
crystallized maltose-dextrose, all having a porosity of about 20%. Table 
I summarizes compression force, porosity, calculated pore volume, vol- 
umetric uptake, and ratio between uptake and pore volume data. A linear 
relation was obtained between the square of the volumetric uptake and 
time. This result is in accordance with the Washburn equation, as ex- 
pected, because isooctane does not loosen bonds between particles, 
keeping the pore structure constant during penetration. 


The dextrose and dibasic calcium phosphate tablets exhibited a higher 
penetration rate than the microcrystalline cellulose tablets, indicating 
that the latter had smaller pores. The penetration rate was hardly in- 
fluenced by magnesium stearate (Fig. 21, because of complete wetting 
of the excipienta and of magnesium stearate by isooctane. Consequently, 
all tablets became almost saturated (Table I). These results are in 
agreement with the work of Ganderton (9), who reported that cyclohexane 
uptake into magnesium carbonate tablets was not affected by magnesium 
stearate. 


Water penetration into tablets containing no lubricant is presented 
in Fig. 3. A linear relationship existed between the square of volumetric 
uptake and time only for the dibasic calcium phosphate tablets. The 
patterns of aqueous penetration into the dextrose and microcrystalline 
cellulose tablets were quite different. The increased penetration rate of 
water into dibasic calcium phosphate tablets, compared with the isooc- 
tane penetration, was mainly caused by the higher surface tension of 
water. 


The rate a t  which water entered the dibasic calcium phosphate tablets 
strongly decreased when the excipient was blended with 0.5% magnesium 
stearate and compressed to a porosity of about 20% (Fig. 4). Magnesium 


U 


v, l oo t  i" 
10 20 30 0 


SECONDS 


Figure 3- W a f e r  penetration into tablets compressed from dibasic 
calcium phosphate dihydrate (0). spray-crystallized maltose-dextrose 
(A), and microcryxtalline cellulose (0). Tablet porosity was about 
20%. 


stearate molecules are sheared off from their crystal surface during a 
mixing process and are attached to a substrate surface (17,18). Therefore, 
a hydrophilic dibasic calcium phosphate surface, exhibiting a contact 
angle of Oo, can be transformed into a strongly hydrophobic surface, ex- 
hibiting a contact angle of about 120°, which corresponds to the contact 
angle of magnesium stearate (16). This change in surface characteristics 
can be nullified, however, by fracture of crystalline material during 
compaction with the creation of clean lubricant-free surfaces. The smaller 
decrease in the penetration rate found for tablets compressed a t  a higher 
compaction force after blending with 0.596 magnesium stearate (Fig. 4) 
could, therefore, be expected from the compaction behavior of dibasic 
calcium phosphate, which exhibits an extensive brittle fracture (19). 


The ratio between volumetric uptake and calculated pore volume of 
the tablets is given in Table 11. The ratios obtained for the plain dibasic 
calcium phosphate tablets indicate saturation of the tablets whereas the 
tablets containing magnesium stearate were less saturated. The obser- 
vation of an increased saturation with an increase in compaction pressure 
for the tablets blended prior to compression with magnesium stearate 
is consistent with the behavior of brittle fracture during compaction. 


Spray-crystallized maltose-dextrose tablets showed extremely high 
penetration rates during the early stages of penetration, but these rates 
decreased rapidly with time (Fig. 3). The volumetric uptake of the tablets 
was greater than the calculated pore volume (Tahle 11). The fact that both 
the initially increased penetration rate and the water uptake were higher 
than the pore volume was probably caused by the dissolution of the freely 
soluble dextrose during the penetration process, resulting in wider pores 
and an increased pore volume. Dissolution, however, sharply increased 


20 2! 


SECONDS 


Figure 4- Water  penetratirirz i n t o  tab lc ts  comprrssc~d f r o m  dihasic 
calcium phosphate  diliydrate (0.0) and dihnsic calcium phosphate  
dthydrafe  plus 0. t5r ,  magnesium stearatc, (m, t) Tablct porrisifirs i i w e  
about 20',(. (a,.) a n d a h o u t  1.5', (0.t). 
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Table 111-Compression Force, Tablet Porosity, Calculated Pore Volume, Volumetric Water Uptake, and Ratio of Volumetric Water 
Uptake and Calculated Pore Volume of the Tablets from Figs. 9 and 10 


Formulation0 


Compression Calculated Volumetric Ratio of Volumetric 
Force, Porosity, Pore Volume, Uptake, Uptake and Calculated 


N 9t C m "  cm3 Pore Volume 


Dibasic calcium phosphate dihydrate (I) 
1 plus 10% microcrystalline cellulose 
I plus 20% microcrystalline cellulose 
1 plus 40% microcrystalline cellulose 
Microcrystalline cellulose 


~ 


5,000 
5,000 
5,000 
5,000 
5,000 


I 20,000 
I plus 10% microcrystalline cellulose 20,000 
I plus 20% microcrystalline cellulose 20,000 
I plus 40% microcrystalline cellulose 20,000 
Microcrystalline cellulose 20,000 


a All formulations contained 05% magnesium stearate 


the viscosity of the penetrating liquid, which resulted in a slowdown in 
the penetration rate. 


Water penetration into the dextrose tablets with a porosity of 20% was 
dramatically inhibited by 1% magnesium stearate and even stopped be- 
fore saturation of the tablet (Fig. 5 and Table 11). Low porosity tablets 
compressed at  20,000 N, both with and without magnesium stearate, were 
not penetrated by water a t  all because of the extremely small pores and 
dissolution of dextrose. 


Microcrystalline cellulose tablets (Fig. 3) showed extremely high 
penetration rates, which were almost constant (Fig. 6). Furthermore, the 
tablets, having a porosity of about 2096, exhibited a volumetric uptake 
about five times higher than the calculated pore volume (Table 11); the 
ratio between uptake and pore volume was about 20 for the tablets with 
an initial porosity of about 5%. Because of the laminary cracking of 
500-mg tablets when penetrated with water, these microcrystalline cel- 
lulose tablets were compressed from 250 mg of material, giving lower 
calculated pore volumes than for the tablets penetrated with isooctane 
(Table I ) .  


The linearity between the volumetric water uptake and time for the 
microcrystalline cellulose tablets (Fig. 6) indicates that the capillary force 
driving the liquid into the tablet is opposed by a constant viscous resis- 
tance. A constant viscous resistance can only be realized, however, if the 
hydraulic radius of the capillaries increases during penetration. Since 
the hinding between microcrystalline cellulose particles is attributed to 
hydrogen bonds, a fairly constant volumetric penetration rate into these 
tablets may be explained hy the breaking of the hydrogen bonds imme- 
diately behind the penetration front and a subsequent increase in the 
penetrated pore volume. This concept is consistent with the high ratio 
between water uptake and original pore volume (Table 11). 


Moreover, observation of the tablet during penetration showed swelling 
of the penetrated part of the tablet, which was completed when water 
uptake had finished. In accordance with the findings of Nogami et al. (7), 
swelling of the individual microcrystalline cellulose particles as proposed 
by Fox et al. (2) could not he established. The effect of hydrophobic 
magnesium stearate on the penetration of water into microcrystalline 
cellulose tablets is shown in Fig. 6 for different porosities. The 0.5% 
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Figure 5- Watpr penetration into tablets compressed from spray- 
crystallized maltose-dextrose (A) and spray-crystallized maltose- 
dextrose plus I 0:; magnesium atearate (A). Tablet porosity was about 
20 sc . 
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24.7 0.036 
23.9 0.036 
23.7 0.037 
22.4 0.037 
19.7 0.038 
14.9 0.019 
12.9 0.0 17 
10.5 0.014 
7.9 0.01 1 
6.1 0.010 


~ 


0.015 
0.036 
0.070 


0.42 
1.00 
1.90 


0.120 
0.220 
0.018 


3.24 
5.3 
0.95 


0.028 1.65 
0.060 4.28 
0.100 9.1 
0.175 17.5 


magnesium stearate decreased the penetration rate into the tablets 
having a porosity of about 20%. The tablets compressed at a force of 
20,000 N exhibited a porosity of 5.1 and 6.1% when compressed without 
and with 0.5% magnesium stearate, respectively. The increased porosity 
was caused by an increased relaxation of the tablet when compacted in 
the presence of magnesium stearate. Because of this relaxation, it was 
not possible to produce tablets with a porosity of 5.1% from a blend 
containing 0.5% magnesium stearate. The lowest porosity obtained was 
5.596, and it was reached with a compaction force of 30,000 N or higher. 
Comparison of lubricated and nonlubricated microcrystalline cellulose 
tablets with a porosity of 5.5% showed a decreased penetration rate for 
the luhricated tablets. 


50 100 150 0 


SECONDS 


Figure 6-Water penetration into tablets compressed from micro- 
crystalline cellulose (O,V,A) and microcrystalhe cellulose plus 0.5"( 
magnesium stearate fO,T,A). Tablet porosities were about 20% (O,.), 
5.57;. ( A , A ) , ~ ~ . I %  (V),and6.1°;, (v). 
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COMPRESSION FORCE, N ' 


Figure 7-Disintegration time versus applied compression force for 
tablets compressed from dibasic calcium phosphate dihydrate (X). 
microcrystalline cellulose (6). and blends ( i f  dibasic calcium phosphate 
with 10 (O), 20 (m), and 40% (A) microcrystalline cellulose. All tablets 
contained 0.5r; magnesium stparate. 
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Table IV-Cornpression Force, Tablet  Porosity, Calculated Pore Volume, Volumetric Water  Uptake, a n d  Ratio of Volumetric Water  
Uptake and Calculated Pore Volume o f t h e  Tablets from Figs. 11 a n d  12 


Compression 
Force, 


S ray-crystallized maltose-dextrose (11) 5,000 
Ifplus 10% microcrystalline cellulose 5,000 
I1 plus 20% microcrystalline cellulose 5,000 
I1 plus 40% microcrystalline cellulose 5,000 
Microcrystalline cellulose 5,000 
I1 20,000 
I1 plus 10% microcrystalline cellulose 20,000 
I1 plus 20% microcrystalline cellulose 20,000 
I1 plus 40% microcrystalline cellulose 20,000 
Microcrystalline cellulose 20,000 


Formulation" N 


Calculated 
Porosity, Pore Volume, 


% cm3 


Volumetric 
Uptake, 


C d  


Ratio of Volumetric 
Uptake and Calculated 


Pore Volume 


13.1 0.025 
13.9 0.026 
15.9 0.031 
17.7 0.036 
19.7 0.039 
3.4 0.006 
3.8 0.006 
4.1 0.007 
5. I 0.009 
6.3 0.010 


0.014 
0.033 
0.042 
0.163 
0.230 
0 
0 
0.005 
0.023 
0.190 


0.56 
1.27 
1.35 
4.52 
5.9 
0 
0 
0.70 
2.55 


19.0 


a All formulations contained 1.0% magnesium stearate. 


The penetration measurements presented were performed, as an ex- 
tension of previous investigations (14), to elucidate the difference in 
disintegration behavior of the tablets compressed from dibasic calcium 
phosphate dihydrate-microcrystalline cellulose and from spray-crys- 
tallized maltose-dextrose-microcrystalline cellulose blends. Figures 7 
and 8 [abstracted from previous work (14)] show a synergistic behavior 
in disintegration time for the dibasic calcium phosphate-microcrystline 
cellulose tablets but an antagonistic behavior for the dextrose-micro- 
crystalline cellulose tablets. 


The plain dibasic calcium phosphate tablets, lubricated with 0.5% 
magnesium stearate, exhibited extremely low penetration rates for 
compaction forces of 5000 and 20,000 N (Figs. 9 and 10, respectively). 
When compressed a t  low compaction forces, the tablets disintegrated 
because of mechanical damage caused by tne disks used for the USP 
disintegration test. At compaction forces over 10,000 N, the tablets did 
not disintegrate a t  all. 


Addition of microcrystalline cellulose to the dibasic calcium phosphate 
strongly increased penetration rates (Figs. 9 and 10). The increased rates 
were caused by the breaking of the hydrogen bonds between the micro- 
crystalline particles and the subsequent increase in pore volume, ex- 
pressed by increasing ratios between volumetric water uptake and original 
pore volume with increasing amounts of microcrystline cellulose (Table 
111). This behavior explains the extremely short disintegration time (Fig. 
7) for the tablets compressed from dibasic calcium phosphate-micro- 
crystalline cellulose blends. The relatively longer disintegration time for 
the plain microcrystalline cellulose tablets may be attributed to the 
maximal number of hydrogen bonds, characterized by a crushing strength 
of 34 kg for the tablets compacted a t  a force of 20,000 N in the presence 
of 0.5% magnesium stearate. 


The tablets compressed from dextrose-microcrystalline cellulose 
blends showed a completely different disintegrating behavior. These 
tablets were compressed in the presence of 1.0% magnesium stearate to 


obtain acceptable ejection forces (14). The plain dextrose tablets did not 
disintegrate but were dissolved by the high solubility of the excipient. 
The plain tablets compressed at 5000 N exhibited liquid penetration a t  
the early stages of penetration only (Fig. 11). Penetration ceased by fast 
dissolution of the dextrose, resulting in increasing liquid viscosities in 
the pores. For these relatively porous tablets, addition of 10% micro- 
crystalline cellulose (w/w) only slightly increased the penetration rate 
during the early stages. There was, however, a considerable increase in 
volumetric water uptake (Table IV). 


SECONDS 


Figure 9- Water penetration into tablets compressed from dibasic 
calcium phosphate dihydrate (X), microcrystalline cellulose (+)- and 
blends of dibasic calcium phosphate dihydrate urith 10 (a), 20 (a), and 
40% (A) microcrystalline cellulose. Compression force was 5000 N .  All 
tablets contained 0.57; magnesium stearate. 
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Figure 8-Disintegration time versus applied compression force for 
tablets compressed from spray-crystallized maltose-dextrose ( 0 ) .  
microcrystalline cellulose (@), and blends of spray-crystallized malt- 
ose-dextrose with 1 0  (0). 20 (m), and 40?;, (A) microcrystalline cellu- 
lose. All tablets contained 1.0?;, magnesium stearate. 
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Figure lo--- Water penetration into tablets compressed from dibasic 
calcium phosphate dihydrate (X), microcrystalline cellulose (+), and 
blends of dibasic calcium phosphate dihydrate with 10 (@), 20 (m)* and 
40r;, (A) micrctcrystalline cellulose. Compression force was 20,000 N .  
All tablets contained 0.5!'; magnesium stearate. 
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SECONDS 


Figure 11-Water penetration into tablets compressed from spray- 
crystallized maltose-dextrose ( O ) ,  microcrystalline cellulose ft), and 
from blends of spraycrystallized maltose-dextrose with 10 to), 20 ( O ) ,  
and 40f;. (A) microcrystalline cellulose. Compression force was 5000 
N .  All tablets contained 1.0:; magnesium stearate. 


The increase in the ratio between liquid uptake and original pore 
volume was due to increasing pore volumes during penetration caused 
by the microcrystalline cellulose. The addition of 40?6 microcrystallin,e 
cellulose resulted in strongly increased penetration rates. These high 
penetration rates may be attributed to the masking of the dextrose by 
the microcrystalline cellulose, reducing its dissolution velocity, and the 
enlargement of the pores. The penetration characteristics obtained were 
consistent with the disintegration behavior of the tablets compressed a t  
5000 N. The disintegration time decreased with increasing amounts of 
microcrystalline cellulose (Fig. 8). 


Compaction of the spray-crystallized maltose-dextrose a t  a force of 
ahout 20,000 N gave tablets that exhibited no water penetration a t  all. 
Addition of 10% microcrystalline cellulose to the dextrose also resulted 
in tablets that showed no water penetration. A Comparison of the disin- 
tegration of plain dextrose tablets with tablets containing 10% micro- 
crystalline cellulose showed slightly longer disintegration times for the 
latter when compressedat forces over 10,000 N (Fig. 8). Since the dextrose 
tablets did not really disintegrate hut rather dissolved, the increased 
disintegration time may he ascribed to the masking of the dextrose by 
the microcrystalline cellulose. 


Addition of 20 or even 40% microcrystalline cellulose to the dextrose 
gave tablets that exhihited only a slight penetration (Fig. 12). The small 
pores of the tahlets, compressed at  20,000 N, indicated low initial pene- 
tration rates through which a concentrated dextrose solution was created 
in the pores by dissolution of the highly soluhle excipient. The  effect of 
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Figure 12- Water penetration into tablets compresspd from micro- 
crystalline cellulose, I + )  and hlends of spray-crystallized maltose- 
dextrose with 20 (B) and 40"; (A) microcrystalline cellulose. Corn- 
pression force was 20,000 N .  All tab1et.s contained I.Orr magnesium 
straratr. 
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Figure 13-Penetration into tablets compressed from microcrystalline 
cellulose using water (A,B) and a 50:'; (wlu:) dextrose solution ( A , O )  
as the penetrating liquid. Compression forces were 5000 f A , A )  and 
20,000 (B, 0) N. 


widening of the pores by microcrystalline cellulose during penetration 
was suppressed, as confirmed by the results shown in Fig. 13. The pene- 
tration rate in microcrystalline cellulose tablets was markedly affected 
by the concentration of the penetrating dextrose solution, especially for 
the low porosity tablets. Thus, the low porosity dextrose-microcrystalline 
cellulose tablets exhibited low penetration rates even in the early stages 
of penetration. The antagonistic behavior of increasing disintegration 
times (Fig, 8) with increasing amounts of microcrystalline cellulose, when 
compressed a t  forces over 10,000 N, can consequently be explained by 
the masking action of the microcrystalline cellulose on the dissolving 
dextrose surface and the suppressive action of a dextrose solution on the 
pore-enlarging effect of the microcrystalline cellulose. 


In conclusion, microcrystalline cellulose exhibits, in addition to its high 
dry binding capacity, extremely fast aqueous penetration into compacts. 
This behavior is caused by a widening of the pores during penetration. 
Hatios between water uptake and original pore volume of up to ahout 20 
were obtained for microcrystalline cellulose tahlets. This unique property 
is, however, suppressed by fast dissolving and highly soluble excipients 
such as dextrose, resulting in an antagonistic disintegration behavior. 
Improved disintegration properties are obtained by blending micro- 
crystalline cellulose with an insoluble vehicle such as dibasic calcium 
phosphate dihydrate. 
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Abstract Ion-exchange resin beads in the benzoate form were coated 
by several microencapsulation techniques to alter and improve charac- 
teristics, especially the control of drug release, of this type of drug delivery 
system. The most successful techniques included polymer-polymer in- 
teraction, temperature change, and nonsolvent addition. The microen- 
capsulated beads then were studied with respect to the release rate of the 
organic anion to determine the effects of micrtmcapsulation. The release 
rate of the organic anion could be controlled over a wide range, depending 
on the encapsulating material characteristics. Factors affecting the extent 
and rate of release as a result of microencapsulation are discussed. 


Keyphrases Microencapsulated ion-exchange resin beads-prepared 
by various methods, evaluated for release rate 0 Ion-exchange mi- 
croencapsulated resin beads-prepared by various methods, evaluated 
for release rate 0 Delivery systems-microencapsulated ion-exchange 
resin beads, prepared by various methods, evaluated for release rate 0 
Dosage forms, potential-microencapsulated ion-exchange resin beads, 
prepared by various methods, evaluated for release rate 


Ion-exchange resins function as effective carriers for 
prolonging drug release for sustained biological action and 
for. improvement of other pharmacokinetic parameters 
such as the absorption rate constant (1). In addition, ion- 
exchange resins are used for binding biological materials 
such as bile salts and sodium ions within the GI tract (2, 
3). While ion-exchange resins form a useful drug delivery 
system, improvements can be effected in some cases by 
coating the resin beads with various pharmaceutical ad- 
juvants. Potential improvements are: enhancing the taste 
of ion-exchange resins (4,5), decreasing the release rate of 
drugs from the resins (5,6), permitting greater saturation 
of the resin with the drug and a slower elution rate (61, 
minimizing elution of drug in liquid preparations of ion- 
exchange resin-drug complexes (6, 7), and minimizing 
interaction of drugs with resins used as tablet disintegrants 
(8). 


One effective and versatile method of coating small solid 
particles is microencapsulation, which can be accomplished 
with various procedures (5,9,10). Many researchers dis- 
cussed the encapsulation of solid particles 01-16), but few 
applied the process to ion-exchange resins (4, 17). It was 
deemed appropriate to investigate microencapsulation 
procedures for the preparation of coated ion-exchange 
resins to exploit the value of resin beads, such as uniform 
size and consistent binding of drugs, for improving their 
pharmaceutical characteristics. Specifically, it was ex- 
pected that medication with a wide range of prolonged- 
release characteristics could be prepared. In addition, it 


was hoped that a uniform coat around the beads could be 
obtained by various encapsulation methods. 


The effect of additives on the characteristics of the film 
used to coat pharmaceuticals also was investigated. In 
some cases, additives selected are of such a nature that the 
rate of transmission or release of drugs is increased (12,18) 
or decreased (19). Part of the present research is concerned 
with employing additives in the preparation of the mi- 
croencapsulating film to prolong or delay the release so 
that the coated beads can be considered for other uses in 
pharmacy besides oral medication. 


EXPERIMENTAL 
Materials-All experiments were carried out with a 20-50-mesh 


strongly basic ion-exchange resin' in the benzoate form. The resin was 
screened wet; the heads that passed through a 35-mesh screen but were 
retained on a 40-mesh screen were used. The resin then was cleaned, 
conditioned, and converted into the benzoate form by the procedure 
described previously (20). The average particle bize of the resin beads, 
as determined by microscopic measurement of 30 beads, was 0.366 mm 
(wet) and 0.325 mm (dry). 


Encapsulation Procedures-Polymer-Polymer Interact ion-The 
method of Luzzi and Gerraughty (14, 21), adapted from Green and 
Schleicher (22,23), was modified for the encapsulation of the resin beads. 
In this method, the interaction of oppositely charged polyelectrolytes 
results in the formation of a complex of considerably reduced solubility 
such that phase separation occurs. The specific procedure used consisted 
of dissolving 3 g of acacia2 and 3 g of gelatin3 separately in 100 ml of dis- 
tilled water each. The solutions were warmed to 55' and mixed, and the 
pH was adjusted to 6.5 with 20% NaOH. The resin beads (2 g) then were 
added, and the pH of the mixture was altered to 4.5 by the dropwise ad- 
dition of dilute hydrochloric acid with stirring. 


The temperature was allowed to drop, and the polymers coalesced 
around the resin beads. Subsequently, 10 ml of formaldehyde solution 
USP was added, and the mixture was cooled to loo by immersion in an 
ice bath with constant stirring. The pH then was adjusted to 9.0 by the 
dropwise addition of 20% NaOH. The mixture was diluted to approxi- 
mately 400 ml with distilled water, left overnight, and then centrifuged 
for 30 min a t  2700 rpm. 


The supernate was decanted, and the microencapsulated heads were 
transferred to a 60-mesh screen and washed with water to remove the 
empty capsules. The capsules remaining on the screen were poured into 
a flask along with 100 ml of distilled water. After settling, water was re- 
moved by rinsing the capsules with three 50-ml portions of 95% ethanol. 
The mixture was filtered, washed with ethanol, and dried in a desicca- 
tor. 


Temperature Change-Five methods of preparation were evalu- 
ated. 


Dowex 1-X8, Dow Chemical Co., Midland, Mich. 
Gum Acacia BP, British Drug Houses (Canada) Ltd., Toronto, Canada 
Gelatin, Pharmagel A., American Agricultural Co., Detroit, Mich. 
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Partitioning of 14C-Heroin between Plasma Water and Red Blood 
Cells-The results of the several studies conducted on the partitioning 
of 14C-heroin between plasma water and red blood cells (RBC) are 
summarized in Table 11. The heroin in the systems was inhibited from 
plasmolysis with 86.5 or 104.5 fig of tetraethyl pyrophosphate/ml. The 
partition coefficient, D ,  was calculated from (20): 


where [ARuc]. (As], and [Ap] are the 14C-heroin concentrations in the 
red blood cells, blood, and plasma, respectively, and [A:] is the drug 
concentration in the plasma that is unbound to plasma proteins. The 
hematocrit + 100 is H, and f is the fraction of drug in plasma bound to 
plasma proteins. The value off  was taken as zero in the plasma water 
systems and as 0.4 in the plasma-red blood cell mixture. 


The results of Study A (Table 11) showed no significant differences 
among the partition coefficients, D, within the range of 38-190 ng of 
I4C-heroin/ml of pseudoblood. Any time of equilibration greater than 
zero for I4C-heroin in the pseudoblood did not affect significantly the 
determined partition coefficients (compare Studies A-C in Table It) .  
Also, times of centrifugation, 3 and 10 min, of the plasma water-red blood 
cell mixtures to separate the plasma water to be assayed did not signifi- 
cantly affect the results. Only Study D appeared to differ slightly from 
the total results where the average of the averages given in ‘Fable I1 was 
1.39 f 0.15 SD. 


Study E was performed after separation of the plasma water from 
Study D, where the red blood cells containing the equilibrated I4C-heroin 
were reequilibrated with fresh plasma water and subsequently centri- 
fuged to determine the new partition coefficient. Study E was on a syn- 
thetic blood, prepared from plasma and red blood cells, and the partition 
coefficient determined from Eq. 1 for a protein-bound fraction off = 0.4 
was the same as that from the plasma water-red blood cell systems. If 
the fraction bound had been ignored, i .e.,  f = 0,  the calculated apparent 
D would have been 0.814 f 0.074 SD, which differs widely from the 
plasma water systems since the protein binding makes a fraction of the 
heroin unavailable for partition into the red blood cells. 
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Abstract High-pressure liquid chromatography using reversed-phase 
and/or ion-pair techniques was used to optimize resolution of aspirin- 
containing muscle relaxant mixtures as well as other therapeutic agents 
commonly found in muscle relaxant-analgesic mixtures. The compounds 
were chromatographed on an octadecylsilane column using methanol- 
water solvent systems, some of which contained tetrabutylammonium 
cation as counterion. Mixtures of methocarbamol-aspirin and chlor- 
zoxazone-acetaminophen were selected to demonstrate separation and 
quantification. The methocarbamol-aspirin mixture was chromato- 
graphed with methanol-water (40:60, pH 6.8) containing 0.01 M tetra- 
butylammonium cation a t  a flow rate of 2.0 ml/min. The chlorzoxa- 


zone-acetaminophen mixture was chromatographed with methanol- 
water (5050) a t  a 2.0-ml/min flow rate. The separation and quantitation 
of each mixture were achieved in approximately 8 min with accuracy in 
the 2-394 range. 


Keyphrases Muscle relaxant-analgesic mixtures, various-high- 
pressure liquid chromatographic analyses of components 0 Analgesic- 
muscle relaxant mixtures, various-high-pressure liquid chromato- 
graphic analyses of components High-pressure liquid chromatogra- 
phy-analyses, components of‘ various muscle relaxant-analgesic mix- 
tures 


Previous high-pressure liquid chromatographic (HPLC) 
investigations with muscle relaxant-analgesic agents such 
as meprobamate, methocarbamol, carisoprodol, chlor- 


zoxazone, acetaminophen, aspirin, caffeine, and phenac- 
etin (1) indicated that the aspirin-containing combinations 
were difficult to chromatograph using nonpolar solvents 
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Table I-Effect of the Mobile Phase on  Retention Time a 


Mobile 
Phaseb Meprobamate Methocarbamol Carisoprodol Chlorzoxazone Acetaminophen Aspirin Caffeine Phenacetin 


A 120 110 232 160 88 80 104 130 
(14P (16) (20) (16) (141 (16) (14) ( 16) 


B 192 152 532 300 100 84 120 220 
(20) (26) (52) (36) (12) (26) (14) (24) 


C 392 245 1580 580 116 88 168 392 
(36) (31) (520) (60) (14) (16) (20) (32) 


D 124 108 212 172 72 101 104 136 
(12) (20) (20) (20) (14) (12) (12) (20) 


E 177 144 464 312 96 125 116 200 
(20) (16) (28) (28) ( 14) (20) (16) (24) 


F 324 217 1206 660 116 151 148 352 
(34) (20) (111) (52) (16) (20) (20) (28) 


G 116 120 224 188 88 105 104 144 
(12) (10) (24) (20) (10) (16) (14) (16) 


H 164 148 448 292 96 126 112 216 
( 16) (20) (42) (24) ( 10) (16) (12) (20) 


I 296 226 I080 532 104 184 134 355 
(24) (28) (88) (28) (10) (24) (16) (48) 


a Retention time expressed as seconds measured as elapsed time between injection and the chromatographic peak maximum. The eluted peaks were monitored using 
refractive index detection. * A, B, and C are 60:40,50:50, and 4050 mixes of methanol and water, respectively. D, E and Fare 60:40,50:50, and 4060 mixes of methanol 
and water, respectively, containing 0.01 M tetrabutylammonium cation and 0.01 M dibasic sodium phosphate and buffered to pH 8 with phosphoric acid. G .  H, and I 
are 60:40,50:50, and 4060 mixes of methanol and water, respectively, containing 0.01 M tetrabutylammonium cation and 0.01 M dibasic sodium phosphate and buffered 
to pH 6.8 with phosphoric acid. Base peak width expressed as seconds. 


and normal phase chromatography. Generally, aspirin 
eluted close to the solvent front in approximately 50% of 
the solvents tested or had extremely long retention times 
in about 25% of the solvents. 


Earlier experience with ion-pair chromatography (2 ,3)  
suggested that resolution of acidic components from 
nonpolar constituents of these muscle relaxant-analgesic 
mixtures by this technique would be a more successful 
approach. Therefore, ion-pair formation with tetrabutyl- 
ammonium cation was investigated, especially with mix- 
tures containing aspirin. The use of tetrabutylammonium 
cation as a suitable counterion in HPLC was investigated 
previously (4-6). Ion-pair formation also was utilized (7-9) 
as a tool for effecting chromatographic analysis of selected 
organic ions. Included in the present study were investi- 
gations of HPLC separations of nonaspirin muscle relax- 
ant-analgesic mixtures using reversed-phase chromatog- 
raphy without ion-pair formation. 


The chromatographic data can be applied readily to the 
separation of selected multidrug dosage forms. This paper 
reports the separation and quantitation at  unit-dose levels 
of methocarbamol-aspirin using ion-pair and reversed- 
phase chromatography and of chlorzoxazone-acetami- 
nophen using reversed-phase chromatography. 


EXPERIMENTAL' 


Reagents and Chemicals-Powdered samples of meprobamate', 
methocarbamoP, carisoprodoP, chlor~oxazone~, acetaminophen5, aspi- 
rin6, caffeine5, and phenacetins were used. All other chemicals and sol- 
vents were the highest purity of the commercially available materials. 


Mobile Phases-The mobile phases, consisting of varying proportions 
of absolute methanol-distilled water, were prepared fresh daily. Certain 
mobile phases (D-I in Table I) were made 0.01 M with respect to the 
tetrabutylammonium cation in the following manner. An appropriate 
quantity of tetrabutylammonium iodide6, calculated to give the desired 


A Waters Associates liquid chromatograph (model ALC 2021, equipped with 
an M-6000 pump, a U6K injector, UV (254 nm) and differential RI detectors, a 
Spectra-Physics autolab minigrator with digital printout, and a Waters packed 
column, 4 mm i.d. X 30 cm, was used. 


2 Wallace Laboratories, Cranhury, N.J. 
3 A. H. Robins, Richmond, Va. 
4 McNeil Laboratories, Fort Washington, Pa. 
6 Eastman Chemicals, Rochester, N.Y. 
6 Aldrich Chemicals, Milwaukee, Wis. 


molar concentration of tetrabutylammonium cation in the final solvent 
mix, was dissolved in absolute methanol and stirred at  room temperature 
for 1 hr with an equivalent quantity of finely divided silver oxide. The 
silver oxide was removed by filtration, and a quantity of the methanolic 
solution was mixed with distilled water to give the desired solvent 
ratio. 


Dibasic sodium phosphate also was added to the distilled water prior 
to mixing such that its concentration in the final solvent mix was 0.01 M. 
Then the pH of Solvents D-F and G-I was adjusted to 8 and 6.8, re- 
spectively, with concentrated phosphoric acid. 


I 


k 
0 120 240 


SECONDS 


Figure I-Liquid chromatogram of simulated meprobamate-aspirin 
dosage form using refractive index detection on an octadecyl column 
with absolute methanol-water (50:50, pH 8.0) containing 0.01 M tet-  
rabutylammonium cation. Concentrations of meprobamate and aspirin 
were 15 and 25 mg, respectively, dissolved in 25 ml of the mobile phase. 
A 50-p l  injection was made. Key: I ,  aspirin; and I t ,  meprobamate. 
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Table 11-Typical Calibration Data for  Standard Drug  Solutions 
Final Con- 


Compound centration, mg" D/IS Ratiob Slope Intercept r fsYx' 


-0.0041 0.9999 f 0.0026 Methocarbamol 4.0 0.1157 f 0.0006d 0.0303 
8.0 0.2405 f 0.0076 


16.0 0.4802 f 0.0056 
Aspirin 3.25 


6.50 
13.00 


0.1816 f 0.0034 
0.3670 f 0.0052 
0.7281 f 0.0006 


0.0560 0.0011 0.9999 f 0.0026 


~ 


a Total m /25 ml of  solution. * Data represent three replicate injections of standard solutions; [)/IS is the ratio of the integrated area of the drug at  borne concentration 
divided by tke integrated area of phenacetin at a concentration of 1 mg/25 ml. c Standard error of the estimate of y (DlI.5') on x (concentration). d Confidence limits at 
p = 0.05. 


Drug Solutions-Solutions of each drug (5-10 mg/ml) were prepared 
by dissolving each powder in the appropriate mobile phase. 


Internal Standard Solutions-For methocarbamol-aspirin, 100 mg 
of phenacetin was dissolved in 100 ml of absolute methanol. For chlor- 
zoxazone-acetaminophen, 49 mg of phenacetin was dissolved in 25 ml 
of absolute methanol-distilled water (5050). 


Stock Solutions for  Calibration Curves-For Methocarbamol- 
Aspirin-Separate stock solutions of methocarbamol (200 mg/100 ml) 
and aspirin (162.5 mgA00 ml) were prepared in absolute methanol. Ac- 
curately pipetted volumes of 2.0, 4.0, and 8.0 ml of each stock solution 
were placed in 25-ml volumetric flasks. The internal standard stock so- 
lution, l d, was added to each flask, followed by the addition of absolute 
methanol to volume. The three concentrations of each drug were 
subjected to regression analysis, and the slope and intercept were cal- 
culated (Table 11). 


For Chlorzoxazone-Acetaminophen-Separate stock solutions of 
chlorzoxazone (62.8 mg/25 ml) and acetaminophen (75.0 mg/25 ml) were 
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Figure 2-Liquid chromatogram of simulated methocarbamot-aspirin 
dosage form at 254 nm on an octadecyl column with absolute metha- 
nol-water (40:60, pH 6.8) containing 0.01 M tetrabutylammonium 
cation. Concentrations of methocarbamol and aspirin were 8 and 6.5 
mg, respectively. dissolced in 25 ml of the mobile phase. A 20-pl injection 
was made. The phenacetin concentration was 1 mgI25 ml. Key: I ,  as- 
pirin; I I ,  methocarbamol; and 111, phenacetin (internal standard). 


prepared in absolute methanol-distilled water (50:50). Accurately pi- 
petted volumes of 0.5,1.0, and 2.0 ml of each stock solution were placed 
in 5-ml volumetric flasks. The internal standard stock solution, 1 ml, 
was added to each flask, followed by the addition of absolute metha- 
nol-distilled water (5050) to volume. The three concentrations of each 
drug were subjected to regression analysis and the slope and intercept 
were calculated (Table 111). 


Chromatographic Separation and Quantification-The degassed 
mobile phase was pumped through an o~tadecylsilane~ column a t  a flow 
rate of 2.0 m h i n  (2000 psig) a t  room temperature until a stable baseline 
was obtained. Replicate 20- and 40-pl injections of sample and standard 
solutions for the methocarbamol-aspirin and chlorzoxazone-acetami- 
nophen studies, respectively, were made using a 100-pl syringe8. The chart 
recorder provided a record of drug elution from the column as peaks on 
a chromatogram. In all cases, the solute was measured by electronic in- 
tegration of the peak area'. 


RESULTS AND DISCUSSION 


Optimization of resolution of the therapeutic agents most commonly 
found in muscle relaxant-analgesic mixtures necessitated: ( a )  exami- 
nation of variation in solvent composition combining absolute methanol 
with changing concentrations of distilled water, and ( b )  addition of tet- 
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SECONDS 


Figure 3-Liquid chromatogram of simulated carisoprodol-phenace- 
tin-caffeine dosage form using refractive index detection on an octa- 
decyl column with absolute methanol-water (50:50). Concentrations 
of carisoprodot, phenacetin, and caffeine whre 20, 16, and 3.2 mg. re- 
spectively, dissolved in 5 ml of the mobile phase. A 1 0 - p l  injection was 
made. Key: I ,  caffeine; 11, phenacetin; and 111, carisoprodol. 


rBondapak CIS, <10 pm, Waters Associates, Milford, Mass. 
Model B- 110, Precision Sampling Corp., Baton Rouge, La. 
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Table 111-Typical Calibration Data for Standard D r u g  Solutions 


Final Con- 
Compound centration, mga DIIS Ratiob Slope Intercept r f syXc 


C hlorzoxazone 1.26 0.5534 f 0.0430d 0.4295 0.0136 0.9999 f 0.0027 
2.51 1.0939 f 0.0146 
5.02 2.1692 f 0.0547 


3.0 1.2656 f 0.0136 
6.0 2.4816 f 0.0304 


Acetaminophen 1.5 0.6402 f 0.0360 0.4086 0.0322 0.9999 f 0.0093 


a Total mg/S ml of solution. 6 Data represent three replicate injections of standard solutions; OilS is the ratio of the integrated area of the drug at some concentration 
Confidence limits divided by the integrated area of phenacetin at a concentration [if 1.96 mg/5 ml. Standard error of the estimate of y IDlIS) on x (concentration). 


at p = 0.05. 


rabutylammonium cation to the mobile phase to effect ion-pair forma- 
tion, especially in mixtures containing aspirin. The stationary phase was 
limited to octadecylsilane chemically bonded to a porous silica sup- 
port. 


The effects of these parameters on retention times and base peak 
widths of the drugs are shown in Table I. The eluted peaks were moni- 
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Figure 4-Liquid chromatogram of simulated chlorzoxazone-acet- 
aminophen dosage form using refractive index detection on an octadecyl 
column with absolute methanol-water (5050). Concentrations of 
chlorzorazone and acetaminophen were 2.51 and 3.0 mg, respectively, 
dissolved in 5 ml of mobile phase. A 4 0 - p l  injection was made. The 
phenacetin concentration was 1.96 mg/5 ml. Key: I ,  acetaminophen; 11, 
phenacetin {internal standard); and 111, chlorzoxazone. 


tored using refractive index detection since many of the muscle relaxants 
were aliphatic compounds and did not possess satisfactory UV absorp- 
tion. For pH stabilization, dibasic sodium phosphate was added to mobile 
phases containing tetrabutylammonium cation. 


Reasonably high concentrations of methanol were used instead of the 
pentanol-saturated mobile phase recommended previously (5,6). This 
substitution, especially in studies involving tetrabutylammonium cation, 
desensitizes the mobile and stationary phases to fluctuations in ambient 
temperature, which could have a large effect on pentanol saturation levels 
(5,6). In addition, routine column cleanup procedures can be performed 
without a prolonged reequilibration step. The stripping of pentanol from 
a reversed-phase stationary support was documented (6). 


The following generalizations can be inferred from the data in Table 
I. Retention times for all drugs increased as the mobile phase polarity 
increased. The noncharged solutes such as meprobamate, carisoprodol, 
and methocarbamol had a wide range of retention times in methanol- 
water systems (k’ = 0.2-18). Increasing the polarity of the mobile phase 
(Solvents A - C) predictably increased the k’  value for any selected 
neutral solute. The addition of tetrabutylammonium counterion to the 
mobile phase (e.g. ,  Solvent C versus Solvent F or I) should have further 
increased the mobile phase polarity, leading to an additional increase in 
retention time. This increase was not observed. The retention times for 
the neutral solutes in tetrabutylammonium-containing solvents were the 
same as or, in many cases, shorter than those observed with methanol- 
water. This anomaly in the observed retention time can be cited as evi- 
dence for the association of tetrabutylammonium counterion with the 
hydrophobic stationary phase, which renders this phase more polar than 
when the solvent contains only methanol-water. As a result, the neutral 
solutes have a lower affinity for the stationary phase and elute in shorter 
retention times. 


Meprobamate was eluted using all solvents employed. A meproba- 
mate-aspirin mixture was separated with any solvent system except G .  
However, in Solvents A-C, aspirin traveled close to the solvent front and 
was difficult to distinguish from other components present at the front. 
Figure 1 illustrates a separation of meprobamate-aspirin using Solvent 
E, which contained the tetrabutylammonium cation. 


All solvent systems were also satisfactory for the elution of metho- 
carbamol. A typical mixture of methocarbamol and aspirin was separated 
with Solvents A-C, F, and I (Fig. 2). 


All solvents were useful for the elution of carisoprodol on the octade- 
cylsilane column. The mixture carisoprodol, phenacetin, and caffeine 
was separated by any of the mobile phases listed in Table I (Fig. 3). 


Chlorzoxazone was satisfactorily eluted on the octadecylsilane column 
using Solvents A-I. A chlorzoxazone-acetaminophen mixture was sep- 
arated using any of the solvent systems (Fig. 4). 


The elution of acetaminophen was best accomplished with Solvents 
B, C, F, and I. The retention time for the drug in the remaining solvents 
was a t  or near the solvent front, thus rendering it difficult to distinguish 
clearly between acetaminophen and other components present a t  the 
front. 


Aspirin traveled a t  or near the solvent front in the methanol-water 
systems containing no tetrabutylammonium ion. Addition of tetrabu- 
tylammonium ion to the mobile phase caused retention of aspirin on the 
column, with the retention time increasing as the polarity of the mobile 
phase increased. There were slight differences in retention time for as- 
pirin in the pH 8 versus 6.8 mobile phases. 


Caffeine and phenacetin were eluted successfully with all solvent 
systems. A typical aspirin, phenacetin, and caffeine mixture was satis- 
factorily separated by Solvents A-C and I. 


Satisfactory quantitation of a multicomponent dosage form depends 
on adequate component resolution. The theoretical parameter, R, (101, 
is a reasonable measure of the separation of two species on a column. I t  
can be approximated for any two drugs included in this study from the 
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Table IV-Analysis of Methocarbamol-Aspirin and 
Chlorzoxazone-Acetaminophen in Known Mixtures 


Amount Amount 
Added, Founda, Accuracy, 


Mixture Components mg mg % 


A Methocarbamol 8.0O6 8.19 f 0.12c 2.38 
Aspirin 6.50 6.67 f 0.13 2.62 


B Acetaminophen 3.00d 3.08 f 0.Oac 2.67 
Chlorzoxazone 2.51 2.59 f 0.05 3.19 


0 Based on four replicate determinations o f  the known mixture. Total mg/25 
ml of solution. Confidence limits a t  p = 0.05. d Total mg/5 ml of solution. 


data contained in Tahle 19. Simulated dosage form mixtures containing 
methocarbamol-aspirin** and chlorzoxazone-acetaminophen’’ were 
selected for quantitation to exemplify this situation with Solvents I and 
B, respectively. Both solvent systems allowed good overall resolution with 
reasonable retention times. 


Typical chromatograms of the drug mixtures are shown in Figs. 2 and 
4. Various concentrations of stock solutions of each drug dissolved in the 
appropriate mobile phase (see Experimental) were chromatographed 
using the octadecylsilane column. Phenacetin was added to each solution 
as the internal standard. The area under the curve for each peak on the 
chromatograms was determined with an electronic integrator. The ratio 
of each drug peak area to the area of the internal standard was calculated 
for each chromatogram. Regression analysis of these data a t  the various 
concentrations of each drug gave the slope, intercept, and correlation 
coefficient for each calibration curve (Tables I1 and 111). 


Solutions containing known quantities of methocarbamol-aspirin 
and/or chlorzoxazone-acetaminophen in ratios equivalent to those found 
in the commercial dosage forms were chromatographed, and the ratios 


I t  is possible to calculate the approximate resolution, R,, of two components 
by the equation R,  = 2 ( t 2  - f I)/(wI + w 2 ) ,  where t 1 and t 2  are retention times and 
i r 1  and u’2 are hase peak widths of Compounds 1 and 2 ,  respectively. In past expe- 
rience, two components with an R. value >1.50 showed satisfactory resolution for 
quantification by this analytical technique if the peak areas were approximately 
eaual. A significant difference in oeak areas for two cnmDonenta mav reauire an . .  
R, value op2 or greater. 


lo Rohaxisal. A. H. Robins, Richmond, Va. 
’ I  Parafon-Forte, McNeil Laboratories, Fort Washington, Pa. 


of drug peak areas to internal standard peak areas (DIIS) were calculated 
for each drug. The slope and intercept data from the regression analysis 
for each drug (Tables I1 and 111) were used to solve for drug concentration 
(DIIS = (slope X concentration) + intercept]’* in these simulated dosage 
form mixtures. 


The data in Table IV demonstrate the quantitative results obtained 
for the mixtures. The utility of HPLC in the analysis of methocarba- 
mol-aspirin and chlorzoxazone-acetaminophen mixtures is clearly 
demonstrated with accuracy in the 2-396 range. 
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Abstract D Acronine was heated with tetraphosphorus decasulfide in 
benzene to give a mixture of products, the major component (A) being 
identified tentatively as an unstahle product derived from four molecules 
of noracronine with one molecule of tetraphosphorus decasulfide. 
Treatment of Compound A with various solvents and heat converted it 
into a maroon solid (R),  which was shown to be 7-thionoracronine. 


Keyphrases 7-l’hionoracronine-synthesized from acronine and 
tetraphosphorus decasulfide 0 Noracronine thio analog-7-thionor- 
acronine synthesized from acronine and tetraphosphorus decasulfide 
Prodrugs, potential- 7-thionoracronine synthesized from acronine and 
tetraphosphorus decasulfide 


The alkaloid acroninel (I) has a wide spectrum of anti- 
cancer activity (1) but the disadvantage of low aqueous 


I Previously referred to as acronycine (NSC 403169). 


solubility. Various attempts have been made (2) to improve 
the formulation of I, including the preparation of molec- 
ular complexes of the alkaloid with povidone and gentisic 
acid. A prodrug (11) that regenerates acronine quantita- 
tively and shows improved water solubility was prepared 
but suffers from the disadvantage of being hydrolyzed too 
rapidly under physiological conditions (3). Reaction of I1 
with aniline gave a rapid quantitative yield of ani12, and 
the hydrolysis rates were similar for a series of analogs of 
11 in which the acetyl group was replaced by other acyl 
functions (2). 


Recent studies revealed that hydrolysis in water of I1 


B. Kreilgard, Royal Danish School of Pharmacy, Copenhagen. Denmark, un- 
published data. 


36 1 Journal of Pharmaceutical Sciences 
Vol. 68. No. 1, January 1979 


0022-354917910 100-0036$0 1. 001 0 
@ 1979, American Pharmaceutical Association 












Sensitive High-pressure Liquid Chromatographic 
Determination of Propranolol in Plasma 


GLORIA NYGARD, WILLIAM H. SHELVER X, and 
S. K. WAHBA KHALIL 
Received June 19,1978, from the College of Pharmacy. North Dakota State  Uniuersity, Fargo, ND 58105. 
16,1978. 


Accepted for publication August 


Abstract 0 A high-pressure liquid chromatographic method is presented 
for the determination of propranolol in human plasma. A reversed-phase 
cyanopropylsilane column was utilized with a liquid phase consisting of 
70% acetonitrile and 30% 0.02 M acetate buffer, pH 7.0. A spectrofluo- 
rometric detector with an excitation wavelength of 276 nm and an 
emission filter with a 340-nm cutoff provided a detectable peak for 0.8 
ng of propranololfinjection with this system. The reproducibility and 
precision of the method are shown from the analyses of samples con- 
taining 10-150 ng/ml of plasma. 


Keyphrases 0 Propranolol-high-pressure liquid chromatographic 
analysis in plasma 0 High-pressure liquid chromatography-analysis, 
propranolol in plasma 0 Cardiac depressants-propranolol, high-pres- 
sure liquid chromatographic analysis in plasma 


Propranolol is used in the treatment of hypertension, 
angina pectoris, and cardiac arrhythmias and is used ex- 
perimentally for several other conditions. Because of dif- 
ferences in both the pharmacokinetics and the response 
to the drug, the dosage regimen must be individualized. 
Clinical determination of plasma levels provides the most 
efficient and precise aid in adjusting dosage. 


Plasma levels encountered during therapy with pro- 
pranolol may range from a low of 20 to >lo0 ng/ml(l-3), 
a concentration range that prohibits the use of many 
common analytical techniques. Several methods for the 
quantitative determination of propranolol in plasma use 
electron-capture GLC, which involves derivatization of the 
compound (4-6). Radioimmunology (71, in spite of high 
sensitivity and specificity, is seldom used because of lim- 
itations in availability of antiserums. Direct fluorometric 
determination (8-10) is popular but lacks specificity. 


This paper describes a rapid method for the determi- 
nation of propranolol involving high-pressure liquid 
chromatographic (HPLC) separation and fluorometric 
detection. The combination of HPLC and fluorometry 
provides the needed specificity and sensitivity for the drug. 
Conditions are discussed for the extraction, separation, 
and detection of propranolol. The applicability of this 
procedure was demonstrated by the analysis of plasma 
from patients taking propranolol. 


EXPERIMENTAL 


Instrumentation-A high-pressure liquid chromatograph' was 
equipped with a fluorometric detector2 and a cyanopropylsilane3 column, 
300 mm long X 4 mm i.d. The degassed mobile phase was pumped 
through the column a t  2.0 ml/min (1100-1200 psi) at ambient tempera- 
ture until a stable baseline was obtained. The fluorometer was set a t  an 
excitation wavelength of 276 nm, and an emission cutoff filter (type 340) 
was used. 


Chemicals and ReagentgSodium acetate, sodium phosphate, acetic 


Model 202 chromatoeraDh. M 600 oumo. and U6K Universal iniector. Waters . . .  - ,  
Associates, Milford, Ma&. . ' 


FS-970, Schoeffel, Westwood, N.J. 
FBondapak CN, Waters Associates, Milford, Mass. 


acid, phosphoric acid, dichloromethane, benzene, chloroform, and ethyl 
acetate were reagent grade. HPLC grade methanol and acetonitrile were 
used. Propranolol hydrochloride4, 4-hydroxypr~pranolol~, and cyclo- 
methycaine sulfate5 were obtained commercially. 


Mobile Phase-Sodium acetate solutions (0.01,0.02, and 0.04 M) were 
prepared in distilled water. The pH was adjusted to 4,5,6, or 7 with acetic 
acid. The mobile phase was prepared by adding an  appropriate amount 
of acetonitrile to the aqueous buffer and degassing under vacuum. The 
effect on the retention time of various buffer concentrations and buffer 
pH was studied. 


Extraction Conditions-The extraction of propranolol and the in- 
ternal standard (cyclomethycaine) from plasma a t  pH 7.4 and 12 was 
studied using dichloromethane. The relative extractability of solutes from 
spiked plasma samples a t  pH 7.4 was compared using four solvents: 
benzene, hexane, ethyl acetate, and dichloromethane. 


Analytical Procedure-To 0.5 ml of heparinized plasma (in a 15-ml 
screw-capped centrifuge tube) were added 0.5 ml of phosphate buffer (pH 
7.4 and 0.1 M), 5 ml of solvent containing 0.16 pg of cyclomethycaine 


-. -- 
BUFFER CONCENTRATION, M 


Figure 1-Effect of changes of buffer concentration on the capacity 
factor k' for propranolol (0 )  and cyclomethycaine (A) a t  pH 6 using 
75% acetonitrile. 


4 Ayerst Laboratories, New York, N.Y. 
6 Eli Lilly and Co., Indianapolis, Ind. 


002235491 7910300-0379$0 1.0010 
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Table I-Evaluation of Assay Precision and Accuracy for  
Propranolol 


Mean 
Propranolol Propranolol 


Hydrochloride Hydrochloride 
Added, Measured, Percent 
ng/ml n ng/ml Recovered C V 


10 5 10.56 105.6 13.7 
25 4 24.19 96.8 5.6 
50 4 54.51 109.0 5.7 
75 5 73.38 97.8 1.3 


100 3 100.69 100.7 4.5 
150 3 149.20 99.5 2.6 


Average 101.6 


r 


su l f a t eh i  as the internal standard, and an aliquot of the propranolol 
hydrochloride solution containing 5.0-75.0 ng (10-150 pl of o methanolic 
solution). The tubes were then vortexed for 10 sec and centrifuged for 
5 min at  9OOXg. A 4.0-ml volume of the organic phase was transferred to 
special concentration tubes6 and evaporated to dryness a t  ambient 
temperature under a gentle stream of nitrogen. 


The residue was dissolved in 100 p l  of methanol, and replicate 50-pl 
injections were made using a 50-pl syringe7. A standard curve was con- 
structed by injecting plasma extracts simulating concentrations of pro- 
pranolol hydrochloride from 10 to 150 ng/ml. The chromatograms were 
recorded8 a t  a chart speed of 5 mm/min. The peak heights were measured, 


t 


E 


a 


Figure 2-Chromatograms of plasma extracts Containing propranolol 
hydrochloride ( a )  and cyclomethycaine sulfate (b). Key: A, hexane; R, 
benzene; C ,  ethyl acetate; and D, dichloromethane. 


Concentratuhen, Lahoratory Research Co., Los Angeles, Calif. 


Model 56, Perkin-Elmer, Norwalk, Conn. 
' Hamilton Co., Reno. Nev. 


and the ratios (propranolol to cyclomethycaine) were calculated and 
plotted uersus the propranolol concentrations expressed as nanograms 
per milliliter. 


Interferences-The possible interferences from normal plasma 
constituents and the major metabolite (4-hydroxypropranolol) (1 l ) ,  as 
well as other drugs, were studied by adding therapeutic concentrations 
o f  these drugs to plasma containing propranol and the internal standard 
and then performing the analysis. 


Sample Preparation and Assay-Heparinized plasma samples from 
patients receiving oral propranolol therapy were processed in duplicate 
as described under Analytical Procedure. The amount of propranolol 
was calculated by comparison with standards prepared daily. 


RESULTS AND DISCUSSION 


Increasing the buffer molar concentration shortened the capacity factor 
in a nonlinear fashion (Fig. 1). The  capacity factor of the compounds 
also was affected by pH change. A mobile phase of 70% acetonitrile and 
30% acetate buffer (pH 7.0 and 0.02 M )  gave well-resolved sharp peaks 
for propranolol, 4-hydroxypropranolol, and cyclomethycaine with re- 
tention times of 10.0,7.7, and 13.5 min, respectively. Quinidine, lidocaine, 
procainamide, and disopyramide, commonly utilized cardiac drugs, were 
eluted a t  different retention times and thus did not interfere with the 
analysis under the experimental conditions. The choice of fluorometer 
parameters allowed a concentration of propranolol as low as 0.8 ng on- 
column to give a peak clearly distinguishable from baseline noise. After 
the study was completed, a cyanopropylsilane column from a different 
manufacturerg was utilized with only minor changes in solvent condi- 
tions. 


Dichloromethane was selected as the solvent for extraction of pro- 
pranolol from plasma a t  pH 7.4. This selection was based on the highest 
amount of propranolol and/or the lowest amount of interfering fluo- 
rescent material being extracted. Hexane and benzene were inefficient 
in the extraction of propranolol, while ethyl acetate extracted excessive 
fluorescent substances from plasma (Fig. 2). Dichloromethane produced 
excellent recovery of propanolol and minimum extraction of interfering 
constituents from plasma and was evaporated easily. 


A high recovery of propranolol(909h) from spiked plasma samples was 
ohtained with dichloromethane a t  pH 7.4. When 0.1 N NaOH was used 
as an alkalinizing agent, the ratio of the propranolol peak height to the 
internal standard peak height dropped appreciably. Extraction a t  pH 
7.4 with dichloromethane using a ratio of the organic phase to the aqueous 
phase of 5 gave satisfactory recoveries of propanolol and the internal 
standard; a second extraction yielded only trace quantities of the two 
compounds. 


The ratio of the peak height of propranolol to the peak height of the 
internal standard was calculated. Statistical analyses (Table I) by linear 
regression indicated excellent linearity and reproducibility with a cor- 
relation coefficient of 0.994, a slope of 0.00297, and an intercept of 
0.000302 in the range of 1.8-26.4 ng of propranolol on-column. This range 
corresponds to 10-150 ng of propranolol hydrochloride/I.O ml of plasma 
and includes the therapeutic range of the drug. 


The method was applied to the determination of free propranolol in 
patient plasma before and after administration of a dose. No interference 
was noted, and the method proved to be sensitive even to the trace 
amount of propranolol present before dosing. The method can be rec- 
ommended for the pharmacokinetic studies of propranolol in the presence 
or absence of other simultaneously prescribed cardiovascular drugs. 
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Abstract  0 GLC with electron-capture detection was applied to the 
assay of the carbonic anhydrase inhibitor dichlorphenamide and dem- 
onstrated a sensitivity of 10 ng in 0.5 ml of rabbit serum or whole aqueous 
humor (-0.25 ml) from one rabbit eye. After extraction of the drug and 
internal standard (monochlorphenamide) from the biological fluid, these 
compounds were converted to their tetramethyl derivatives by a 
nucleophilic alkylation method. Dichlorphenamide contents of aqueous 
humor and serum of rabbits treated with this drug are reported. 


Keyphrases 0 Dichlorphenamide-GLC analysis in biological fluids 
GLC-analysis, dichlorphenamide in biological fluids Carbonic 


anhydrase inhibitors-dichlorphenamide, GLC analysis in biological 
fluids 


Dichlorphenamide (I), 4,5-dichloro-1,3-disulfamoyl- 
benzene, is an orally effective carbonic anhydrase [car- 
bonate dehydratase EC 4.2.1.1 (l)] inhibitor' (2). This drug 
possesses diuretic activity (3,4) and decreases intraocular 
pressure in rabbits (5) and in normal (2) and glaucomatous 
(2,6,7) humans. Assay of dichlorphenamide in biological 
fluids, especially aqueous humor, requires a very sensitive 
method. CLC with electron-capture detection is useful for 
the determination of submicrogram quantities of com- 
pounds in small volumes of body fluids. However, direct 
CLC of polar compounds is usually not possible; deriva- 
tization techniques must be used to convert these com- 
pounds to less polar derivatives. 


This paper describes a GLC technique combined with 
electron-capture detection for the assay of dichlorphen- 
amide and its application to the determination of aqueous 
humor and serum drug levels following dichlorphenarnide 
administration to rabbits by different routes. 


EXPERIMENT A L 


Reagents and Chemicals-The following were used: dichlorphen- 
amide2 (I), 4-chloro-l,3-dis~lfamoylbenzene~ (11) as the internal standard, 
toluene3 (pesticide quality), ethyl acetate3 (pesticide quality), N , N -  
dimethyla~etamide~ for synthesis, acetic acid4 for analysis, sodium bi- 
carbonate4, anhydrous sodium sulfate4, 10% aqueous tetramethylam- 
monium hydroxide4, methanol4, and methyl iodideh (purum). A half- 


' Daranide, Merck Sharp & Dohme. 
2 Merck Sharp & Dohme. 
3 Carlo Erba. 
4 E. Merck. 


Fluka. 


nd the tMe :k Sharp & Dohme 


SO~NH, 
I 


SO,NH, 
I1 


saturated solution of sodium bicarbonate and 0.1 N NH40H were pre- 
pared with deionized water. The tetramethylammonium hydroxide was 
diluted fourfold with methanol. 


Instrumentation-The gas chromatograph6 was equipped with a 63Ni 
(10-mCi) electron-capture detector. A 1.5-m X 3-mm i.d. glass column 
containing 3% OV-17 on 100-120-mesh Gas Chrom Q7 was used. The 
carrier gas was argon-methane (90:lO) with a flow rate of 60 ml/min and 
<5 ml/min detector scavenge. Temperatures were 265' for the column 
and 290' for the injector and detector. 


GLC-mass spectrometry of the derivative was carried out with a mass 
spectrometefi operated in the electron-impact (70 ev) mode and equipped 
with a 1.5-m X 3-mm column packed with 2% SE-30 on 80-100-mesh Gas 
Chrom Q7 (250"). 


D r u g  Extraction-The extraction method was based on that de- 
scribed by VandenHeuvel et al. (8) for hydrochlorothiazide in human 
plasma. An appropriate, known volume of aqueous humor or serum 
(containing less than 100 ng of dichlorphenamide) was diluted with water 
to 0.5 ml in a 7-ml disposable, silanized, glass-stoppered tube to which 
75 ng of I1 in 0.1 ml of ethyl acetate (taken to dryness with a nitrogen 


1 1  


MINUTES 
Figure 1-Chromatograms ( 1  X afs at I mu) from control aqueous 
humor ( a ) ,  control serum ( b ) ,  and control aqueous humor spiked with 
50 ng of dichlorphenamide (1) and 75 ng of the internal standard (11) 
( C ) .  


6 Girdel 75. 
7 Altech Associates. 
8 Finnigan 3200. 
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Abstract  0 Application of dynamic dialysis to drug binding to eryth- 
rocytes was found to be more complex than previously described. Drug 
molecules located intracellularly in erythrocytes must diffuse through 
erythrocyte membranes before diffusing through the dialysis membrane 
to the external sink in dynamic dialysis. One must consider drug within 
the dialysis sack and within the erythrocyte and their corresponding 
volumes. When binding occurs in these internal compartments, different 
equations result for computing D t ,  the total drug within the dialysis bag. 
With these equations and theoretically generated data, the results of 
“double dialysis” on the data produced in dynamic dialysis studies of 
drug-erythrocyte interactions were examined. The intracellular binding 
of drug by the erythrocyte to a single class of preexisting noninteracting 
sites could be misinterpreted as cooperative binding, or binding to at  least 
two classes of sites, when the data of dynamic dialysis are treated in the 
Scatchard format. 


Keyphrases Dialysis, dynamic-drug-erythrocyte interactions 
Erythrocytes-drug interactions, dynamic dialysis analysis 


Dynamic dialysis (1) has been used to quantitate drug 
binding in whole blood and to suspended erythrocytes (2). 
However, due to the structure of the red blood cell, the 
technique of dynamic dialysis may not be quantitatively 
applicable to many drug-erythrocyte interactions. 


BACKGROUND 


The red blood cell’s lipid-like membrane is perforated with positively 
charged aqueous channels of various diameters (3). Molecules may enter 
red blood cells by dissolving in the lipid phase or by passively diffusing 
through aqueous channels. The drug entry rate is governed primarily by 
the drug’s lipid solubility, which is affected by drug ionization. 


Drug may be bound (or adsorbed) by the erythrocyte membrane, but 
most drug taken up by the erythrocytes usually interacts with intracel- 
lular components, especially hemoglobin. Thus, to be bound, the drug 
must pass through the erythrocyte membrane and travel to the intra- 
cellular binding site(s). Drug transport is time dependent and is affected 
by the drug’s physical properties (3). For example, a steady-state cell- 
medium ratio is obtained in less than 5 min for antipyrine and procain- 
amide, 3 hr for serotonin, 7 hr for epinephrine, and >8 hr for norepi- 
nephrine. Drug may also exist in the intracellular fluid of the erythrocyte 
in a free form. Therefore, drug binding is more complicated in erythro- 
cytes than in serum proteins such as albumin. 


Cruze and Meyer (2), utilizing dynamic dialysis, reported that salicylate 


I IK2 


I I 
I I @YM2 “2 * I 


I 
I I 
I 1 


SINK 
Figure 1-Schematic representation of the double dialysis theory. For 
meaning of designations, see text. 


is bound by suspended erythrocytes and that the results obtained may 
be due to either cooperative binding or the presence of hemolysate. 
McArthur et al. (4), utilizing equilibrium dialysis, also reported salicylate 
to be bound by red blood cells. However, other studies (5-8) found that 
salicylate is not bound by red blood cells but is freely permeable to the 
erythrocyte membrane. Erythrocytes act as a salicylate reservoir, but the 
salicylate concentration inside the cell is equal to the free salicylate 
concentration in the plasma. These studies (5-8) suggested that salicylate 
within the red blood cell is in a free, diffusible form. 


Dynamic dialysis (1) is based on the fact that  ligand reversibly bound 
to protein within a dialysis bag is nondiffusible. The rate of loss of ligand 
from this compartment to an external sink of buffer is directly propor- 
tional to the concentration of unbound ligand. In the absence of protein, 
the movement of drug from the dialysis bag to the sink is first order and 
obeys: 


(Eq. 1) 


where: 


IDt] = total molar drug concentration within the dialysis bag a t  any 


K = first-order rate constant for the diffusion of drug out of the 


ID,] = molar concentration of unbound drug within the dialysis bag 


time, t 


dialysis bag (hour-’) 


a t  IDt 1 


The rate constant, K, is found by dynamic dialysis in the absence of 
protein. In the presence of protein, the rate of loss of drug is no longer first 
order, and a plot of log IDt]  oersus t exhibits marked curvature. The in- 
stantaneous rate -d[D, ] ldt  a t  any particular value of (Of] may then be 
used, along with K ,  to determine ID,] using Eq. 1. In this way, a series of 
values of IDt 1 and their corresponding [ D f ]  values may be obtained from 
a single dynamic dialysis experiment. 


Since the drug movement across the erythrocyte membrane to its 
binding site(s) is not instantaneous, the incubation time of a drug- 
erythrocyte solution before addition of this solution to the dialysis sack 
may be critical in dynamic dialysis. This factor is not critical in dynamic 
dialysis studies of drug-albumin interactions since the actual chemical 
equilibrium of the binding reaction is normally reached within a fraction 
of a second (9,lO) and drug does not have to pass through a membrane 
to reach its binding sites. 


A more serious potential problem is the effect of drug movement out 
of the erythrocyte and into the surrounding medium within the dialysis 
bag on the drug transport rate out of the dialysis bag into the external 
sink. In such a case, the drug movement out of the dialysis bag may be 
thought of as involving a double dialysis, i.e., movement of drug out of 
the red blood cell to the surrounding medium followed by movement of 
drug through the dialysis membrane to the external sink. 


Table  I-Constants Used in the Double Dialysis Theory in the  
Presence of Intracellular Drug  Binding 


K i  Figure Curve K1, m l h r  k ,  M-I - 
K . ,  


5 K 0.375 I x 104 0.25 
L 0.750 1 x 104 0.50 


6 M 6 1 x 104 4.00 
N 150 1 x 104 100.00 
P 1,500 1 x 104 1,000.00 


15,000 1 x 104 10,000.00 
0.375 1 x 106 0.25 
0.750 1 x 106 0.50 S 


T 6 1 x 106 4.00 
U 150 1 x 106 100.00 
V 1,500 1 x 106 1,000.00 
W 15.000 1 x 106 10.000.00 


7 ! 
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THEORETICAL 


The double dialysis theory is represented schematically in Fig. 1. In 
this figure, the circle representa the erythrocytes of total volume V I  that 
contain a maas of drug, M I .  Before dynamic dialysis, the drug within the 
red blood cells is in equilibrium with the mass of drug, M2, outside the 
erythrocytes but within the dialysis bag. Drug mass M2 is contained 
within volume Vp, which is equal to the total volume within the dialysis 
bag, Vc,  minus V1. The dotted line represents the dialysis membrane. K 2  
(milliliter per hour) is the rate constant for movement of drug from V2 
to the sink, and K1 (milliliters per hour) is the rate constant for the net 
movement of drug out of the erythrocyte during dynamic dialysis. 


The simplest case of dynamic dialysis represented by Fig. 1 is when 
the drug is not bound by the erythrocyte and when, a t  t = 0, ( M I N I )  = 
( M J V 2 ) .  With the assumption that drug transport out of the red blood 
cell obeys Fick’s law of diffusion (ll),  the equilibria are described by: 


4 
D m A m  Kl = - 


h m  
De = diffusion coefficient of the erythrocyte membrane 
A, = surface area of the erythrocyte membrane 
he = effective thickness of the erythrocyte membrane 
D, = diffusion coefficient of the dialysis membrane 
A, = surface area of the dialysis membrane 
h,  = effective thickness of the dialysis membrane 


’ O h  


f 


\ 


I I I 1 I 1 I 
0 1 2 3 4 5 6 7 


f, hr 


Figure 2-Loss of drug from inside the dialysis bag in the absence of 
drug binding 6y erythrocyte. The d u e  of K Z  (milliliters per hour) for 
each curve is :  A, 0.37.5; H ,  0.750, C, 6; and L), 150. Curve E represents drug 
loss in the absence of protein. 
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Figure 3-Scatchard plots resulting from curves A and B of Fig. 2 using 
K = 0.3 hr - l .  


A t  t = 0, let M2 = (M2)o and M I  = (Ml)o .  Equations 2 and 3 may be in- 
tegrated to yield: 


( B  - Aa)e-ac - ( B  - Ab)e-*‘ 


b - a  
(B’ - A’a)e-a‘ - (B’ - A’b)e-*‘ 


b - a  


M1 = (Es. 4 )  


(Eq. 5) M2 = 


where: 


The total mass of drug within the dialysis bag, M I ,  at any time t is equal 
to M1 + M2. Therefore, upon addition of Eqs. 4 and 5, Eq. 6 is ob- 
tained: 


e-(If[13 + B’ - a ( A  + A ’ ) ]  - e-* l [B + B’ - b ( A  + A’) ]  


b - a  
M I  = 


(Eq. 6) 
or, in terms of concentration: 


e-Of[R + B’ - a ( A  + A’) ]  - e-*‘[B + 8’ - b ( A  i- A’) ]  


Vt(b - a )  
IDtl = 


(Eq. 7) 
where IDc] is the total drug concentration within the dialysis bag. 
Equation 7 may be used to generate theoretical data that would result 
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Figure 4-Scatchard plots resulting from curi'es A and H of Fig 2 using 
corrected K of 0 516 h r - '  


from the situation represented by Fig. 1 in the absence of drug binding 
by erythrocytes. 


The drug may be bound by the intracellular components of the 
erythrocyte. Reversible binding of a ligand by a macromolecule is de- 
scribed by (12): 


(Eq. 8) 


where: 


r = mole of ligand bound per total mole of macromolecule in the 
system 


n, = number of binding sites in the i th class of sites 
k, = intrinsic association constant for the binding of drug to the ith 


class of sites 
[ A ]  = molar concentration of unbound ligand 


This equation holds for a macromolecule that only contains noninter- 
acting classes of preexisting binding sites. In the present case of drug 
binding to intracellular components of erythrocytes, Eq. 8 may be re- 
stated as: 


(Eq. 9) 


where: 


Mh = moles of drug hound by intracellular components of erythro- 
cytes 


P = moles of macromolecule in the system 
M I  = moles of drug within the erythrocyte in the free, diffusible 


form 


Equation 9 may be rearranged to obtain: 


(Eq. 10) 


When drug is bound by the intracellular components of the red blood 
cells, the total mass of drug within the dialysis bag, M,,  a t  any time t is 
equal to M I  + M2 + Mb. Therefore, using Eq. 6: 


e-Of[B + A' - a ( A  + A ' ) ]  - e-*'[A + 8' - b ( A  + A ' ) ]  + M b  M, = 
b - a  


(Eq. 11) 


which may be stated as the following by use of Eqs. 4 and 10 
- e-Ot[R + R' - a ( A  + A ' ) ]  - e - b f [ B  + B' - b ( A  + A')]  


MI - b - a  


+ :I V l ( b  - a )  + k , [ ( B  - Aa)e-"' - ( B  - b A ) e - b f ]  


e-O'[B + B' - a ( A  + A')]  - e - b t [ R  + B' - b ( A  t A')]  


(Eq. 12) 
m n,k ,P[(B - Aa)e-OL - ( B  - b A ) e - b f ]  


or, in terms of concentration: 


[Dtl = V t ( b  - a )  


Equation 13 may be used to generate theoretical data that would result 
from the situation represented by Fig. 1 in the presence of intracellular 
drug binding by erythrocytes. 


T o  utilize Eq. 1 to find ID,] (or [ A ]  as defined herein) a t  the corre- 
sponding value of ID,], the instantaneous slope d [ D , ] / d t  must be found. 
In the theoretical work, this instantaneous slope is found by differen- 
tiation of the applicable equation used to generate the data. Thus, for 
the data of Eq. 7: 


d [ D , ]  - -a[B + R' - a ( A  + A ' ) ] e - o t  + b [ B  + B' - b ( A  + A ' ) ] e - b f  -- 
dt  V , ( b  - a )  


(Eq. 14) 


and for the data of Eq. 13: 


d [ D , ]  - - a [ B  + H' - a ( A  + A')]e-OL + b [ B  + B' - b ( A  + A')]e-br  -- 
dt  V t ( b  - a )  


rn nik ,PVIVt(b  - a ) [ b ( R  - A b ) e - b r  - a ( B  - Ask-"'] 
+ ~ l [ V I V , ( b  - a )  + V , k , [ ( B  - Aa)e-O' - ( B  - A b ) e - b c ] ] 2  


(Eq. 15) 


THE MODEL 


By using Eq. 7 and by choosing values for its constants, the effect of 
K I on the drug diffusion rate out of the bag could be examined theoret- 
ically. In this simple model, the total volume within the dialysis bag was 
5 ml. The erythrocyte concentration used was the same concentration 
normally found in blood (2). Assumption of a 46% hematocrit with 9% 
extracellular fluid in the packed red blood cell mass (3)  gives: 


V 1  = 5 m1[46% - (9%)(46%)] = 2.093 ml 


V2 = V ,  - V ,  = 2.907 ml 


(Eq. 16) 


(Eq. 17) 


2or 
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Figure 5-Loss of drug f rom inside the dialysis bag i n  the prcsencc of 
drug binding hy intraccallular cwnponr'nts of the erytlirocytc. See Table 
I for constants u w d  i n  generation of indictdual curL'es 
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Figure 6-Loss of drug from inside the dialysis bag in the presence of 
drug binding by intracellular Components of the erythrocyte. See Table 
I for constants used i n  generation of individual curves. 


Also, K = 0.3 hr-’ and [Dt]o = 1 X M .  Therefore, the following values 
resulted: K z  = 1.5 m l h r ,  ( M l ) o  = 2.093 X mole, and (M& = 2.907 
x 10-6 mole. 


By using these constants and Eq. 7, the value of IDl] a t  any value of 
t could be found at various values of K1 in the absence of drug binding 
by erythrocytes. 


By using Eq. 13 and the constants already given, the value of IDt] a t  
any value oft could be found a t  various values of ki and K1 in the presence 
of drug binding by intracellular components of erythrocytes. For the 
construction of Scatchard plots, a 1% concentration of protein of 69,ooO 
molecular weight waa assumed, as was done by Cruze and Meyer’ (2). A 
different method of constructing Scatchard plots of drug-erythrocyte 
interactions was proposed recently (13). A single class of sites of n = 2 
was assumed also. 


RESULTS AND DISCUSSION 


Figure 2 was obtained using h. 7 for the double dialysis in the absence 
of drug binding by erythrocytes. This figure shows that as drug is “held” 
in a free state by the erythrocyte, the lower values of K 1  result in slower 
drug loss from the dialysis bag. This presentation gives the false ap- 
pearance of drug-erythrocyte binding. This false appearance of binding 
decreases as K1 increases and is not visible a t  K1 = 150 m l h  where curve 
D cannot be distinguished from the line obtained for drug loss from the 
dialysis bag in the absence of protein (curve E). As the ratio of K I  to K Z  
increases, the false appearance of binding decreases. 


Scatchard plots of the data obtained using K1 = 0.375 m l h r  and K I  
= 0.750 m l h r  indicative of this false binding situation (using Eqs. 1 and 
14) are presented 88 curves F and G, respectively, of Fig. 3. Such unusual 
Scatchard plots probably result since no binding is occurring. In addition, 
the value of K of 0.3 hr-’ found in the absence of protein in the bag may 
be adding to the unusual appearance. This value of K ,  if corrected for the 
decrease in Vz that occurs as a result of the presence of erythrocytes, 
is: 


K 
corrected K = 2 = 0.51600 hr-’ (Eq. 18) v:! 


and, when substituted for the uncorrected K in Eq. 1, results in the 
Scatchard plots of Fig. 4. Curves H and J are obtained for K1 = 0.375 and 
0.750 mlhr ,  respectively. These Scatchard plots also have an unusual 


M. C. Meyer. College of Pharmacy, University of Tennessee Center for the 
Health Sciences. Memphis, Tenn., personal communication, Oct. 28, 1977. 
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Figure 7-Loss o/ drug from inside the dialysis bag in the presence of 
drug binding by intracellular components of the erythrocyte. See Table 
I for  constants used in generation of indioidual curves. 


appearance and could be misinterpreted as resulting from a drug- 
erythrocyte interaction even though no direct interaction is occurring. 


Figures 5-7 show drug loss from inside the dialysis bag in the presence 
of drug binding by intracellular erythrocyte components. The data were 
obtained using Eq. 13 for drug binding by erythrocytes. The constants 
listed in Table I were used to generate the figures. 


Curve K of Fig. 5 and the curves of Fig. 7 all have the decreasing slope 
characteristic of drug-protein interactions. However, curve L of Fig. 5 
and the curves of Fig. 6 exhibit first a decreasing and then an increasing 
slope, similar to those obtained from the dynamic dialysis of both sali- 
cylate and sulfathiazole in the presence of either bovine whole blood or 
suspended erythrocytes (2). These theoretical curves were obtained a t  
a moderate binding strength (k = 1 X lo4 h4-I) and a t  all but the lowest 
K1 to K2 ratio. There is only a small change in the curves obtained using 
a K I  to KZ ratio of 4 or 10,ooO (Fig. 6). In the case of drug binding by in- 
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Figure 9-Scatchard plots resulting from drug binding by a single class 
of sites on the erythrocyte. 


tracellular erythrocyte components, even a t  a K1 to Kz ratio of 1O,OOO, 
the double dialysis theory is important, and ignoring it may result in a 
misinterpretation of dynamic dialysis results. Although the value of K2 
used to obtain these figures may be somewhat low, the results would be 
similar a t  higher values of K Z  with the same K1 to Kz ratios. In the 
presence of binding, identical drug escape curves (Figs. 6 and 7) were 
obtained for all values of the Kl to K2 ratio greater than 150. 


The Scatchard plots shown in Figs. 8 and 9 were obtained for the data 
shown in Figs. 5-7. Each Scatchard plot is denoted by the prime of the 
letter used to identify the curve for drug loss from the dialysis bag. The 
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Figure 10-Scatchard plots resulting /ram Figs. 5 and 6 using K = 0.3 
h r - ' .  
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Figure 11-Scatchard plot resulting from Fig. 7 using K = 0.3 hr-' 


Scatchard plots were obtained using Eqs. 13 and 1 with the corrected 
value of K. 


The Scatchard plots of Fig. 8 show how the noncooperative drug 
binding by intracellular erythrocyte components could be misinterpreted 
as a cooperative drug-erythrocyte interaction. Again, this occurs even 
a t  a Kl to Kj! ratio of 100. 


The Scatchard plots of Fig. 9 could also be misinterpreted as a result 
of ignoring the double dialysis. These curves, especially T and U' ob- 
tained a t  the higher ratios of K1 to K2. could be misinterpreted as the 
interaction of drug with two classes of erythrocyte binding sites. This 
misinterpretation would be even more likely since the corresponding 
curves for drug loss from the dialysis bag (Fig. 7) have the constantly 
decreasing slope that normally results from a drug-protein interac- 
tion. 


Scatchard plots obtained for the data shown in Figs. 5-7 using the 
uncorrected K value of 0.3 hr-I in Eq. 1 are shown in Figs. lOand 11. Each 
Scatchard plot is denoted by the double prime of the letter used to 
identify the curve for drug loss from the dialysis bag. The curves may be 
misinterpreted as being cooperative a t  k = 1 X lo4 or as linear but with 
a slope unequal to -k  at k = 1 x 106. 


Dynamic dialysis studies of drug-erythrocyte interactions could be 
misinterpreted if double dialysis is ignored. Therefore, such quantitative 
analysis of drug-erythrocyte interactions should be conducted carefully 
and compared to results from another experimental method. Equation 
15 could be used to interpret correctly the interaction of drug and 
erythrocytes by dynamic dialysis. However, with the availability of less 
complex experimental methods such as equilibrium dialysis, the use of 
dynamic dialysis may prove less than satisfactory. One problem that 
immediately surfaces with dynamic dialysis is deciding whether a plot 
of drug loss from the dialysis hag that has a constantly decreasing slope 
is due to the double dialysis effect alone (Fig. 2) or to drug binding in 
addition to the double dialysis effect (Fig. 7). Again, equilibrium dialysis 
should be able to distinguish between these two effects, although this 
method is not totally free of technical difficulties. 


Erythrocytes may be important reservoirs for some drugs without the 
drug being bound. The drug may exist within the erythrocyte in a free, 
diffusible form. Thus, no true drug-protein interaction occurs. At equi- 
librium, the drug concentration within the erythrocyte would be equal 
to the free drug concentration in the extracellular fluid. Such an en- 
trapment of drug may have the same effect as drug binding by plasma 
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proteins. These results show that entrapment of drug could resemble a 
drug-protein interaction a t  a sufficiently low ratio of K1 to Kz. This re- 
sults from the decrease in drug available for diffusion from V2 to the 
external sink. At low values of the K1 to Kz ratio, as drug is removed from 
Vz,  i t  is not immediately replaced by drug from within the erythrocytes; 
the end result is the same as if the drug had actually been bound by the 
erythrocyte. 


Dynamic dialysis may be a useful method for the study of drug en- 
trapment since equilibrium methods cannot be used to determine 
transport rate constants of drug out of erythrocytes. However, it is im- 
portant not to confuse drug entrapment by erythrocytes with true 
drug-erythrocyte complexation. 
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Abstract 0 A commercial sample of dexamethasone sodium phosphate 
solution for injection was found to contain 56% of the label concentsation 
and to be extensively contaminated (-50%) with a white insoluble solid, 
which was identified as a mixture of the 16a- and 16P-methyl epimers 
of 9-fluoro-11~-hydroxy-16-methylandrosta-l,4-diene-3,17-dione. 
High-performance liquid chromatography (HPLC) was used to separate, 
identify, and quantitate these epimers and to determine their presence 
in commercial samples. One epimer was identified by HPLC comparison 
with a synthesized specimen of 9-fluoro-ll~-hydroxy-l6a-methylan- 
drosta-1,4-diene-3,17-dione. The second peak was identified as the 
16fi-epimer by epimerization of the synthesized tr-component with alkali 
to obtain a product whose chromatogram matched that of the impurity. 
These conclusions are supported by data obtained by IR and UV spec- 
trophotometry, TLC, and the blue tetrazolium test. 


Keyphrases 0 Dexamethasone sodium phosphate-analysis, high- 
performance liquid chromatography, identification of impurities in a 
commercial sample, epimerization o High-performance liquid chro- 
matography-analysis of dexamethasone sodium phosphate and im- 
purities in a commercial sample Epimerization-dexamethasone so- 
dium phosphate in a commercial solution 


Drug samples contain various impurities: drug inter- 
mediates, by-products, and degradation products intro- 
duced during manufacture, packaging, or storage, as well 
as products of the interaction of such substances with ex- 
cipients in the sample or with the drug itself. These im- 
purities constitute physiological and mechanical hazards. 


For example, during degradation, the structure of the 
compound may retain active or modified active centers 
that, through structural relationship to the intact drug, 
may bestow undesirable physiological activity or toxic 
properties on the decomposition product. An example of 
a physical or mechanical hazard is the presence or forma- 
tion of insoluble substances during intravenous injec- 
tion. 


CH,O P( ONa ). 
I co 
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mulation was saponified and analyzed by GLC. The reaction mixture 
showed a component with the same retention time as testosterone. A spot 
characteristic of V was observed also when the heat-stressed sample was 
examined by TLC. 


The other fragment (VI)  from the hydrolytic I degradation was not 
routinely detected during the assay. A very polar compound, VI is re- 
tained on the acetonitrile-infusorial earth column and is eluted with I 
by chloroform. Since VI had a weak absorbance a t  the 1 maximum, A::m 
< 1 a t  282 nm, its presence did not interfere significantly with the I de- 
termination. 


The VI in a heat-stressed formulation’ sample was detected by allowing 
the hydrazide to react with excess p-nitrobenzaldehyde and subjecting 
the mixture to HPLC analysis. This analysis indicated the presence of 
2.6 mg of VI/ml (equivalent to hydrolysis of 6.8 mg of l/ml). UV assay 
showed 141.2 mg of I/ml (a loss of 8.8 mg/ml). 


I1 and 111 Degradation-Hydrolysis would be expected to he the major 
mode of degradation for I1 and 111, as it is for I. Compound I1 would he 
expected to give 17-@-estradiol 17-enanthate (VII) and/or 17-fl-estradiol 
%enanthate (VIII). Compound I11 would be expected to give 17-P-es- 
tradiol. Since Ill was stable under extremely stressful conditions (120’ 
for 48 hr), its decomposition was not considered further. On the other 
hand, I1  decomposed demonstrably with time. 


A VII sample was prepared by heating I1 in benzyl benzoate. The iso- 
lated material’s structure was verified by IR, GLC-mass spectrometry, 
and TLC. Examination of a severely stressed formulation‘ by GLC-mass 
spectrometry indicated a component with the same retention time and 
mass spectrum as VII. Evidence confirming the presence of VII in the 
stressed formulation was obtained by TLC. 


The VII retention time on the OV-101 column was similar to that for 
V; when mixed, the two components eluted as a single peak. Thus, if  


present in the formulations, VII would not be detected in a normal 
analysis. The two steroids were separated on a Silar 1OC column. Analysis 
of a heat-stressed formulation* using this column showed the presence 
of 0.85 mg of VII/ml (equivalent to a loss of 0.95 mg of II/ml) while the 
analysis for I1 using the OV-101 column resulted in a value of 6.94 mg/ml 
(a loss of 0.96 rng/ml from the initial value). 
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Abstract 0 UV spectrophotometry, high-pressure liquid chromatog- 
raphy. and NMR were used to investigate sxn-anti isomerization i n  
testosterone 17-enanthate :%-l)enzilic acid hydrazone. In the crystalline 
state, the isomeric ratio is dependent on the crystallization solvent. In 
solutions, including injectable pharmaceutical lormulations, an equi- 
lihriuni isomer mixture ( 2 1 )  is formed. 


Key phrases 0 Testosterone hydrazones-isotnerizatio~i, UV spect ro- 
photometry. high-pressure liquid chromatography. NMR, el‘lect of 
crsstallization solvent 0 Isomerization --testosterone hydrazones, cllect 
01’ crg.stallizntion solvent 


Compounds containing an azo function can exist in syn- 
or anti-configuration. Most phenylhydrazones, semicar- 
bazones, and thiosemicarbazones form equilibrium isomer 
mixtures in solution (1). syn--anti Isomerization was de- 
tected by NMR in the 3-oximes of a series of testosterone 
derivatives (2). Separation of 17cu-ethynyl-17/3-acetoxy- 
19-norandrost-4-en-3-one oxime isomers using high- 
pressure liquid chromatography (HPLC) was also reported 
( 3 ) .  


The object of the present study was to  determine 
whether testosterone 17-enanthate 3-benzilic acid hy- 
drazone ( I ) ,  a long-acting androgen, exists as a single iso- 
mer or as a syn-anti mixture. 


EXPERIMENTAL 


Stock solutions of I’ in methanol or  ethanol, -0.75 mg/ml, were used 
Ii)r equilibration studies. These solutions were diluted 1 to 50 prior to UV 
measuremen t2. 


High-pressure liquid chromatograms were obtained using an instru- 
ment:’ with a 254-nm fixed-wavelength detector and a column4 (25  cm 
X 2 mm i.d.) packed with 6-pm silica particles. The mobile phase WQS 


N Lt 
I 


HN 
I 


C=O 
C “ O H  I 


db 
Ia Ih  


1 Merck Frosst Production 1,aboratories. Valleyfield. Quebec, Canada. 
‘2 Hcckman model DB-C: and Cary model 15. 
3 DuPont model 890. 
4 Zorbax-SIL. DuPont. 
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Figure I-Absorbance at 282 n m  versus time for a I solution in meth- 
anol(O.0125 mglml). 


pentane-ether-concentrated ammonia (50501).  The flow rate was 0.5 
mllmin. Continual column use led to resolution loss and changing re- 
tention times due to mobile phase water absorption by the silica. The 
column could be regenerated with anhydrous ether as the mobile 
phase 


Figure %-Chromatograms o f  I stored 
for 2 months in methanol (0.75 mglml). 
The chromatographic conditions were: 
column, Zorhax-SIL; mobile phase,  
pentane-ether-concentrated ammonia 
(.jfk50;1); flow, 0.5 ndlmin; prtwure.  1000 
psi; injection oolume, 3 pi; u'auelength, 
2.5.1 nm,  and attenuation. 0.08 aufs.  


I b  


R 


440b I I I I I L 
10 20 30 40 50 60 70 ao 90 
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Figure 3-Apparent at 282 n m  versus time for I crystallized from 
aqueous acetone (0) and for I crystallized f rom aqueous ethanol (0)  
dissolued in ethanol at 70'. 


A 60-MHz NMR spectrometer5 was used to record NMR spectra. So- 
lutions were prepared by dissolving -60 mg of the samples in 0.6 ml of 
deuterated chloroform. Tetramethylsilane was used as an internal ref- 
erence standard. 


RESULTS AND DISCUSSION 


Since the azo group of I is conjugated to the 4,5-double bond, syn- ( I a )  
and an t i - ( lh )  isomers might be expected to have different UV spectra, 


I0 


I b  


A 
10 5 0 


MINUTES 
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I b  


I0 


L 
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Figure 4-(A) Chromatogram of I equilibrated in methanol 10.75 
mglml). (R) Chromatogram of dilute formulation (1:200 in chloroform). 
Conditions toere as in  Fig. 2. 


f, Varian model A-60-D. 
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F i g u r e  5-(A) N M R  spectrum of I crystallized from aqueous acetone 
(-100 mglrnl i n  deuterated chloroform). f B )  N M R  spectrum of I crys- 
tallized from aqueous ethanol (-100 mglml i n  deuterated chloro- 
form). 


a s  was observed for 2,4-dinitrophenyl hydrazones (4) .  In fact, the  first 
indication for the presence of two 1 isomers was the observation that  the 
absorbance (a t  the UV maximum near 282 nm) of a methanolic I solution 
decreased with time. After a loss of 7.5‘h, the absorbance remained con- 
s tan t  (Fig. 1). T h a t  this decrease in absorbance was due  to a reversible 
equilibrium was shown by the following experiment. T h e  methanol was 
evaporated from a I solution in which. the absorhance had decreased 
--7.5%, and the residue was crystallized from isopropyl ether. This solvent 
was then evaporated, and the entire residue was redissolved in methanol. 
‘I’he absorbance of this solution was the same a s  tha t  observed for the 
freshly prepared solution. On storage, the solution absorbance again 
decreased. 


Figure 2 illustrates the HI’LC separation of the two isomers present 
in a n  aged I solution in methanol. Examination of a number of I solutions 
indicated a correlation between the UV properties and the  amount of I6 
determined by HI’LC. On standing, the  apparent o f  the  solutions 
decreased a s  the amount  of I6 increased. 


Freshly prepared I solutions also indicated a small amount  of 16. T h e  
extent of this isomerization depended on the method used to crystallize 
1. For pharmaceutical formulations, I is crystallized from isopropyl ether. 
A freshly prepared solution of this material had an apparent A;& o f  523 
a t  282 nm with -5% isomer I6 by area on HPLC; I crystallized from ac- 
etone-water (102)  had an apparent of 550 a t  282 n m  with -1% Ib. 
T h e  apparent A!:m o f  I crystallized from aqueous ethanol varied from 


c t  I . . . .  I . . . .  I .  . I I . . . . . .  


7.0 6.0 5.0 
PARTS PER MILLION 


F i g u r e  6--(A) NMR spectrum of 1 crystallized from aqueous acetone 
after storage for 6 daxs i n  deuterated chloroform. (R)  N M R  spectrum 
of I crystallized from aqueous ethanol after storage for 6 days i n  d r u -  
terated chloroform. 


165 to 430. These values are  lower than those measured for the equilib- 
rium mixture dissolved in ethanol ( A &  492 a t  282 nm). 


T h e  solution equilibration rate  was increased by exposure to UV ra- 
diation and heat. The  elevated temperature effect is shown in Fig. 3 where 
I crystallized from aqueous acetone (A!:m 550) and I crystallized from 
aqueous ethanol (A!:m 457) equilibrated to the  same isomer ratio in 30 
min a t  70’. This  heating period was incorporated into the analysis of I 
in pharmaceutical formulations to assure complete equilibration prior 
to  UV measurement (5). 


T h e  extent of isomerization in a marketed pharmaceutical formulation 
was determined. A chromatogram obtained from the HPLC analysis of 
a formulationa freshly dissolved in chloroform was compared to  a chro- 
matogram from an equilibrated I solution in methanol (Fig. 4). The 
similarity of the two chromatograms indicates that  the equilibrium isomer 
ratio is the  s a m e  in t h e  formulation and  in methanol. 


Although crystallization from acetone yielded isomer f in reasonable 
purity, a pure sample of the  thermodynamically less stable isomer was 
unobtainable. Without knowledge of the  Ib  UV spectrum, the  amounts 


Climacteron Injection, Charles E. Frosst, Montreal, Quebec, Canada 
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of the two isomers could not be determined by UV measurement. This 
determination was possible using NMR. As observed for the testosterone 
oxime (2), the vinyl proton had a different chemical shift for the two 
isomers. The spectra (over the 4-8-ppm range) for I crystallized from 
acetone and from aqueous ethanol are shown in Fig. 5. Crystallized I from 
acetone had a single resonance attributable to the vinyl proton a t  5.95 
ppm; I crystallized from aqueous ethanol 457 a t  282 nm) had res- 
onances a t  5.95 and 5.60 ppm. That the resonance a t  5.60 ppm was due 
to Ib was confirmed by monitoring changes in the two resonances with 
time. After storage for 144 hr with exposure to daily diffuse sunlight, the 
acetone-crystallized I had developed a resonance a t  5.60 ppm (Fig. 6A). 
In the sample crystallized from aqueous ethanol, the resonance a t  5.60 
ppm had become smaller and the one at  5.95 ppm had become larger than 
in the initial spectrum (Fig. 6B). 


The vinyl resonance integration values for the aqueous ethanol-crys- 
tallized sample showed the mixture to be 50% Ia and 50% 16. After 144 
hr in solution, both crystal types showed 67% Ia and 33% Ib. Using these 
ratios along with an apparent A :Tm of 457 for I crystallized from ethanol 
and an apparent of 492 for the equilibrium mixture, the A &  of Ia 
was calculated as 554 and that for I6 was 365 a t  282 nm. 


For the oximes of testosterone derivatives, Mazur (2) observed that 


the vinyl proton in the anti-isomer always resonated about 40 Hz upfield 
from the syn-isomer. For I, the 22-Hz upfield shift of Ib relative to Ia 
suggests that  10 is the syn-isomer and Ib is anti .  This assignment is 
consistent with an -20-Hz shift to lower field predicted when the vinyl 
proton is cis to the azo group(syn) compared to trans (anti)  (1) .  
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Abstract  0 The first derivative curve is used for tolbutamide determi- 
nation in unit-dose tablets and in combination products. The absorbance 
contribution from tablet excipient and coexisting components, thiamine 
and pyridoxine, is thereby nullified. The interference from tolbutamide 
during thiamine and pyridoxine determination is eliminated by solvent 
extraction and pH-induced differential spectrophotometry. Thiamine 
is measured at  the isosbestic point of pyridoxine. The latter is determined 
by the differential absorbance measurement a t  two wavelengths with the 
consequent computation of the delta absorbance value. 


Keyphrases Tolbutamide-analysis, combination tablets with thi- 
amine and pyroxidine, spectrophotometry, first derivative curve 0 
Thiamine-analysis, combination tablets with tolbutamide and pyri- 
doxine, spectrophotometry, first derivative curve Pyridoxine-analysis, 
combination tablets with thiamine and tolbutamide, spectrophotometry, 
first derivative curve 0 Spectrophotometry-analysis. tolbutamide in 
combination tablets 0 Antidiabetic agents-tolbutamide, spectropho- 
tometric analysis, in combination tablets 


Spectrophotometric determination of a weakly ab- 
sorbing compound like tolbutamide in tablets without any 
interference from the tablet excipients is challenging. The 
problem is made more difficult when such a compound is 
combined with thiamine hydrochloride and pyridoxine 
hydrochloride. 


Quantitation methods for multicomponent mixtures 
often employ multiple separation steps using chromatog- 
raphy or solvent extraction (1, '2). UV spectrophotometric 
methods that demand solution of simultaneous equations 
have also been used (3). Mixtures of two known absorbing 
substances have been determined spectrophotometrically 
(4). This method was modified (5) in terms of the extinc- 


tion ratio. The application of the absorbance ratio to bi- 
nary mixture analysis was recommended (6,7). 


The orthogonal function method was proposed in two- 
component spectrophotometric analysis (8). Recently, dual 
wavelength spectrophotometry (9) was applied to the si- 
multaneous determination of mixtures (10) and to masking 
of unwanted components (11). The first derivative curve 
was useful in distinguishing substances with overlapping 
spectra (12) and in the quantitative analysis of two-com- 
ponent mixtures (13). 


The present investigation was concerned with tolbuta- 
mide determination in unit-dose tablets and combination 
products by use of the first derivative curve. pH-Induced 
difference spectrophotometry (14-16) was utilized for 
thiamine and pyridoxine determination by independent 
absorbance measurements. 


EXPERIMENTAL 


Materials-Tolbutamide', thiamine hydrochloride', and pyridoxine 
hydrochloride' unit-dose tablets3 contained 500 mg of tolbutamidel 
tablet, The combination product4 contained 500 mg of tolbutamide, 5 
mg of thiamine hydrochloride, and 3 mg of pyridoxine hydrochloride. 


Reagents-All reagents were analytical grade, and solvents were 
spectroscopic grade. 


I El-Nile Co. for Pharmaceutical and Chemical Industries, Cairo, Egypt. 
2 Alexandria Co.  lor Pharmaceutical and Chemical Industries. Egypt. 


Batch 039, Hoechst Orient Saa. Cairo. Egypt. 
Batch 14364, El-Nile Co. for Pharmaceutical and Chemical Industries. Cairo. 


Egypt. 
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Abstract  0 GLC with electron-capture detection was applied to the 
assay of the carbonic anhydrase inhibitor dichlorphenamide and dem- 
onstrated a sensitivity of 10 ng in 0.5 ml of rabbit serum or whole aqueous 
humor (-0.25 ml) from one rabbit eye. After extraction of the drug and 
internal standard (monochlorphenamide) from the biological fluid, these 
compounds were converted to their tetramethyl derivatives by a 
nucleophilic alkylation method. Dichlorphenamide contents of aqueous 
humor and serum of rabbits treated with this drug are reported. 


Keyphrases 0 Dichlorphenamide-GLC analysis in biological fluids 
GLC-analysis, dichlorphenamide in biological fluids Carbonic 


anhydrase inhibitors-dichlorphenamide, GLC analysis in biological 
fluids 


Dichlorphenamide (I), 4,5-dichloro-1,3-disulfamoyl- 
benzene, is an orally effective carbonic anhydrase [car- 
bonate dehydratase EC 4.2.1.1 (l)] inhibitor' (2). This drug 
possesses diuretic activity (3,4) and decreases intraocular 
pressure in rabbits (5) and in normal (2) and glaucomatous 
(2,6,7) humans. Assay of dichlorphenamide in biological 
fluids, especially aqueous humor, requires a very sensitive 
method. CLC with electron-capture detection is useful for 
the determination of submicrogram quantities of com- 
pounds in small volumes of body fluids. However, direct 
CLC of polar compounds is usually not possible; deriva- 
tization techniques must be used to convert these com- 
pounds to less polar derivatives. 


This paper describes a GLC technique combined with 
electron-capture detection for the assay of dichlorphen- 
amide and its application to the determination of aqueous 
humor and serum drug levels following dichlorphenarnide 
administration to rabbits by different routes. 


EXPERIMENT A L 


Reagents and Chemicals-The following were used: dichlorphen- 
amide2 (I), 4-chloro-l,3-dis~lfamoylbenzene~ (11) as the internal standard, 
toluene3 (pesticide quality), ethyl acetate3 (pesticide quality), N , N -  
dimethyla~etamide~ for synthesis, acetic acid4 for analysis, sodium bi- 
carbonate4, anhydrous sodium sulfate4, 10% aqueous tetramethylam- 
monium hydroxide4, methanol4, and methyl iodideh (purum). A half- 


' Daranide, Merck Sharp & Dohme. 
2 Merck Sharp & Dohme. 
3 Carlo Erba. 
4 E. Merck. 


Fluka. 


nd the tMe :k Sharp & Dohme 


SO~NH, 
I 


SO,NH, 
I1 


saturated solution of sodium bicarbonate and 0.1 N NH40H were pre- 
pared with deionized water. The tetramethylammonium hydroxide was 
diluted fourfold with methanol. 


Instrumentation-The gas chromatograph6 was equipped with a 63Ni 
(10-mCi) electron-capture detector. A 1.5-m X 3-mm i.d. glass column 
containing 3% OV-17 on 100-120-mesh Gas Chrom Q7 was used. The 
carrier gas was argon-methane (90:lO) with a flow rate of 60 ml/min and 
<5 ml/min detector scavenge. Temperatures were 265' for the column 
and 290' for the injector and detector. 


GLC-mass spectrometry of the derivative was carried out with a mass 
spectrometefi operated in the electron-impact (70 ev) mode and equipped 
with a 1.5-m X 3-mm column packed with 2% SE-30 on 80-100-mesh Gas 
Chrom Q7 (250"). 


D r u g  Extraction-The extraction method was based on that de- 
scribed by VandenHeuvel et al. (8) for hydrochlorothiazide in human 
plasma. An appropriate, known volume of aqueous humor or serum 
(containing less than 100 ng of dichlorphenamide) was diluted with water 
to 0.5 ml in a 7-ml disposable, silanized, glass-stoppered tube to which 
75 ng of I1 in 0.1 ml of ethyl acetate (taken to dryness with a nitrogen 


1 1  


MINUTES 
Figure 1-Chromatograms ( 1  X afs at I mu) from control aqueous 
humor ( a ) ,  control serum ( b ) ,  and control aqueous humor spiked with 
50 ng of dichlorphenamide (1) and 75 ng of the internal standard (11) 
( C ) .  


6 Girdel 75. 
7 Altech Associates. 
8 Finnigan 3200. 
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Table I-Recovery of Dichlorphenamide from Biological Fluids 


Amount 
Added, 


ng Amount Recoveredo Mean f SD 


10 A 4.2 


20 A 20.5 


50 A 43.8 


B 42 


B 103 


B 88 


B 102 
100 A 101.9 


10 A 6.5 


20 A 18.2 
B 65 


B 91 
50 A 57.7 


100 A 120.5 
B 115 


B 121 


7.7 
77 
21.7 


108 
55.4 


111 
104.2 
104 


10.0 
100 
19.3 
97 
61.2 


122 
120.50 
120 


From Aqueous Humor 
7.7 - 7.7 3.1 


77 - 77 21 
ii.00 20.5 20.6 io.00 
85 103 103 50 
44.9 34.4 50.7 46.1 
90 69 101 92 
71.7 77.5 93.8 84.4 
72 77 94 84 


From Serum 
4.2 6.5 5.4 


42 65 54 
25.1 13.5 21.7 27.5 


126 68 108 137 
41.4 42.6 48.4 57.7 
82 85 97 115 
90.3 85.6 81.0 92.6 
90 86 81 93 


7.7 10.0 
77 100 
21.7 25.1 


108 126 
49.6 43.8 
99 88 
85.6 79.8 
86 80 


8.9 8.9 
89 89 
20.6 21.7 


102 108 


6.9 f 2.4 
69 f 24 


19.6 f 4.5 
98 f 22 


46.1 f 6.2 
92 f 12 


87.4 f 11.6 
87 f 12 


7.0 f 2.0 
70 f 21 


21.0 f 4.3 
105 f 21 


51.8 f 7.4 
103 f 15 


94.7 f 18.7 
95 f 19 


(I Values in the A rows represent nanograms recovered; values in the H rows represent percent recovery 


stream) had been added. The tube was agitated to ensure dissolution of 
the internal standard. Toluene (0.5 ml) was added to this sample, and, 
after agitationg and centrifugation, the organic phase was discarded; this 
step was repeated. 


The remaining aqueous phase was extracted twice with 0.5 ml of ethyl 
acetate, and the organic phases were transferred to another tuhe. A 0.5-ml 
aliquot of 0.1 N NH40H was added to the combined ethyl acetate phases, 
the tube was agitated (vortex mixer) and centrifuged, and the upper or- 
ganic phase was discarded. Acetic acid (50 pl)  was added to the aqueous 
phase to give a pH between 3.5 and 4, and this solution was extracted 
twice with 0.5 ml of ethyl acetate. The extracts were combined and taken 
to dryness under a nitrogen stream. 


Derivatization-Dichlorphenamide methylation was carried out 
using a procedure similar to that used by Least el al. (9) for the butylation 
of ethosuximide. Purification of the derivative prior to GLC analysis was 
carried out as described by Greeley (10). N,N-Dimethylacetamide (40 
pl), 10 pl of methanolic tetramethylammonium hydroxide, and 10 p1 of 
methyl iodide were added to the dry residue. The stoppered tube was 
allowed to stand for 10 min a t  room temperature, 0.5 ml of toluene was 
added, and the tube was agitatedg and centrifuged. 


The upper phase was transferred to another tube, and the extraction 
was repeated. The combined toluene phases were washed sequentially 
with 0.5 ml of water, 0.5 ml of bicarbonate, and 0.5 ml of water. After 
drying over anhydrous sodium sulfate, the organic phase was taken to 
dryness under a nitrogen stream. The residue was dissolved in 50 pl of 
toluene, and 2 pl was injected into the gas chromatograph. 


Assay-Peak heights for derivatized dichlorphenamide and the in- 
ternal standard were measured. A standard curve was constructed by 
derivatization and G1.C assay of known amounts of dichlorphenamide 
added to 75 ng of monochlorphenamide. The ratio obtained hy dividing 
the dichlorphenamide peak height by the internal standard peak height 
was plotted against the amount of dichlorphenamide used. 


Known amounts of dichlorphenamide and 75 ng of the internal stan- 
dard were added to either 0.2 ml of aqueous humor or  0.5 ml of serum. 
These spiked samples were extracted, derivatized, and analyzed to obtain 
standard curves from both biological fluids. Concentrations of dichlor- 
phenamide in biological samples were determined by referring to the 
corresponding standard curve. 


Treatment  of Rabbits and Collection of Samples-Dichlorphen- 
amide was used as either a 5% suspension in distilled water or a 5% so- 
lution of the potassium salt in saline (all concentrations are expressed 
as dichlorphenamide). Unanesthetized rabbits in restraining boxes were 
used throughout this study. Agents were administered as follows: ( a )  a 
1-ml/kg dose of the suspension of dichlorphenamide or of the potassium 
salt solution was given by stomach tube (50 mg/kg); and ( b )  a 1-ml/kg 
dose of the potassium salt solution was injected intravenously into the 
marginal ear vein (50 mg/kg). 


All rabbits were fasted for 16 hr. A t  the end of experiments, rabhits 
were anesthetized by intravenous injection of pentobarbital sodiumlo, 


9 Maxi Mix, Thermolyne. 
lo Nembutal, Abbott. 


the aqueous humor of each eye was withdrawn using a needle gun ( l l ) ,  
and -7 ml of blood was sampled hy intracardiac puncture. Blood was 
allowed to clot for = 2  hr and then centrifuged, and the serum was pi- 
petted for the assay. 


RESULTS AND DISCUSSION 


Chromatograms resulting from assay of control aqueous humor and 
serum and aqueous humor spiked with dichlorphenamide and the in- 
ternal standard (50 and 75 ng, respectively) are shown in Fig. 1. The re- 
tention times were -9 and 12 min for the tetramethyl derivatives of the 
internal standard and dichlorphenamide, respectively. 


A linear response should be obtained with monochlorphenamide to 
validate its use as an internal standard. By plotting the peak height of 
the derivative of monochlorphenamide against the quantity of mono- 
chlorphenamide used, it was demonstrated that a linear response was 
obtained between 1.6 and 8 ng injected. 


A calibration curve prepared by derivatization of known amounts of 
dichlorphenamide indicated that a linear relation existed in the 10-100-ng 
range hetween the peak height ratio of dichlorphenamide to the internal 
standard and the amount of derivatized dichlorphenamide. The pa- 
rameters of this linear relationship, calculated according to Carstensen 
(12), were: slope, 0.009 f 0.001; intercept, 0.154 f 0.034; and coefficient 
of regression, 0.995. Eight values were obtained for each concentra- 
tion. 


Recovery was calculated by referring to the previous standard curve 
for samples of serum or aqueous humor spiked with known amounts of 
dichlorphenamide. The recoveries were 87 f 13% (SD)  for aqueous humor 
and 93 f 1616 for serum (Table I). 


By plotting the peak height ratio of dichlorphenamide to the internal 
standard of these spiked samples against the amount of added dichlor- 
phenamide, it was demonstrated that the relationship was statistically 
linear in aqueous humor ( r  = 0.998) and serum ( r  = 0.997). The standard 
curves thus obtained were used for assays. 


The electron-impact (70 ev) mass spectrum of the derivative of di- 
chlorphenamide was obtained by GLC-mass spectrometry. The char- 
acteristic dichloro molecular ion ( m / e  360/362) demonstrated the for- 
mation of the tetramethyl derivative. Other dichloro ions with their 
characteristic pattern (13) were: (M - SOPNC~HS) (mle 253/255) and 
[M - [S02N(CH3)2]2] ( m / e  144/146). The base peak (m/e  108) was not 
chlorine containing and could have been [S02N(CH&]+. The mass 
spectrum of the derivatized internal standard was obtained using similar 
conditions. The molecular inn (m/e 326/328) demonstrated the formation 


Table  11-Dichlorohenamide Selective Ion Monitorine 


Intensity Ratios 
SamDle mle 255/253 m/e 362/360 


Standard tetrameth ldichlorphenamide 0.61 0.72 
Serum spiked with dlchlorphenamide 0.62 0.74 
Aqueous humor spiked with 0.61 0.74 


dichlomhenamide 0.62 0.73 
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Table 111-Biolevels of Dichlorphenamide a f t e r  Administration to Rabbits a 


Group A Group BC Group Cd 
Aqueous Humor Serum Level, Aqueous Humor Serum Aaueous Humor Serum Level. 


Hours Level, ng/100 mg ng/100 rl LeLeI, ng/100 m i  Level, ng/100 p~ Lebel, ng/100 mg ng/100 pl 


0.5 19.9 f 31 1.8 f 1.2 27.8 f 34.1 468.9 f 409.7 315.4 f 145.0 2176.3 f 732.8 
41.7 f 13.2 344.3 f 98.9 1915.7 f 583.8 1 14.8 f 22 54.1 f 8.9 117.4 f 43.2 


2 41.8 f 31.5 118.3 f 86.3 86.1 f 58.6 460.0 f 319.8 277.0 f 41.7 1580.0 f 47.2 
4 41.6 f 24.1 148.8 f 63.9 119.8 f 75.2 709.7 f 408.8 192.5 f 109.3 2370.2 f 669.2 
8 50.1 f 35.8 164.8 f 44.6 58.6 f 39.2 135.6 f 79.1 58.3 f 29.2 - 


16 28.4 f 12.1 129.8 f 60.2 7.3 f 8.3 31.2 f 14.6 13.3 f 3.7 - 
24 7.7 f 5.6 9.3 f 14 2.1 f 2.7 24 + 11.1 


e 
e 


- e -e 


* Results are means f SD (12 samples for aqueous humor and six samples for serum). * Rabbits received dichlorphenamide suspension orally (50 mgkp). C Rahbits 
Amount under the limit received diehlorphenamide potassium salt orally (SO rnglkg). 


of detection. 
Rabbits received dichlorphenamide potassium sait intravenously (SO rnglkg). 


of the tetramethyl derivative; the base peak was (M - S02NC2H5) (mle 
219/221). 


To confirm that the drug is converted to the tetramethyl derivative 
in biological extracts a t  the submicrogram level, selective ion monitoring 
was carried out after derivatization of extracts from aqueous humor or 
serum spiked with dichlorphenamide. The ion intensity ratios for m/e 
253/255 (M - SO~NC~HF,) and m/e 360/362 (M) from these isolates and 
a sample of tetramethyldichlorphenamide are presented in Table 11. 
Clearly, the values from the isolates were the same as those from the 
reference standard. The ions of m/e 346/348 (M) of the trimethyl deriv- 
ative also were monitored, but no signals were observed, demonstrating 
the absence of a detectable amount (1%) of this derivative in the injected 
sample. Unquestionably, the tetramethyl derivative was formed in each 
case. 


The levels of dichlorphenamide in the aqueous humor and the serum 
of rabbits receiving this drug are reported in Table 111. Usually, the 
sensitivity of the method was sufficient t o  determine levels in these two 
biological fluids. The solubilization of dichlorphenamide as its potassium 
salt tremendously enhanced the bioavailability in both fluids. 


The use of an internal standard eliminated any errors in quantitation 
as a result of sample manipulation (14). The sensitivity of this method 
is such that 10 ng of drughample (-4 ng/100 pl of aqueous humor or 2 
ng/100 pl of serum) can be quantitated. 
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Abstract Ion-exchange resin beads in the benzoate form were coated 
by several microencapsulation techniques to alter and improve charac- 
teristics, especially the control of drug release, of this type of drug delivery 
system. The most successful techniques included polymer-polymer in- 
teraction, temperature change, and nonsolvent addition. The microen- 
capsulated beads then were studied with respect to the release rate of the 
organic anion to determine the effects of micrtmcapsulation. The release 
rate of the organic anion could be controlled over a wide range, depending 
on the encapsulating material characteristics. Factors affecting the extent 
and rate of release as a result of microencapsulation are discussed. 


Keyphrases Microencapsulated ion-exchange resin beads-prepared 
by various methods, evaluated for release rate 0 Ion-exchange mi- 
croencapsulated resin beads-prepared by various methods, evaluated 
for release rate 0 Delivery systems-microencapsulated ion-exchange 
resin beads, prepared by various methods, evaluated for release rate 0 
Dosage forms, potential-microencapsulated ion-exchange resin beads, 
prepared by various methods, evaluated for release rate 


Ion-exchange resins function as effective carriers for 
prolonging drug release for sustained biological action and 
for. improvement of other pharmacokinetic parameters 
such as the absorption rate constant (1). In addition, ion- 
exchange resins are used for binding biological materials 
such as bile salts and sodium ions within the GI tract (2, 
3). While ion-exchange resins form a useful drug delivery 
system, improvements can be effected in some cases by 
coating the resin beads with various pharmaceutical ad- 
juvants. Potential improvements are: enhancing the taste 
of ion-exchange resins (4,5), decreasing the release rate of 
drugs from the resins (5,6), permitting greater saturation 
of the resin with the drug and a slower elution rate (61, 
minimizing elution of drug in liquid preparations of ion- 
exchange resin-drug complexes (6, 7), and minimizing 
interaction of drugs with resins used as tablet disintegrants 
(8). 


One effective and versatile method of coating small solid 
particles is microencapsulation, which can be accomplished 
with various procedures (5,9,10). Many researchers dis- 
cussed the encapsulation of solid particles 01-16), but few 
applied the process to ion-exchange resins (4, 17). It was 
deemed appropriate to investigate microencapsulation 
procedures for the preparation of coated ion-exchange 
resins to exploit the value of resin beads, such as uniform 
size and consistent binding of drugs, for improving their 
pharmaceutical characteristics. Specifically, it was ex- 
pected that medication with a wide range of prolonged- 
release characteristics could be prepared. In addition, it 


was hoped that a uniform coat around the beads could be 
obtained by various encapsulation methods. 


The effect of additives on the characteristics of the film 
used to coat pharmaceuticals also was investigated. In 
some cases, additives selected are of such a nature that the 
rate of transmission or release of drugs is increased (12,18) 
or decreased (19). Part of the present research is concerned 
with employing additives in the preparation of the mi- 
croencapsulating film to prolong or delay the release so 
that the coated beads can be considered for other uses in 
pharmacy besides oral medication. 


EXPERIMENTAL 
Materials-All experiments were carried out with a 20-50-mesh 


strongly basic ion-exchange resin' in the benzoate form. The resin was 
screened wet; the heads that passed through a 35-mesh screen but were 
retained on a 40-mesh screen were used. The resin then was cleaned, 
conditioned, and converted into the benzoate form by the procedure 
described previously (20). The average particle bize of the resin beads, 
as determined by microscopic measurement of 30 beads, was 0.366 mm 
(wet) and 0.325 mm (dry). 


Encapsulation Procedures-Polymer-Polymer Interact ion-The 
method of Luzzi and Gerraughty (14, 21), adapted from Green and 
Schleicher (22,23), was modified for the encapsulation of the resin beads. 
In this method, the interaction of oppositely charged polyelectrolytes 
results in the formation of a complex of considerably reduced solubility 
such that phase separation occurs. The specific procedure used consisted 
of dissolving 3 g of acacia2 and 3 g of gelatin3 separately in 100 ml of dis- 
tilled water each. The solutions were warmed to 55' and mixed, and the 
pH was adjusted to 6.5 with 20% NaOH. The resin beads (2 g) then were 
added, and the pH of the mixture was altered to 4.5 by the dropwise ad- 
dition of dilute hydrochloric acid with stirring. 


The temperature was allowed to drop, and the polymers coalesced 
around the resin beads. Subsequently, 10 ml of formaldehyde solution 
USP was added, and the mixture was cooled to loo by immersion in an 
ice bath with constant stirring. The pH then was adjusted to 9.0 by the 
dropwise addition of 20% NaOH. The mixture was diluted to approxi- 
mately 400 ml with distilled water, left overnight, and then centrifuged 
for 30 min a t  2700 rpm. 


The supernate was decanted, and the microencapsulated heads were 
transferred to a 60-mesh screen and washed with water to remove the 
empty capsules. The capsules remaining on the screen were poured into 
a flask along with 100 ml of distilled water. After settling, water was re- 
moved by rinsing the capsules with three 50-ml portions of 95% ethanol. 
The mixture was filtered, washed with ethanol, and dried in a desicca- 
tor. 


Temperature Change-Five methods of preparation were evalu- 
ated. 


Dowex 1-X8, Dow Chemical Co., Midland, Mich. 
Gum Acacia BP, British Drug Houses (Canada) Ltd., Toronto, Canada 
Gelatin, Pharmagel A., American Agricultural Co., Detroit, Mich. 


002235491 791 0200-02 1 1$0 1.001 0 
@ 1979. American Pharmaceutical Association 
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Table I-Data on the  Microencapsulation of Ion-Exchange Resins 


Encapsulating Materialn, g Radius of 
Abbreviation Encapsulating Material Resin Complex, g Encapsulated Bead, mmb R, min-I D, cmz sec-1 d 


I Nocoat - 0.1830 0.0748 4.23 X 
I1 Ethylcellulose standard 20' 0.1485 0.1916 0.04 1 7 2.58 X 


111 Ethylcellulose standard 100 0.1419 0.1913 0.0422 2.60 X 
IV Ethylcellulose medium 50 0.1274 0.1905 0.00923 5.65 x 10-9 
V Ethylcellulose medium 100 0.1198 0.1900 0.00613 3.73 x 10-9 


VI Gelatin-acacia 0.3963 0.2045 0.0548 3.87 X 
VII Cellulose acetate butyrate 0.1289 0.1905 0.00564 3.45 x 10-9 


Vlll I1 plus butyl stearate 0.1587 0.1922 0.0124 7.73 x 10-9 
IX I1 plus castor oil 0.2332 0.1963 0.0393 2.55 X lo-* 
X I1  plus polyethylene 0.1334 0.1908 0.0119 7.31 x 10-9 


XI I1 plus polyethylene and paraffin 0.2438 0.1968 0.00 124 8.11 X 
XI1 111 plus butyl stearate 0.1822 0.1935 0.0202 1.27 X 


XI11 111 plus castor oil 0.1988 0.1944 0.0208 1.32 X 
XIV 111 plus polyethylene 0.1185 0.1900 0.001 10 6.70 X 1O-Io 
XV 111 plus polyethylene and paraffin 0.3406 0.2018 0.000690 4.74 X lo-'" 


0 Average values of two different preparations, except for  cellulose acetate hutyrate where three preparations were used. b Radius was calculated with the assumptions 
that the resin head was wet and the density of the head and the coating materials in the huffer solution was.1. The valuen of H were ohtained from the initial slopes of 
the At-t plots using observed data of values 2 hr and less and fractional attainment of equilihrium 0.9 or less; see text for discussion. L) is the diffusion coefficient. Simple 
coats are 11-Vll; complex or mixed coats are VIII-XV. 


1. The method of Miller et ol. (24) utilizes the phase separation coa- 
cervation of a binary system of ethylcellulose and cyclohexane. A t  high 
temperature, a single homogeneous phase exists; upon cooling, phase 
separation occurs. The polymer a t  the appropriate concentration, tem- 
perature, and agitation conditions coalesces around the dispersed core 
particles. Ethylcellulose standard4, 20 or 100 cps, 0.4 g, with an ethoxyl 
content of 48-49.5% was dispersed in 25 ml of cyclohexane and heated 
under reflux at about 80' until the ethylcellulose dissolved. Then 2 g of 
resin beads was added, and the mixture was refluxed for 2 hr. Throughout 
the whole procedure, the mixture was stirred with a magnetic stirring bar. 
The mixture was allowed to cool slowly to room temperature, and the 
encapsulated beads were separated from the solvent by filtration, air 
dried, and sieved. 


2. A similar procedure was used when ethylcellulose medium6, 50 or 
100 cps, with an ethoxyl content of 45-46.5% was employed as the poly- 
mer; however, 5 ml of 95% ethanol was added to improve the solubility 
characteristics of the solvent. 


3. The temperature change technique was modified to alter the film 
characteristics by using a low molecular weight polyethylene, which was 
reported to be a phase separation-inducing material (25,26). Ethylcel- 
lulose standard4, 20 or 100 cps, 0.4 g, and polyethylene6, 0.4 g, were dis- 
persed in 25 ml of cyclohexane at  room temperature and solubilized by 
raising the temperature to 80". The procedure was continued as described 
for Method 1. 


4. Method 3 may be modified since the hydrophobic walls can be made 
more impervious by treating the ethylcellulose capsules with a solution 
of wax in a solvent capable of swelling, but not dissolving, the capsule wall 
so that the wax solution penetrates the swollen capsule wall. The capsules 
are then separated from the solvent and dried so that the wax is en- 
trapped in the polymeric capsule wall (25). The microencapsulated resin 
beads prepared by Method 3 were dispersed in a 20% solution of hard 
paraffin in cyclohexane, agitated a t  room temperature for 30 min, sepa- 
rated from the wax-containing solvent system by suction filtration, and 
air dried. The dry beads were sieved through a convenient mesh size 
screen to get rid of dust and broken particles. 


5. Ethylcellulose is compatible with many common plasticizers. The 
plasticizer, when added to the polymer, is capable of forcing the polymer 
chains apart, thus producing a softening effect. Castor oil and butyl 
stearate, which produce a considerable softening effect, were employed 
(27). The ethylcellulose standard4, 20 or 100 cps, 0.4 g, was dispersed in 
25 ml of cyclohexane, and the mixture was refluxed until the polymer 
dissolved. Then 0.2 g of butyl stearate or 0.2 g of castor oil and 2 g of dry 
resin were added, and the mixture was refluxed for 2 hr. The mixture was 
stirred constantly with a magnetic stirring bar during the heating process 
and for I additional hr during cooling. The separation of the beads from 
the solvent was the same as described for Method 1. 


Nonsoluent Addition-This technique is used to induce phase sepa- 
ration by the addition of a liquid that is a nonsolvent for the polymer (28). 


Ethocel Standard 20 or Ethocel Standard 100, Dow Chemical Co., Midland, 


Ethocel Medium 50 or Ethocel Medium 100, Dow Chemical Co., Midland, 


Molecular weight 5000, Allied Chemicals, Toronto, Canada. 


Mich. 


Mich. 


Cellulose acetate butyrate7,0.5 g, was dissolved in 20 ml of methyl ethyl 
ketone by heating. The dry resin beads (2 g) were then added and dis- 
persed in the solution. The mixture was heated to 55O, and 30 ml of iso- 
propyl ether was added dropwise. The system was allowed to cool slowly 
to room temperature, and the encapsulated beads were separated by 
centrifugation, washed with isopropyl ether, and dried in a vacuum. 


All microencapsulated beads were stored in a desiccator. 
Kinetic Studies-The in uitro evaluation of the release rate from the 


microencapsulated resin beads was carried out by the following proce- 
dure. The release pattern of the microencapsulated resin samples was 
determined by using a centrifugal hasket stirrer similar to that used for 
ion-exchange rate measurements (29). The top and bottom of the cylin- 
drical basket, 1 cm in diameter and 1.5 cm high, were made from 80 wire 
mesh screen. The basket was enclosed in a cylindrical aluminum body 
with an opening a t  the bottom and a series of horizontal holes above the 
basket. Upon rotation, the water flowed through the bottom of the basket 
out of the top and then through the holes in the aluminum body as a result 
of centrifugal force. 


About 0.1 g of the microencapsulated resin was weighed accurately and 
placed into the basket. The basket, in the aluminum body attached to 
an electric stirrer, was then introduced into a two-neck, round-bottom, 
500-ml flask containing 200 ml of a pH 9.2 huffer (containing 12.095 g 
of dibasic potassium phosphate in 1 liter of solution) previously equili- 
brated and maintained a t  30' with a constant-temperature water bath. 
The basket was rotated a t  1400 rpm. Samples (5 ml) were removed a t  
suitable times and diluted to 50 or 100 ml with the phosphate buffer. 


The amount of benzoate released from the resin was determined 
spectrophotometrically a t  224.5 nm from a standard calibration curve 
for sodium benzoate in the phosphate buffer. The amount released was 
expressed in terms of sodium benzoate per gram of dry uncoated resin. 
Each kinetic run, up to 168 hr, was carried out in triplicate. The ab- 
sorbances of the coating materials a t  the dilutions used for analysis were 
negligible. 


The amount of material covering the resin beads was determined by 
dissolving the encapsulating material from a known weight of the en- 
capsulated beads; ethylcellulose and films containing castor oil and butyl 
stearate dissolved with 95% ethanol; films containing polyethylene, 
paraffin, and cellulose acetate butyrate dissolved with chloroform; and 
gelatin-acacia film dissolved with 0.1 N NaOH in water and 95% ethanol. 
The decapsulated resin was then dried and weighed. 


RESULTS AND DISCUSSION 


Microscopic examination, a loss of weight upon extraction, and slower 
rates of release of benzoate ion from the beads indicated that microen- 
capsulation does, in fact, occur and can be accomplished by several 
methods. Microscopic observation showed that the beads were covered 
uniformly with the encapsulating material in all cases. Thus, microen- 
capsulation tends to give a more uniform and more consistent coat than 
other procedures (20). 


The ratio of encapsulating material to resin complex was reasonably 


~~~ ~ 


7 Cellulose acetate butyrate, Eastman Kodak Co., Rochester. N.Y. 
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Table 11-Elution Data 


Amount of Benzoate (Milligrams) Releaseda per Cram of Resin Complexb as a Function of TimeL 
Encapsulatingd Minutes Hours 


Material 5 10 15 20 25 30 1 2 24 48 72 96 168 


I 236 291 320 336 345 352 370 375 379 381 - p  - - 


I1 130 202 243 273 293 307 348 368 375 377 380 - - .. 
111 134 206 245 274 293 303 342 359 , 370 374 - - - 
IV 46 82 114 139 150 168 234 291 369 - - - - 
V 32 60 82 100 114 129 192 255 369 370 - - 37 1 


v 1  134 190 220 237 249 257 273 280 286 291 
VII 46 76 97 112 127 135 179 236 314 315 320 327 348 


- 384 VIII 61 104 134 158 176 194 271 327 383 - - 
IX 149 218 261 288 310 325 367 390 398 406 - - - 


- 349 X 80 131 164 190 207 222 268 299 347 - - 


XI 69 102 135 246 271 368 - 369 
XI1 82 138 177 207 232 250 313 359 388 - - - - 


XI11 85 144 183 217 242 260 330 373 405 - - - - 
XIV 3 13 20 28 34 40 67 113 239 274 308 318 329 xv 3 9 15 65 76 152 167 182 


Expressed as sodium benzoate. * Expressed in terms of resin complex. exclusive of encapsulating material. These are average values of triplicate determinations 
on a single preparation. d See Table I f o r  key. p Dashes indicate no further appreciable change. 


consistent since the values for individual preparations were within 10Y0 
of the average value (Table I), except with cellulose acetate butyrate and 
ethylcellulose standard 100 when combined with castor oil or butyl 
stearate where individual values were within 20% of the average value. 
In general, many ratios were close to a value of 0.12 for the simple en- 
capsulating agents except gelatin, which had a value of 0.39. The addition 
of butyl stearate, castor oil, and the polyethylene-paraffin combination 
increased the ratio considerahly in conjunction with either cellulose 
material. 


The amount of benzoate, expressed as the sodium salt in milligrams 
released per gram of resin complex as a function of time, is given in Table 
11. Samples of the buffer solution were analyzed for benzoate until there 
was no appreciable change or periodically up to 168 hr; these values were 
taken to be the equilibrium values. A comparison of the amounts released 
over this period of 168 hr is useful in terms of the potential use of the 
encapsulated resin complex as implants or in certain pharmaceutical 
suspensions. 


Table I1 indicates that, even after 168 hr of elution, a considerable 
amount of the anion was contained within the resin when it was coated 
with ethylcellulose standard 100 in Combination with polyethylene or 
both polyethylene and paraffin. The ahsorbancies of the eluant from the 
gelatin-acacia-covered resin complex began to decrease after 48 hr, 
suggesting that some other process such as decomposition or binding was 
occurring. 


The release from the uncoated resin complex was almost complete a t  
1 hr and had reached an equilibrium within 24 hr; these results are similar 
to reported findings (20). All coatings decreased the rate of release of the 
anion from the resin complex. A comparison of the amounts released at 
the end of the 24-hr period is useful in terms of the potential use of the 
resin complex as an oral prolonged-release agent where the prolongation 
of action of the resin itself is further enhanced by the encapsulating 
material. At the end of 24 hr, two simple coats, cellulose acetate butyrate 
and gelatin-acacia, and four mixed coats, ethylcellulose standard 20 or 
100 in combination with polyethylene or polyethylene and paraffin, 
prevented the full release of the anion from the resin complex. All eth- 
ylcelluloses and the ethylcelluloses in combination with the plasticizers 
butyl stearate and castor oil released the anion within 24 hr. The plasti- 
cizers tended to decrease the initial rate of release and yet permit full 
release within the 24-hr period. 


A comparison of the effect of the encapsulating material on the release 
of the benzoate during the elution procedure in terms of equilibrium 
values can be made from the values of the fractional attainment of 
equilibrium, U ,  calculated from: 


where R is the amount of benzoate released a t  time t and R ,  is the 
amount released a t  equilibrium as already defined. Representative data 
(Figs. 1 and 2) clearly indicate the delaying action of the encapsulating 
materials on the resin complex over a period of time. Ion exchange took 
place almost immediately, in most cases due to the thin film and the 
uptake of moisture by the encapsulating materials. 


A comparison of the fractional attainment of equilibrium (Fig. 1) of 
the simple coating material a t  1 hr showed that the order of increasing 


prolongation was as follows: no coat, gelatin-acacia, ethylcellulose 
standard 20 - ethylcellulose standard 100, ethylcellulose medium 50, 
ethylcellulose medium 100, and cellulose acetate butyrate. All of these 
coatings had approximately the same ratio of encapsulating material to 
resin complex except gelatin-acacia; consequently, the properties of the 
films themselves were primarily responsible for the observed effects 
rather than the thickness of the coat. 


The viscosity numbers (in organic solvents), which are the suffixes of 
the ethylcellulose compounds listed, are roughly indicative of the size 
of the ethylcellulose molecule and, within limits, the toughness of the 
deposited film. In addition, ethylcellulose medium a t  equivalent mo- 
lecular weights is reported to be tougher than the standard and have a 
slightly higher specific gravity (27). The experimental results are in 
agreement with the concept that  tough dense films of large molecular 
weight compounds delay the release of the anions. For a series of cellulose 
ester films, water permeability decreased with an increase in the chain 
length of the nonpolar acid moiety (30). The decrease in the diffusion of 
ions with an increase of the density of the film also was reported previ- 
ously (31). The cellulose acetate butyrate film released the anion at a 
lower rate compared to the cellulose standard, which had a lower specific 
gravity (32). Thus, the decrease in the exchange rate of phosphate and 
benzoate ions across the film probably was due to the increase in the 
molecular weight, the more nonpolar character, and the higher specific 
gravity of the film, and these properties are related to the decreased water 
permeability. Gelatin-acacia, the thickest coat, provided the fastest initial 
rate of release. This effect can be partially explained by the polar char- 
acter of the film and its ability to swell in water (33). 
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Figure 1-Typical curues illustrating the effect of simple encapsulating 
agents on the fractional attainment of equilibrium. Each point is the 
auerage of three kinetic experiments at  the time indicated. Some curues 
were omitted for clarity. Key: see Table I. 
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Figure 2-Typical curues illustrating the effect ~f  complex encapsu- 
lating agents on the fractional attainment of equilibrium. Each point 
i s  thc auerage ofthree kinetic experiments at the time indicated. Some 
curues u w r  omitted for clarity. Key: see Table 1. 


Figure 2 provides information on the fractional attainment of equi- 
lihrium for complex coats. Water probably would be required to permit 
the transport of ions across the film. Thus, the addition of nonpolar 
compounds to the ethylcellulose film would decrease the water uptake 
or water transmission and, hence, lower the rate of anion exchange. 
Lipophilic films have been found to be less permeable to moisture than 
hydrophilic systems (19). Other studies indicated that the release rate 
of water-soluble compounds like neomycin sulfate can be enhanced by 
increasing the polarity of additives in the films or the celluloses com- 
prising the film (34,35). 


In the present experiments, the additives with the greatest lipophilic 
character, polyethylene and paraffin, produced the greatest resistance 
to inn transfer as compared to the not quite so lipophilic compounds 
castor oil and butyl stearate (Fig. 2). Thus, the release characteristics and 
water transmission properties of the films depend on the lipophilic and 
hydrophilic characteristics of the film as influenced by the additives and 
matrix. In nearly all cases, ethylcellulose standard 100, a tougher film in 
combination with additives (except butyl stearate), was more effective 
than ethylcellulose standard 20 in delaying the release of the anion from 
the resin. 


The theoretical treatment of the rate of ion exchange was described 
(36) and reviewed in detail (97), and the rate equations suitable for sus- 
tained release from ion-exchange resins were developed previously (38). 
The mathematical equation deals with ion exchange within resin heads 
of spherical shape and uniform diameter in a solution of infinite volume. 
Some of the experimental conditions did not meet these criteria; for ex- 
ample, the concentration of benzoate ion increased appreciably during 
the kinetic study, negating the requirement of infinite solution volume. 
The beads can he regarded as spherical, and diffusion of the benzoate ion 
probably could take place through all of the encapsulating materials since 
they or similar films are permeable to water and can absorb water to some 
extent (27, 32, 39, 40). I t  is of value to treat the rate of release in this 
theoretical manner to assist in the interpretation of the effect of the 
various films. 


The method of calculation was described fully (37,38). The values of 
the fractional attainment of equilibrium are related to the rate constant 
R by a summation equation. The rate constant B is defined as: 


(Eq. 2) 


where D is the diffusion coefficient and r is the mean particle radius of 
the resin heads. To calculate the rate constant, values of Rt corresponding 
to values of fractional attainment of equilibrium (41) are plotted against 
t ;  the slope of the line yields the rate constant R. These data are plotted 
in Figs. 3 and 4. I f  the line is straight. it can he assumed that ionic diffu- 
sion within the resin bead is the rate-controlling step in the diffusion 
process (41). The rate of release from the uncoated resin beads and most 
coated beads yields a Rt-t relationship close to linearity over a major 
portion of the graph (Figs. 3 and 4), suggesting that the diffusion of ions 
is controlled by a particle diffusion process. Thus, the encapsulating 
material, while decreasing the rate of release considerably in a number 
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Figure 3-Typical Bt-t plots showing the effect  of simple encapsu- 
lating agents on the elution of benzoate ion from resin beads. Key:  see 
Table I .  


of cases (Figs. 3 and 4), still permits the rate to follow the particle diffu- 
sion process of ion exchange. 


The Rt-t plots over the complete timespan show deviation from lin- 
earity. Materials that rapidly release the anion show a decrease from 
linearity when the fractional attainment approaches 0.9, possibly as a 
result of not satisfying the infinite solution volume conditions. Plots of 
release of encapsulated resins possessing very slow rates of release also 
show deviations, probably due to a mechanical breakdown of the film as 
a result of wear or rupture in the rotating basket, thus causing a consid- 
erably greater rate of release as the system approaches equilibrium. Two 
clear examples are the Rt-t plots for ethylcellulose standard 20 and 100 
polyethylene paraffin films, which show a very definite jump over the 
48-72-hr period. 


For discussion purposes, the resin bead and the encapsulating material 
can be treated as a homogeneous ion-exchange system in view of the 
linearity of the Rt-t plots and the relatively small increase in the particle 
diameter caused by the encapsulating material (Table I). The slopes of 
the Bt-t plots (Figs. 3 and 4 and Table I) were determined from the initial 
release, using the observed data of 2 hr and less and values of fractional 
attainment less than 0.9, corresponding to a Bt value of 1.8. T o  compare 
the effectiveness of the various coatings on the particle diffusion, values 
of R were determined from the slope of the Rt-t plots and the diffusion 
coefficients were determined from Eq. 2 using the radius of the encap- 
sulated beads listed in Table I. 


Dissolution and ion exchange, as shown from the Bt-t plots, are im- 
portant factors governing the rate of drug release. In addition, release 
of drugs from polymers soluble in the digestive system can be influenced 
by the permeability of the film and the rate of dissolution of the polymer. 
Permeability would be a major factor governing the rate of release 
through a polymer such as ethylcellulose, which is insoluble in water (42). 
Recent papers (42, 43) indicated that two major mechanisms may be 
responsible for the diffusion of drugs through films of ethylcellulose, 
namely, a solubility diffusion process and a transfer through a capillary 
network. In the present research, both the benzoate and phosphate 
probably would be transported through the ethylcellulose when the film 
contains water, thus permitting a greater solubility of the ions. 


Previous papers suggest that water vapor transmission and drug release 
are reduced when the interstices of the film are filled with nonpolar 
plasticizers such as hexadecyl alcohol, a t  least over a certain range of 
concentration of the additive. Somewhat more polar additives like tri- 
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Figure 4-Typical Bt-t plots showing the effect of complex encapsu- 
lating agents on the elution of benzoate ion from resin beads. Key: see 
Table I .  


butyl citrate tend to increase the rate (3439).  A lipophilic film of n-hutyl 
methacrylate was less permeable to moisture than hydrophilic films like 
hydroxypropylcellulose (19). Large organic ions were released more 
quickly when the more polar hydroxypropylcellulose content of the cel- 
lulose films was increased (44). The permeability of cellulose ester films 
decreased with the increasing chain length of the acid moiety used, and 
the plasticizer enhanced or retarded moisture permeation (32). 


A review of the rate constants, R, or  diffusion coefficients, D, in Table 
I supports the suggestion that lipophilic films or the incorporation of 
lipophilic additives prolongs the release of the anion. The tougher eth- 
ylcellulose medium and the nonpolar cellulose acetate butyrate prolonged 
the release more than the ethylcellulose standard and the polar gelatin 
films. When additives or plasticizers were added to the ethylcellulose 
standard 20 and 100 films, the release was further prolonged by the 
nonpolar compounds. The addition of castor oil to ethylcellulose 20 did 
not produce appreciable differences but caused almost a 50% decrease 
in the diffusion coefficient of ethylcellulose standard 100, and butyl 
stearate provided a generally greater decrease. Polyethylene, especially 
in conjunction with ethylcellulose standard 100, produced a further re- 
duction; when it was used along with the additive paraffin, the maximum 
prolongation of release was achieved. 
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Table IV-Analysis of Methocarbamol-Aspirin and 
Chlorzoxazone-Acetaminophen in Known Mixtures 


Amount Amount 
Added, Founda, Accuracy, 


Mixture Components mg mg % 


A Methocarbamol 8.0O6 8.19 f 0.12c 2.38 
Aspirin 6.50 6.67 f 0.13 2.62 


B Acetaminophen 3.00d 3.08 f 0.Oac 2.67 
Chlorzoxazone 2.51 2.59 f 0.05 3.19 


0 Based on four replicate determinations o f  the known mixture. Total mg/25 
ml of solution. Confidence limits a t  p = 0.05. d Total mg/5 ml of solution. 


data contained in Tahle 19. Simulated dosage form mixtures containing 
methocarbamol-aspirin** and chlorzoxazone-acetaminophen’’ were 
selected for quantitation to exemplify this situation with Solvents I and 
B, respectively. Both solvent systems allowed good overall resolution with 
reasonable retention times. 


Typical chromatograms of the drug mixtures are shown in Figs. 2 and 
4. Various concentrations of stock solutions of each drug dissolved in the 
appropriate mobile phase (see Experimental) were chromatographed 
using the octadecylsilane column. Phenacetin was added to each solution 
as the internal standard. The area under the curve for each peak on the 
chromatograms was determined with an electronic integrator. The ratio 
of each drug peak area to the area of the internal standard was calculated 
for each chromatogram. Regression analysis of these data a t  the various 
concentrations of each drug gave the slope, intercept, and correlation 
coefficient for each calibration curve (Tables I1 and 111). 


Solutions containing known quantities of methocarbamol-aspirin 
and/or chlorzoxazone-acetaminophen in ratios equivalent to those found 
in the commercial dosage forms were chromatographed, and the ratios 


I t  is possible to calculate the approximate resolution, R,, of two components 
by the equation R,  = 2 ( t 2  - f I)/(wI + w 2 ) ,  where t 1 and t 2  are retention times and 
i r 1  and u’2 are hase peak widths of Compounds 1 and 2 ,  respectively. In past expe- 
rience, two components with an R. value >1.50 showed satisfactory resolution for 
quantification by this analytical technique if the peak areas were approximately 
eaual. A significant difference in oeak areas for two cnmDonenta mav reauire an . .  
R, value op2 or greater. 


lo Rohaxisal. A. H. Robins, Richmond, Va. 
’ I  Parafon-Forte, McNeil Laboratories, Fort Washington, Pa. 


of drug peak areas to internal standard peak areas (DIIS) were calculated 
for each drug. The slope and intercept data from the regression analysis 
for each drug (Tables I1 and 111) were used to solve for drug concentration 
(DIIS = (slope X concentration) + intercept]’* in these simulated dosage 
form mixtures. 


The data in Table IV demonstrate the quantitative results obtained 
for the mixtures. The utility of HPLC in the analysis of methocarba- 
mol-aspirin and chlorzoxazone-acetaminophen mixtures is clearly 
demonstrated with accuracy in the 2-396 range. 
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Abstract D Acronine was heated with tetraphosphorus decasulfide in 
benzene to give a mixture of products, the major component (A) being 
identified tentatively as an unstahle product derived from four molecules 
of noracronine with one molecule of tetraphosphorus decasulfide. 
Treatment of Compound A with various solvents and heat converted it 
into a maroon solid (R),  which was shown to be 7-thionoracronine. 


Keyphrases 7-l’hionoracronine-synthesized from acronine and 
tetraphosphorus decasulfide 0 Noracronine thio analog-7-thionor- 
acronine synthesized from acronine and tetraphosphorus decasulfide 
Prodrugs, potential- 7-thionoracronine synthesized from acronine and 
tetraphosphorus decasulfide 


The alkaloid acroninel (I) has a wide spectrum of anti- 
cancer activity (1) but the disadvantage of low aqueous 


I Previously referred to as acronycine (NSC 403169). 


solubility. Various attempts have been made (2) to improve 
the formulation of I, including the preparation of molec- 
ular complexes of the alkaloid with povidone and gentisic 
acid. A prodrug (11) that regenerates acronine quantita- 
tively and shows improved water solubility was prepared 
but suffers from the disadvantage of being hydrolyzed too 
rapidly under physiological conditions (3). Reaction of I1 
with aniline gave a rapid quantitative yield of ani12, and 
the hydrolysis rates were similar for a series of analogs of 
11 in which the acetyl group was replaced by other acyl 
functions (2). 


Recent studies revealed that hydrolysis in water of I1 


B. Kreilgard, Royal Danish School of Pharmacy, Copenhagen. Denmark, un- 
published data. 
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proceeded by aryl-oxygen cleavage to the extent of about 
30% (4). It was considered that molecular modification of 
I1 to give the thioesters (111) would enhance the propensity 
for acyl-sulfur fission since the carbon-sulfur bond would 
be less susceptible to rupture than the carbon-oxygen 
bond of 11. If this theory is validated in practice, variation 
in the nature of the thioester function would permit con- 
trolled alteration in the hydrolysis rate of I11 to thioacro- 
nine, which could undergo biotransformation to acronine. 
Such replacement of sulfur by oxygen in drug molecules 
is well established ( 5 , 6 ) .  


DISCUSSION 


A synthetic route to produce 111 (R = CH3) involved the conversion of 
acronine to 7-thioacronine (IV), followed by treatment with perchloric 
acid and acylation with acetic anhydride. Various synthetic procedures 
are available for converting 0x0 derivatives to the corresponding thio 
analogs, including the use of tetraphosphorus decasulfide (P&o) In 
several organic solvents (7,8). Reaction of acronine with tetraphosphorus 
decasulfide gave a maroon solid; TLC showed that the principal com- 
ponent (A) was present to an extent of 64%. Preparative TLC led to the 
isolation of small quantities of Compound A, which was unstable to both 
heat and solvents, invariably breaking down to Compound B, which ap- 
peared to be stable. Mass spectrometry of both A and B showed molecular 
ions a t  323 mass units. 


The structure of the stable compound (B), which was formed by 
heating the crude reaction product between acronine and tetraphos- 
phorus decasulfide in methanol, was investigated since knowledge of its 
structure might elucidate the nature of Compound A. Elemental analysis 
of B revealed the presence of carbon, hydrogen, nitrogen, oxygen, and 
sulfur. Since the molecular weight of 323 was found by mass spectrometry, 
an elemental formula for B of ClgH17N02S was suggested; i.e., in com- 
parison to acronine ( C ~ O H ~ ~ N O ~ ) ,  a methylene group appears to have 
been lost and one of the oxygen atoms replaced by sulfur. 


Two possibilities for the structure of B would be replacement of the 
6-methoxy group by sulfur to give V and, alternatively, replacement of 
the 7-0x0 function by sulfur during or subsequent to 0-demethylation 
to give VI. It is well established that acronine undergoes O-demethylation 
in the presence of heat and acid (9,lO). and Compound B gave a black 
color with alcoholic ferric chloride solution. 


Electronic absorption spectroscopy was considered a useful tool to 
differentiate between V and VI since thioketones absorb at much longer 
wavelengths than the analogous ketones (1 1) and, with thiophenols and 
phenols, the long wavelength absorptions differ by less than 15 nm (12). 
The model Compounds VII and VIII were prepared, and the long wave- 
length absorptions of the thio VIII were greater than VII by 91 nm (Table 
I). Thus, if Compound B had Structure V, it would be expected to absorb 


Table I-Long Wavelength Electronic Absorptions of VII, VIII, 
I, IX, and B 


Comoound A,.,, nm (t) 


VII 400 (8555) 
VIII 491 (32,750) 


I 390 (6820) 
IX 410 (5030) 
B 490 (5610) 


x YH x 


oy$/ CH, 


N V : X = O , Y = S  VII: x = 0 
VI: x = s, Y = 0 VIII: x = s 


at similar wavelengths to 6-noracronine (IX), whose preparation was 
described previously (9, 10); VI would be predicted to exhibit an  ab- 
sorption maximum a t  approximately 90 nm greater than that of nor- 
acronine. 


The visible spectrum of B showed a long wavelength absorption a t  80 
nm higher than noracronine and at virtually the same wavelength as 
10-methyl-9-thioacridone (VIII). The virtual insolubility of B in organic 
solvents and water prevented its examination by both PMR spectroscopy 
and pKa determinations and, although positions for IR C 4  absorptions 
were quoted (13,14), it also was concluded (15) that meaningful assign- 
ments cannot be made. Thus, on the basis of elemental analysis, electronic 
absorption spectroscopy, and mass spectrometry, it appears that B may 
be best represented as the thioketone VI. 


The question arises as to the nature of the unstable purple component 
(A) isolated in the initial reaction between acronine and tetraphosphorus 
decasulfide. Elemental analysis revealed the presence of carbon, hy- 
drogen, oxygen, nitrogen, sulfur, and phosphorus. While the instability 
of the molecule precludes a dogmatic assertion of its identity, a molecular 
formula of C ~ ~ H ~ S N ~ O ~ ~ P ~ S I O ,  corresponding to an organophosphorus 
complex of four molecules of noracronine with one molecule of tetra- 
phosphorus decasulfide, appears feasible. Such a complex could be 
formed after initial 0-demethylation of the 6-methoxy group of acronine 
to produce noracronine (IX), which could react with each sulfur atom 
of the P=S linkage of tetraphosphorus decasulfide, whose molecular 
architecture is clearly documented (16) (Scheme II3. 


Although such organophosphorus intermediates are unstable and 
rarely isolated, hydrogen bonding between the 6-hydroxy group of 
noracronine and the nearby sulfur atoms may stabilize the intermediate. 
Such a structure 88 A resembles trithianes, which are decomposed by heat 
to yield the monomeric thiones (17); hence, A could break down to B in 
the presence of heat or solvent. Finally, reaction of noracronine with 
tetraphosphorus decasulfide yielded the purple Compound A, which 
strengthens further the hypothesis that  a 6-hydroxy group is present in 
A. 


CY, 
PSI, 


\ \ VI 
A 


Scheme I 


Reaction of only one molecule of noracronine with tetra hos horns decasulfide 
is shown. It is postulated that one molecule of I X  reacts witgeacf of the four P=S 
bonds of tetraphosphorus decasulfide. 
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Other attempts were made to produce 7-thioacronine (IV) through 
reaction of 7-acetylacroninium perchlorate with sodium hydrogen sulfide 
and the thioacetate ion in aqueous solution. In these cases, it was antic- 
ipated that the sulfur nucleophile would displace the acetate group (4) 
of 11. Only B was obtained from these reactions, indicating the lability 
of the 6-methoxy group of the precursor ester. 


Alternative synthetic pathways to the desired thio analog of acronine 
apparently are required to avoid the demethylation of the 6-methoxy 
group of acronine and/or the acroninium esters. 


EXPERIMENTAL4 


Melting points are uncorrected. Solvents were dried initially over an- 
hydrous magnesium sulfate and then stored over drying granuleas. IR 
spectra6 were determined as potassium bromide disks, the instrument 
heing previously calibrated with polystyrene. NMR spectra7 were run 
in deuterochloroform or trifluoroacetic acid, and tetramethylsilane was 
used as the internal and external standard. Electronic absorption spectra8 
were determined by dissolving the compound in dimethylacetamide (1 
ml) and diluting the solution to 100 ml with methylene chloride; further 
dilutions with methylene chloride were undertaken when required. 


'FIX was conducted on silica gel plastic sheetsg, 0.25 mm thick; where 
appropriate, quantitative estimations'O of the chromatograms were made. 
Preparative TLC employed 2-mm silica gel plates". Acroninel? had A,,, 
390 nm (t 6820) and Rf  0.28 on silica gel with benzene-acetone (2:l) as 
the developing solvent. 


Reaction of Acronine with Tetraphosphorus Decasulfide-A 
mixture of acronine (0.5975 g, 0.001861 mole) and tetraphosphorus de- 
casulfide (0.6 g, 0.002703 mole) in dry benzene (18 ml) was heated under 
reflux with stirring for 2 hr. The mixture was decanted while hot, leaving 
a maroon solid. This material was removed from the reaction vessel, dried 
in a vacuum desiccator, and weighed (0.9363 g). TLC on silica gel plastic 
sheets using benzene-acetone (2: 1) revealed the presence of compounds 
at  Rf 0,0.026,0.073,0.28, and 0.59. When viewed under long wavelength 
UV light, an additional spot, R/ 0.36, became apparent. 


lJnder these conditions, acronine has an R/ value of 0.31 and fluoresces 
under long wavelength UV light; no acronine was detected in this ex- 
periment. Quantitation of the chromatogram indicated that the purple 
component (A), R f  0.28, was present to the extent of 64%. When the re- 
action was carried out in the presence of carbon dioxide, A represented 
44% o f  the mixture. 


A small quantity of the crude reaction mixture (0.15 g) was triturated 
rapidly with chloroform-methanol (91), placed on two preparative silica 
gel plates, and chromatographed with benzene-acetone (2:l). The purple 
layer was removed and extracted several times with methylene chloride, 
and the organic extract was dried (anhydrous sodium sulfate). Removal 
of the solvent in uacuo at room temperature yielded A as purple crystals 
(0.010 g), and TLC showed one component; mass spectrum: parent ion 
m/c: 323.09658 (calc. for ClgHI;N02S: 323.09790). 


And-Calc. for C ~ ~ H ~ X N ~ O ~ ~ P ~ S ~ ~ :  C, 54.23; H, 4.10; N,  3.35; P, 7.40; 
S, 19.16. Found: C, 57.73; H, 6.39; N, 2.46; P, 6.64; S, 17.72. 


The stability of Compound A was investigated. A small quantity of the 
crude reaction product was chromatographed on silica gel, and the purple 
layer containing A was removed. Approximately equal quantities of silica 
gel containing A were placed in stoppered containers and triturated with 
the following solvents: benzene, acetone, chloroform, methylene chloride, 
chloroform-methanol (9:l v/v), pyridine, and methanol. After 20 min, 
a small quantity of the slurry was placed on a silica gel plastic sheet and 
chromatographed with benzene-acetone (2:l). An orange spot, Rf 0.54, 
was found in the pyridine solution while the methanol extract showed 
the presence of the major component a t  the point of application. The 


4 Elemental analyses were carried nut by Mr. T. N. Nguyen, Department of 
Medicinal Chemistry, College of Pharmacy, University of Kansas, Lawrence, KS 
66044, Schwarzkopf Microanalytical Laboratories, Woodside, NY 11377, and Mr. 
R. G .  Teed, Department of Chemistry and Chemical Engineering, University of 
Saskatchewan, Saskatnon, Saskatchewan, Canada. Mass spectra were determined 
hy Mr. R. Drake, Department [if Chemistry, llniversity of Kansas, Lawrence, KS 
66044, tin a CH-5 instrument (Varian Associates, Chicago, It 60670). 


5 Linde molecular sieve, type 4A, Union Carbide Corp., Chicago, IL 60638. 


' T-60 spectrometer, Varian Associates, Chicago, IL 60670. * Cary I5 spectrophotometer, Varian Associates, Chicago, IL 60670. 
9 Polygram, Brinkmann Instruments, Westbury, NY 11590. 


Beckman AccuLah 4, Irvine, CA 92664. 


TLC densitnmeter (Kontes, Vineland, NJ 08360) attached to a potentiometric 
amplifier, dc nffset module, and strip-chart recorder (Heath Co.. Benton Harbor, 
MI 49022). 


11 Silica gel 60, F-254 TI,C plates, Rrinkmann Instruments, Des Plaines, IL 
600 16. 


'2 Obtained from the National Cancer Institute, Bethesda, MD 20014. 


remaining solutions showed the presence of only Compound A. 
After 3 days, chromatograms of each solution showed the presence of 


an orange spot, R/ 0.59; in solutions of benzene and pyridine, no other 
compounds were seen. In another experiment, small quantities of A were 
placed in each of six stoppered containers. Three vials were stored a t  room 
temperature, 4', and -17'; one was stored a t  room temperature under 
nitrogen; and another vial was stored a t  room temperature protected from 
light. In each case, TLC on the following day showed only A; a sixth 
sample, heated to 70' overnight, gave an orange spot, R/ 0.57, as the major 
component. 


Preparat ion of 7-Thionoracronine (V1)-The crude mixture 
(4.9946 g) obtained by reacting acronine with tetraphosphorus decasulfide 
was heated under reflux with methanol (50 ml) for 37 min, and the hot 
mixture was filtered. The maroon residue obtained (0.7948 g), mp 193', 
was recrystallized repeatedly from ethyl acetate to give VI (0.4046 g ), 
mp 223" dec., as maroon prisms. An alcoholic solution of the compound 
gave a black color with alcoholic ferric chloride solution. High-resolution 
mass spectrometry indicated a molecular ion of 323.09572 (calc. for 
C ~ ~ H I ~ N O ~ S :  323.09790); I R  2270 w, 1630 s, and 1595 s cm-l; UV (Amax): 
490 ( f  5610) and 410 (18,100) nm. 


Anal.-Calc. for ClgH17N02S: C, 70.57; H, 5.29; N, 4.33; 0,g.W; S, 9.90. 
Found C, 70.24; H, 5.32; N, 4.03; 0,lO.IO; S, 9.81. 


Preparation of Nnracronine -Acronine hydrochloride, prepared 
from 5.0 g of acronine, was heated a t  145-174' for 94 min (9,lO) to give 
a gold-yellow mass, mp 118.5-194' (4.23 g), shown by quantitative TLC 
to consist of noracronine (79%)) and acronine (21%). Four recrystalliza- 
tions from ethanol gave pure noracronine (1.42 g, 30%). mp 200' [lit. (10) 
mp 198-'200'], as pale-orange crystals; NMR (deuterochloroform): 6 1.54 


(s, lH ,  5-H), 6.57 ( d , J  = 5 Hz, IH,  l-H),7.12-8.50 (m,4H, H at  C-8, C-9, 
C-10, and C- l l ) ,  and 14.78 (s, lH ,  6-OH, exchanged with D20) ppm; UV 
(Amax): 410 ( f  5030) nm. 


Noracronine (0.15 g, 0.00049 mole) and tetraphosphorus decasulfide 
(0.15 g, 0.00068 mole) were heated together in dry benzene (55 ml) for 2 
hr, and the hot mother liquid was decanted. The residue (0.2110 g) was 
dried in a desiccator. TLC showed a purple spot, R/ 0.44, as the major 
component and minor products at Rf 0.65 and 0.097, as well as some 
material a t  the point of application. Compounds VI and VIII, when 
chromatographed simultaneously, had Rf values of 0.61 and 0.59, re- 
spectively. 


Preparat ion of 10-Methyl-S(1OH)-acridone (VI1)-Acridine 
(1.4677 g, 0.00820 mole) and dimethyl sulfate (4.00g. 0.0317 mole) were 
heated together in dry benzene (15 ml) for 70 min, and the deposited 
yellow crystals were removed by filtration to give 10-methylacridinium 
methylsulfate (2.1 g), mp 214-215' dec. The methylsulfate was oxidized 
with potassium ferricyanide in potassium hydroxide solution, using the 
reported method for the preparation of 1,3-dimethoxy-l0-methylacri- 
done from the corresponding methylsulfate (18), to give a light-brown 
crystalline mass, which was shaken with chloroform and water. The 
chloroform extract was separated, washed with water, and dried (anhy- 
drous magnesium sulfate). Evaporation of the solvent gave yellow crys- 
tals, which were recrystallized from methanol to yield VII (50%), mp 
202-202.5O [lit. (19) mp 202OI; UV (Amax): 400 ( c  11,750) and 380 (8555) 
nm. 


Preparat ion of lO-Methyl-9(1OH)-thioacridone (VII1)-10- 
Methyl-9-chloroacridinium dichlorophosphate, prepared from VII (1 1.00 
g) by a reported method (20), was added to astirred solution of sodium 
hydrogen sulfide dihydrate (4.27 g) in ethanol (1 19 ml). After stirring a t  
room temperature for 1 hr, the precipitate was collected by filtration, 
washed repeatedly with water to remove unreacted sodium hydrogen 
sulfide dihydrate, and dried to give deep-red needles (11.64 9). Eight 
recrystallizationb f'rom dry xylene gave VIII (2.68 g, 23%), mp 265.5-267' 
[lit. (21) mp 263'1; UV (Amax):  491 ( t  32,750) and 461 (17,960) nm. 


Reaction of Acetylacroninium Perchlorate  with Sodium Hy- 
drogen Sulfide and Thioacetic Acid-A solution of sodium hydrogen 
sulfide dihydrate (0.04 g, 0.00043 mole) in water (10 ml) was added to a 
stirring solution of acetylacroninium perchlorate (0.0261 g, 0.000056 mole) 
in water (100 ml). After the mixture had stirred a t  room temperature for 
1 hr, the precipitate was collected and dried a t  room temperature in a 
desiccator, TLC indicated the presence of four compounds with Rf values 
of 0.014,0.070, and 0.34 and an orange spot with a value of 0.65. Another 
spot, HI 0.52, was visible under short wavelength UV light. TLC of the 
acetylacroninium perchlorate sample indicated components with similar 
Rf  values and color corresponding to the spots with the three lowest Rf  
values of the compound isolated in the reaction. 


Increasing the molar ratio of sodium hydrogen sulfide dihydrate and 
acetylacroninium perchlorate to 1 1l:l gave a product with similar TLC 


[s, 6H, 3-(CH3)2], 3.89 IS, 3H, N(CH3)2], 5.51 (d, J = 5 Hz, lH,  2-H), 6.28 
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characteristics as in the previous experiment, although the intensity of 
the orange compound was increased. 


A solution of sodium hydrogen sulfide dihydrate (0.3146 g, 0.0034 mole) 
in propylene glycol (3.7 ml) and a solution of acetylacroninium perchlo- 
rate (0.0110 g, 0.000034 mole) in propylene glycol (4.7 ml) were stirred 
a t  room temperature for 1 hr. The resultant viscous, orange solution was 
poured into water (20 ml), and the yellow precipitate was collected and 
dried. TLC showed a yellow component (with similar Rf value and fluo- 
rescence properties as acronine) and an orange component, R/ 0.70, as 
the major product. 


In a further experiment, acetylacroninium perchlorate (0.0245 g, 
O.oooO528 mole) was added to a stirred solution of thioacetic acid (0.4296 
g, 0.00565 mole) and sodium hydroxide (0.20 g, 0.005 mole) in water (100 
ml). After stirring at room temperature for 1 hr, the precipitate was col- 
lected and dried. TLC showed a yellow spot, Rf 0.39, fluorescing under 
UV light and an orange component, Rf 0.68, in major amount. 
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Abstract 0 The structure-activity relationships of 45 halogenated hy- 
drocarbons using molecular connectivity were studied. A very good cor- 
relation was obtained between the anesthetic activity and the molecular 
connectivity term O x ”  in addition to the polar hydrogen factor, QH. The 
equation reported accounts for and quantifies the known structure- 
activity observations on general anesthetics. The results are discussed 
briefly with reference to the mechanisms of action of general anesthet- 
ics. 


To derive information about the mechanism of action 
of anesthetic gases, some investigators attempted to relate 
potency to physicochemical properties, including boiling 
points, solubilities, partition coefficients, molar volumes, 
molar refractions, and van der Waals equation constants. 
The finding of a significant correlation indicated that 
mechanisms of action parallel the physicochemical prop- 
erty. 


~ ~~~~ 


Keyphrases 0 Molecular connectivity indexes-related to anesthetic 
activity of various halogenated hydrocarbons Halogenated hydrocar- 
bons, various-molecular connectivity indexes related to anesthetic ac- 
tivity 0 Anesthetic activity-various halogenated hydrocarbons, related 
to molecular connectivity indexes 0 Structure-activity relationships- 
molecular connectivity indexes related to anesthetic activity of various 
halogenated hydrocarbons 0 Topological indexes-molecular connec- 
tivity, related to anesthetic activity of various halogenated hydrocar- 
bons 


These property studies (1) did not give any direct insight 
into the structural features influencing potency. The first 
real effort to gain such insight used a calculation of mo- 
lecular structure known as molecular connectivity (2). That 
study, on a diverse group of anesthetic gases, resulted in 
a good correlation between potency and a combination of 
a molecular connectivity index and an electronic charge 
description. The correlation ( r  = 0.982) was good enough 
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proteins. These results show that entrapment of drug could resemble a 
drug-protein interaction a t  a sufficiently low ratio of K1 to Kz. This re- 
sults from the decrease in drug available for diffusion from V2 to the 
external sink. At low values of the K1 to Kz ratio, as drug is removed from 
Vz,  i t  is not immediately replaced by drug from within the erythrocytes; 
the end result is the same as if the drug had actually been bound by the 
erythrocyte. 


Dynamic dialysis may be a useful method for the study of drug en- 
trapment since equilibrium methods cannot be used to determine 
transport rate constants of drug out of erythrocytes. However, it is im- 
portant not to confuse drug entrapment by erythrocytes with true 
drug-erythrocyte complexation. 
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Abstract 0 A commercial sample of dexamethasone sodium phosphate 
solution for injection was found to contain 56% of the label concentsation 
and to be extensively contaminated (-50%) with a white insoluble solid, 
which was identified as a mixture of the 16a- and 16P-methyl epimers 
of 9-fluoro-11~-hydroxy-16-methylandrosta-l,4-diene-3,17-dione. 
High-performance liquid chromatography (HPLC) was used to separate, 
identify, and quantitate these epimers and to determine their presence 
in commercial samples. One epimer was identified by HPLC comparison 
with a synthesized specimen of 9-fluoro-ll~-hydroxy-l6a-methylan- 
drosta-1,4-diene-3,17-dione. The second peak was identified as the 
16fi-epimer by epimerization of the synthesized tr-component with alkali 
to obtain a product whose chromatogram matched that of the impurity. 
These conclusions are supported by data obtained by IR and UV spec- 
trophotometry, TLC, and the blue tetrazolium test. 


Keyphrases 0 Dexamethasone sodium phosphate-analysis, high- 
performance liquid chromatography, identification of impurities in a 
commercial sample, epimerization o High-performance liquid chro- 
matography-analysis of dexamethasone sodium phosphate and im- 
purities in a commercial sample Epimerization-dexamethasone so- 
dium phosphate in a commercial solution 


Drug samples contain various impurities: drug inter- 
mediates, by-products, and degradation products intro- 
duced during manufacture, packaging, or storage, as well 
as products of the interaction of such substances with ex- 
cipients in the sample or with the drug itself. These im- 
purities constitute physiological and mechanical hazards. 


For example, during degradation, the structure of the 
compound may retain active or modified active centers 
that, through structural relationship to the intact drug, 
may bestow undesirable physiological activity or toxic 
properties on the decomposition product. An example of 
a physical or mechanical hazard is the presence or forma- 
tion of insoluble substances during intravenous injec- 
tion. 


CH,O P( ONa ). 
I co 
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A sample of dexamethasone sodium phosphate [9-flu- 
oro-ll@,l7,21-trihydroxy -16cu- methylpregna -1,4- diene- 
3,20-dione 81-(dihydrogen phosphate) disodium] (I) so- 
lution for injection was found to contain a suspended white 
solid. After examination by high-performance liquid 
chromatography (HPLC), TLC, UV and IR spectropho- 
tometry, thermal microscopy, and reaction with blue tet- 
razolium, the solid was identified as a mixture of the 16a- 
and 16D-methyl epimers of 9-fluoro-1 lfi-hydroxy-16- 
methylandrosta- 1,4-diene-3,17-dione (11). 


EXPERIMENTAL 
Materials-Dexamethasone and dexamethasone sodium phosphate 


NF reference standards were used. Reagent grade chloroform, methylene 
chloride, methanol, acetone, hexane, squalane, sodium bicarbonate, so- 
dium sulfite, tetrahutylammonium hydroxide, anhydrous magnesium 
sulfate, acetic acid, and concentrated hydrochloric acid were used as re- 
ceived. 


Dexamethasone acetate' was checked by melting point and comparison 
of its IR spectrum with a published spectrum (1). Sodium bismuthate 
analytical reagent' (assay for NaBiOs, 80.0-85.oq6) was used as obtained. 
A reagent grade solution of sodium hydroxide? (50% by weight) was used 
for the epimerization work. 


Instruments-A grating IR spectrophotometer4 (mineral oil mulls 
on sodium chloride plates), a "/near-IR spectr~photometer~ (UV 
spectra obtained from solutions in methanol), and a high-performance 
liquid chromatograph6 were used. All melting points were taken by 
thermal microscopy with a microscope7 and a Kofler melting-point 
stage. 


HPLC-Instrument parameters included a microparticulate, re- 
versed-phase column8, 3.9 mm x 30 cm; a 50% methanol-water mobile 
phase; and a tlow rate 012.0 ml/min. Retention times, in terms of the 
distance from injection to peak appearance on the chart paper in con- 
comitant runs, were converted to capacity factors (2). 


Sublimation-Sublimation was effected by placing crude material 
in a 0.5-ml sublimation beaker, covered with a watch glass, directly on 
a hot stage maintained within 230-240'. 


TLC-A limited study was made with TLC strips or plates, 6-7 cm 
long, by upward development in an equilihrated chamber. Chromato- 
graphic sheetsg, high-performance platesI0, and reversed-phase platesI0 
were used. All thin-layer materials contained a fluorescent indicator. 
Spots were visually located by placing the plates or strips under shortwave 
U V  light. 


Preparation of 9-Fluoro-1 l@-hydroxy-16a-methylandrosta- 
1,4-diene-3.17-dione (1Ie)-Following the procedure of Rausser and 
Oliveto (31,240 mg of'dexantethasone was oxidized by sodium bismuth- 
ate; 140 mg 0 1  product should have been obtained (3) .  However, yields 
of only 22--30 mg were consistently obtained. The reduced yield was at-  
trihuted to the insolubility of the product in the highly dilute acetic acid 
solution and could be improved by modifications described under Results 
clnd Dircu,ss~on. 


The synthetic 17-ketone (Ha) was dissolved in methanol and examined 
by HP1,C. A capacity factor (2)  of 8.01 was observed, and the areas of 
extraneous peaks in the chromatogram were estimated as being less than 
1% o f  the area of the major component. 


Epimerization of I Ia  to 16-Methyl Epimeric Mixture (11) Fa- 
voring @-Isomer-To 15 mg o f  the 17-ketone (Ila) was added 1 ml of 
anhydrous methanol and 0.5 ml of 50% aqueous sodium hydroxide, re- 
sulting in a pale-orange solution. The mixture was stirred a t  room tem- 
perature f o r  l i)  min, followed hy addition of 6 ml of distilled water, which 
caused precipitation of'a white solid. The solid (10 mg) was collected, 
washed three times with distilled water, and allowed to dry overnight. 


The solid was subjected to thermal microscopy (2"/min), which gave 
sintering at 1;16', initial needle tormation at  222" with the entire mass 


I Scheriny ( ' i i rp . .  1';rnilworth. NJ 07033. 
Ilinckrorlt ('hrmicol Works. St. Louis, MO 63160. 


y Iur ('lieniiciil Co.. SI. 1,ouis. MO 63144. 
ode1 337. I'erkin-Elmer Cory., Norwalk. CT 06856. 


* pRmdapak CLx. Waters Assixiates, Miiford. MA 017.57. 
9 ('hrumagra~ii, si l~cn gel tiOtjO and alumina 6063. Eastman Organic Chemicals 


I ( '  4HI 'F  atid HPF Nonoigrain. Quaiituni Industries, Fairfield. Nd 07006. 
Divisim,  Rastmnn liodak ('c)., Rwhester. N Y  14ti50. 


laced with needles a t  239O, and melting a t  230-254O to an orange liquid. 
The material was dissolved in methanol and examined by HPLC. Ca- 
pacity factors (2) of 7.96 and 8.97, which correspond to a relative retention 
n (2) of 1.13, were observed. The areas of extraneous peaks in the chro- 
matogram were estimated as being less than 1% of those of the major 
components. 


Description and Preparat ion of Sample-The vials contained a 
white precipitate in a pale-yellow solution of pH 7.2-7.3. The contents 
of each drug vial, 5 ml. labeled to indicate 4 mg of dexamethasone phos- 
phate (equivalent to 4.4 mg of dexamethasone sodium phosphate)/mI, 
were extracted three times with a total of 20 ml of chloroform. The sep- 
arated chloroform layers were combined and then washed with 10 ml of 
deionized water containing 1 drop of 50% NaOH, followed by a wash with 
15 ml of deionized water. The chloroform was removed by evaporation 
under a nitrogen flush while the mixture was warmed gently on a steam 
bath. 


The residue was dissolved in methanol for UV examination (Amax 240 
nm) and HPLC study (capacity factors 7.93 and 8.92, relative retention 
1.12). If treatment with the dilute alkali wash was omitted, the same 
HPLC peaks with the same relative peak heights were obtained, but 
paraben (preservative) peaks also appeared. The paraben-free residue 
was dried over phosphorus pentoxide overnight, leaving a crude white 
solid, mp 249-252' dec. Observed with a melting-point stage (l'/min), 
rapid sublimation began a t  223" and colorless needles developed from 
the residual solid; as these needles melted, the mass laced with needles 
became an orange melt. Some sintering with formation of orange spots 
occurred during melting. 


The residue isolated from the sample was soluble in chloroform, 
methanol, and acetone and was insoluble in ether, hexane, water, and 
dilute aqueous sodium hydroxide. I t  was recrystallized from acetone- 
hexane by dissolving the material in acetone and adding hexane in small 
portions while boiling until turbidity developed. On cooling in an ice bath, 
crystals separated immediately and were collected and washed with cold 
hexane-acetone (31)  to give a white solid, mp 246-2510', 


A solution of the crude impurity in methanol did not reduce blue tet- 
razolium". Therefore, the impurity contained neither free dexametha- 
sone nor other steroidal a-ketols. 


UV spectra of all materials were examined just before analysis by 
HPLC to assure that a maximum absorbance appeared a t  240 nm. This 
precaution was necessary because these materials decomposed under 
certain conditions; a methanolic solution of the drug impurity exhibited 
maximum absorbance a t  253 nm after storage in a clear glass container 
for about 1 month. 


RESULTS AND DISCUSSION 


The synthesized n-epimer (Ha),  the synthesized epimeric mixture (II), 
and the impurity from the sample gave spectra that, in the IR carbonyl 
region (1600-1800 and UV region (A,,, 240 nm), were identical. 
The IR spectrum of I1 closely matched that of the impurity; both spectra 
showed peaks at  1744.1770, 1630,1615,1238.1010, and 920 cm-'. The 
IR spectrum of the a-epimer closely matched the major peaks reported 
for that compound by Gut (4) .  


Two modifications were devised to recover additional adsorbed product 
(u-epimer) from the spent sodium bismuthate oxidant. First, in a method 
similar to one used by Gut (4), the solids collected by filtration were 
treated with aqueous sodium sulfite and concentrated hydrochloric acid 
until they dissolved, and the chloroform extraction procedure was re- 
peated on the solution. This procedure yielded an additional 160-175 mg 
01 product. Alternatively, it was found that the solids could be dried in 
air and then extracted with acetone in a soxhlet apparatus. After the 
extract was dried with anhydrous magnesium sulfate and the acetone was 
removed on a steam hath, this modification yielded an additional 170-190 
nig of product. The latter procedure is preferred, because it avoids any 
possibility of halogenation. 


The batches of Ila obtained by these procedures were examined by 
thermal microscopy (l"/min) and gave a melting point of 244-247' [lit. 
(4)  mp 245-249'1; practically all material passed quickly into the melt; 
a few crystals lingered to the higher temperature range, suggesting the 
occurrence of thermal epimerization. Hardly any sublimation was ob- 
served. 


The 17-keto impurity was determined quantitatively by extracting a 
new vial of the sample injection with chloroform, evaporating the chlo- 
roform, dissolving the residue in methanol, and injecting the methanolic 


' I  Sigma Chemical Co.. St .  Louis. MO 63178. 
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Table I-TLC of Drug  Impurity, 16a-Methyl-17-ketone (IIa), 
Epimeric Product f rom 16a-Methyl- 17-ketone, and 
Dexamethasone Acetate 


Adsorbent Solvent Svstema R i b  
~~ 


Silica gel Methanol-water 0.80 
Butyl acetate 0.62 


Alumina Methanol-water 0.81 
Alumina with 2% squalane' Methanol-water 0.62 


Butyl acetate 0.92 
Acetonitrile-water 0.45 


High-performance silica gel Methanol-water 0 80 


Reversed phase Methanol-water 0.00 


a Mixed solvents were used in 1:1 proportions. Sin le values given because all 
compounds gave identical A/ values in each system. #ach plate was dipped twice 
in 2% squalane in n-pentane just before use. 


solution into the chromatograph. The reference standard used was a 
portion of the dried residue previously isolated from a chloroform extract 
of three other vials and examined by IR and TLC. The amount of 17-keto 
impurity found was 1.4 mg/ml (corresponding to 2.2 mg of dexamethasone 
sodium phosphate/ml) and was calculated by use of the larger of the two 
peaks in the epimeric mixture. Analysis for dexamethasone sodium 
phosphate by the USP XIX procedure (5) gave 2.45 mg of dexamethasone 
sodium phosphate/ml, 5696 of the stated value (4.4 mg/ml). The amount 
of impurity thus calculated accounts for the shortage avd suggests oxi- 
dation of a dexamethasone derivative as the source of the impurity. 


Primary TLC screening consistently suggested that the white, water- 
insoluble precipitate in the dexamethasone sodium phosphate sample 
was comprised of a single component and that it was dexamethasone 
acetate. This latter compound generated R/ values identical with those 
of the impurity from the sample in various systems (Table I). In most 
cases, aqueous methanol was used as the developing solvent since this 
solvent was used in HPLC. Two adsorbents, reversed-phase precoated 
platesl0 and squdane on alumina, were used to approximate the re- 
versed-phase conditions provided by the high-resolution HPLC column8. 
In reference to thermal microscopy of dexamethasone acetate, Ref. 6 
notes that rods develop from the residual crystals during the melting- 
point determination; this phenomenon also was observed in this labo- 
ratory when the melting point of the impurity was determined with a 
melting-point stage. 


Despite these data, the IR spectrum of dexamethasone acetate was 
distinctly different from that of the impurity. Dexamethasone acetate 
displayed two sharp carbonyl peaks a t  1730 and 1750 cm-', whereas the 
impurity showed only the peak a t  1744 cm-I. In addition, when a mixture 
of dexamethasone acetate and the impurity was examined, a depressed 
melting point was observed. HPLC on the reversed-phase column dem- 
onstrated that the impurity consisted of two components, which eluted 
86 a single peak when 40% acetonitrile was used as the mobile phase but 
separated into two peaks when 5096 methanol was employed. This result 
confirmed that the impurity was not dexamethasone acetate, which had 
a much larger capacity factor (13.80). 


An attempt was made to separate the epimers by sublimation. Long, 
fine, single needles grew from the material up toward the watch glass. 
These long needles were easily separated from the remaining material 
and melted a t  257-259O; no signs of sintering (orange coloration) before 
melting were noted. A smaller amount of material, including some fine 
short needles, mp 237-257", collected on the watch glass. 


TLC of the crude, recrystallized, and sublimed (mp 257-259') mate- 
rials on silica gel gave spots with the same Rf when the chromatogram 
was developed with methanol-water (1:l). HPLC demonstrated that the 
sublimate was still a mixture, now containing a majority of the epimer 
that eluted last. Recrystallization gave a' product that  contained ap- 
proximately equal amounts of the epimers. 


The integrity of the steroidal A ring in the impurity was indicated by 
absorption in the UV region. Both A4- and A'v4-3-ketone moieties in the 
A ring show absorption a t  240 nm (7). The observed shift of the UV 
wavelength of maximum abaorbance in aged methanolic solutions of the 
impurity, stored in closed, clear glass containers, probably resulted from 
a photochemical transformation at  the A ring of the steroid. Prednisolone 
acetate, for example, can undergo such photocatalyzed transformations 
a t  the A1s4-3-keto group, leading toother compounds that absorb in the 
UV region (8). The IR spectrum of the impurity was also similar to that 
obtained for steroids with A rings that contain an n,&unsaturated car- 
bony1 function and showed absence of bands characteristic of the 
-CH*OPO*O- group found in dexamethasone phosphate or its sodium 
salt. 


The negative blue tetrazolium reaction for steroidal cu-ketols suggested 
that cleavage had occurred a t  the C17 position. Cleavage may result from 
oxidation a t  the Clr side chain, and the possible products from such a 
reaction-aldehydes, acids (such as etianic acids), and the 17-ketone- 
were discussed by Cohen in his review on dexamethasone (7). Of these 
candidates, the IR examination appeared to eliminate aldehydes. Fur- 
thermore, it seemed likely that the acidic compounds could be eliminated 
from consideration, since they would be expected to elute rapidly from 
the lipophilic HPLC column or t o  be removed in the sample preparation 
steps when the chloroform extracts were washed with dilute aqueous 
alkali. Thus, the 17-ketone was the most likely candidate. 


T o  confirm this deduction, an independent synthesis of the 17-ketone 
analog of dexamethasone by the method of Kausser and Oliveto (3)  was 
undertaken. Because only minute quantities of impurity were available, 
it was decided to use direct syntheses of the 16n- and 16D-methyl com- 
ponents of the impurity as reference standards instead of fractional 
crystallization, sublimation, or isolation and identification by HPIX; 
since the compounds were not completely resolved, the latter technique 
would have required careful timing during the collection of the eluted 
fractions. 


HPLC (Fig. 1, curve 2) of the synthesized 17-ketone (Ila 1 gave a single 
peak and showed a retention time identical with that of the first peak (Fig. 
1, curve 1) in the chromatogram of the impurity. This match established 
the first, larger peak in the chromatogram of the impurity as the one 
representing the a-epimer of 11, since there is no reason to expect inver- 
sion or even racemization a t  the C16 position of dexamethasone after 
oxidation with sodium bismuthate. 


An epimerization of the 16a-methyl-17-ketone (IIa) was devised to 
generate the epimeric 16-methyl mixture of the 17-ketone (II), and these 
epimers showed retention times in HPLC (Fig. 1, curve 3) that were 
identical with those of the two components in the impurity of the drug 
sample. The 1R spectrum of the impurity closely matched that of the 
epimeric mixture of the 17-ketone obtained by alkali treatment of the 
l6m-methyl optical isomer. TLC consistently gave spots with the same 
R/ values (Table I) for the synthesized l6a-methyl isomer of the 17- 
ketone (IIo), the epimerized ketone (I]), and the impurity, and the ep- 
imers did not separate with the chromatographic systems used. 


The synthesized a-epimer showed less tendency to sublime in the m a s  
during melting-point determination than did the impurity containing 
the /3-epimer. The sublimed long needles growing from the impurity were 
higher melting and were shown by HPLC to be predominantly the 
P-epimer. Some sublimate, which collected on the watch glass cover of 
the sublimation apparatus, melted at a lower temperature but showed 
no change in the ratio of the HPLC peaks when compared to the original 
impurity and may have suffered slight decomposition during sublimation. 
The long needles appeared to collect a t  a higher temperature near the 


Figure I-Liquid chromatogram of ( I )  drug impurity, (2 )  16m- 
methyl-17-ketone ({la), and (3)  epimerized 16m-methyl-27-ketone ({I). 
Only that portion of the chromatogram showing 17-ketones is repro- 
duced. 
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hot stage by seeding directly on the material so as to favor the a-epi- 
mer. 


The presence of the solid impurity was somewhat obscured by the dark 
glass container used to protect the injection solution from decomposition. 
The mechanical hazards from the presence of large amounts of an in- 
soluble 17-ketone (11) in an injection solution are obvious. Possible ad- 
verse physiological activities, especially in larger doses, are obscure, be- 
cause pharmacological studies on such impurities are limited. The sit- 
uation is further complicated by the fact that the 16a- and 16@-methyl 
compounds (11) may show distinctly different activities. 


Lodge et al. (9) reported that, of six manufacturers ofdexamethasone 
for the Canadian market, five produced products containing up to 2% of 
the 17-ketone (11). These investigators found the same extent of con- 
tamination with the corresponding 17-0x0 oxidation product in predni- 
sone and prednisolone tablets on the Canadian market. Massive con- 
tamination (50961, as described in this report, and even lower levels could 
result in pronounced physiological activity caused by the presence of 
the 17-0x0 contaminant, since patients on corticosteroid therapy may 
already be exposed to 0.4 mg of oxidation products daily. Some andro- 
genic side effects of corticosteroids may be due to impurities (10). 


Concerned that known unfavorable anabolic-androgenic ratios, which 
can occur from 17-keto or 17-hydroxy substitution, might be observed 
with dexamethasone. Lodged al. (9) studied the anabolic and androgenic 
activities. They found that I1 had no demonstrable organ-stimulating 
effect; it caused a significant decrease in weight in the levator ani muscle 
but showed no inhibition of androgenic and anabolic activities. Their 
results (9) did indicate possible catabolic activity for this impurity; 
dexamethasone, particularly, is known to have catabolic effects (11 ). 
Drugs related to betamethasone may be expected to be subject to the 
same type of contamination from a 17-0x0 product, consisting of, in this 
case, the 16/3-methyl epimer (IIb) (peak to the left in Fig. 1, curve 1).  
Alternatively, the same epimeric mixture obtained from the dexameth- 
asone sodium phosphate sample would he expected when oxidation is 
accompanied by epimerization a t  the ketonic a-position. 


The analysis method described here would apply in either case and 
possibly also in cases where cleavage occurred a t  a steroidal position 
to generate a 17-ketone. The presence of an epimeric 17-0x0 product as 
an impurity in dexamethasone sodium phosphate suggests that the oxi- 
dation occurred under acidic or basic conditions favorable to epimeri- 
zation at  the tu-position of ketones. Dexamethasone itself is known to be 
highly sensitive to air oxidation; under basic conditions, 50% oxidation 
of the a-ketol side chain occurs within 6-8 min (12). This reaction and 
its mechanism have been studied extensively in the case of the kinetics 
of the base-catalyzed degradation of prednisolone (13). 


In this study, the ease with which the dexamethasone degradation 
products could be determined by HPLC and the possible resolution 
provided by the reversed-phase column (14) simplified laboratory 
analysis. These advantages also gave a fast solution to problems en- 
countered in the initial work by TLC, which did not separate the epimers 
and gave coincidental matching of Rf values with the R/ value of dexa- 
methasone acetate during the first attempts to identify the impurity. 


Significant interest has developed in the use of HPLC for analysis of 
epimers, e g . ,  the determination of the 15-epimer of dinoprost in bulk 
drugs (15) and the assay for foreign epimeric steroidal impurities in 
methandrostenolone (16). In the latter case, one epimeric impurity ex- 


hihits an unfavorable anabolic-androgenic ratio; because of this serious 
problem, the presence of the impurity in any significant amount is un- 
desirable and its detection is important. The use of HPLC for detection 
of epimers or  various diastereoisomers responsible for specific undesirable 
physiological properties may become increasingly important in quality 
assurance programs. 


A TI,C method that distinguishes between the oxidation products was 
reported recently (17) (R/  values reported for the 16-methyl 17-ketones 
of dexamethasone and hetamethasone were 0.60 and 0.59, respectively). 
A new quantitative TI,C method, which is sensitive enough to allow de- 
termination o f  (Y to @ ratios and which is useful for the analysis of large 
numbers of these 16-methyl-17-ketones in quality assurance programs, 
will shortly be reported hy this lahoratory. 
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of the two isomers could not be determined by UV measurement. This 
determination was possible using NMR. As observed for the testosterone 
oxime (2), the vinyl proton had a different chemical shift for the two 
isomers. The spectra (over the 4-8-ppm range) for I crystallized from 
acetone and from aqueous ethanol are shown in Fig. 5. Crystallized I from 
acetone had a single resonance attributable to the vinyl proton a t  5.95 
ppm; I crystallized from aqueous ethanol 457 a t  282 nm) had res- 
onances a t  5.95 and 5.60 ppm. That the resonance a t  5.60 ppm was due 
to Ib was confirmed by monitoring changes in the two resonances with 
time. After storage for 144 hr with exposure to daily diffuse sunlight, the 
acetone-crystallized I had developed a resonance a t  5.60 ppm (Fig. 6A). 
In the sample crystallized from aqueous ethanol, the resonance a t  5.60 
ppm had become smaller and the one at  5.95 ppm had become larger than 
in the initial spectrum (Fig. 6B). 


The vinyl resonance integration values for the aqueous ethanol-crys- 
tallized sample showed the mixture to be 50% Ia and 50% 16. After 144 
hr in solution, both crystal types showed 67% Ia and 33% Ib. Using these 
ratios along with an apparent A :Tm of 457 for I crystallized from ethanol 
and an apparent of 492 for the equilibrium mixture, the A &  of Ia 
was calculated as 554 and that for I6 was 365 a t  282 nm. 


For the oximes of testosterone derivatives, Mazur (2) observed that 


the vinyl proton in the anti-isomer always resonated about 40 Hz upfield 
from the syn-isomer. For I, the 22-Hz upfield shift of Ib relative to Ia 
suggests that  10 is the syn-isomer and Ib is anti .  This assignment is 
consistent with an -20-Hz shift to lower field predicted when the vinyl 
proton is cis to the azo group(syn) compared to trans (anti)  (1) .  
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Abstract  0 The first derivative curve is used for tolbutamide determi- 
nation in unit-dose tablets and in combination products. The absorbance 
contribution from tablet excipient and coexisting components, thiamine 
and pyridoxine, is thereby nullified. The interference from tolbutamide 
during thiamine and pyridoxine determination is eliminated by solvent 
extraction and pH-induced differential spectrophotometry. Thiamine 
is measured at  the isosbestic point of pyridoxine. The latter is determined 
by the differential absorbance measurement a t  two wavelengths with the 
consequent computation of the delta absorbance value. 


Keyphrases Tolbutamide-analysis, combination tablets with thi- 
amine and pyroxidine, spectrophotometry, first derivative curve 0 
Thiamine-analysis, combination tablets with tolbutamide and pyri- 
doxine, spectrophotometry, first derivative curve Pyridoxine-analysis, 
combination tablets with thiamine and tolbutamide, spectrophotometry, 
first derivative curve 0 Spectrophotometry-analysis. tolbutamide in 
combination tablets 0 Antidiabetic agents-tolbutamide, spectropho- 
tometric analysis, in combination tablets 


Spectrophotometric determination of a weakly ab- 
sorbing compound like tolbutamide in tablets without any 
interference from the tablet excipients is challenging. The 
problem is made more difficult when such a compound is 
combined with thiamine hydrochloride and pyridoxine 
hydrochloride. 


Quantitation methods for multicomponent mixtures 
often employ multiple separation steps using chromatog- 
raphy or solvent extraction (1, '2). UV spectrophotometric 
methods that demand solution of simultaneous equations 
have also been used (3). Mixtures of two known absorbing 
substances have been determined spectrophotometrically 
(4). This method was modified (5) in terms of the extinc- 


tion ratio. The application of the absorbance ratio to bi- 
nary mixture analysis was recommended (6,7). 


The orthogonal function method was proposed in two- 
component spectrophotometric analysis (8). Recently, dual 
wavelength spectrophotometry (9) was applied to the si- 
multaneous determination of mixtures (10) and to masking 
of unwanted components (11). The first derivative curve 
was useful in distinguishing substances with overlapping 
spectra (12) and in the quantitative analysis of two-com- 
ponent mixtures (13). 


The present investigation was concerned with tolbuta- 
mide determination in unit-dose tablets and combination 
products by use of the first derivative curve. pH-Induced 
difference spectrophotometry (14-16) was utilized for 
thiamine and pyridoxine determination by independent 
absorbance measurements. 


EXPERIMENTAL 


Materials-Tolbutamide', thiamine hydrochloride', and pyridoxine 
hydrochloride' unit-dose tablets3 contained 500 mg of tolbutamidel 
tablet, The combination product4 contained 500 mg of tolbutamide, 5 
mg of thiamine hydrochloride, and 3 mg of pyridoxine hydrochloride. 


Reagents-All reagents were analytical grade, and solvents were 
spectroscopic grade. 


I El-Nile Co. for Pharmaceutical and Chemical Industries, Cairo, Egypt. 
2 Alexandria Co.  lor Pharmaceutical and Chemical Industries. Egypt. 


Batch 039, Hoechst Orient Saa. Cairo. Egypt. 
Batch 14364, El-Nile Co. for Pharmaceutical and Chemical Industries. Cairo. 


Egypt. 
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A. nm 
Figure I-UV absorption spectra of0.15 mg of tolbutamide/ml (-), 
0.01 mg of thiamine hydrochloridelrnl (.-I, and 0.01 mg of pyridoxine 
hydrochloridelml (- -). The solvent was 9<55‘;; ethanol. 


Instruments-A photoelectric spectr~photometer~ with 1-cm silica 
cells was used for all measurements. 


Assay of Tolbutamide in Unit-Dose Tablets-Twenty tablets were 
powdered and mixed, and an accurately weighed quantity (-0.6 g) was 
extracted with 95% ethanol. The solution was diluted with ethanol to give 
-0.25 mg of tolbutamide/ml. The absorbance was measured a t  274 and 
276 nm using 95% ethanol in the reference cell. The absorbance difference 
between 274 and 276 nm, LA(274 - 276), was computed. 


Assay for Combination Product-For the tolbutamide component, 
the above-mentioned method was used. For the thiamine and pyridoxine 
components, another -0.6-g powdered tablet portion was weighed ac- 
curately, extracted, and diluted with water. Two equal volumes were 
suitably diluted, with 0.1 N HzSOd or 0.01 N NaOH, to give -0.016 mg 
of thiaminelml and 0.01 mg of pyridoxine/ml. The acid solution ab- 
sorbance was measured at  265 nm using an alkaline solution in the ref- 
erence cell (thiamine component). The alkaline solution absorbance was 
measured at  300 and 310 nm using an acid solution in the reference cell 
(pyridoxine component). 


RESULTS AND DISCUSSION 


The tolbutamide absorption spectrum (Fig. 1) showed three absorption 
maxima at  256,262, and 274 nm and a shoulder a t  268 nm. The first de- 
rivative curve, obtained by plotting AA(A1 - A2) versus A, [where A, 
= (XI t A2)/2], is presented in Fig. 2. The working wavelengths chosen 
for the tolbutamide assay were 274 and 276 nm rather than the peaks 
located a t  shorter wavelengths. 


The choice of these wavelengths was based on the high AA(274 - 276) 
with a consequent increase in sensitivity. The absorbance contribution 
from tablet excipients (mostly nonhenzenoid) a t  longer wavelengths was 
expected to be nil since the diverse Components were characterized by 
constant absorption spectra (i.e., with zero slope). More important, the 
absorption spectrum slopes of the coexisting components (thiamine and 
pyridoxine) in the compound tablets were opposite to each other and 
distinctly lower (Fig. 1 )  than the tolhutamide spectrum slope. Conse- 
quently, the first derivative curves of thiamine and pyridoxine contribute 
equally but with opposite signs (Fig. 2). Therefore, they canceled each 
other with the net result of no interference from these compounds. The 
first derivative curve in the tolbutamide determination in unit-dose 
tablets and in combination products gave highly accurate results (Tables 
I and 11). 


The tolhutamide concentration was calculated from the following re- 
gression equation6, derived by using the least-squares method (17): 


AA(274 - 276) = 0.0053 t 0.915C (Eq. 1 )  


with’ r = 0.9998, which was obtained by application of the procedure 
described for tolbutamide assay in tablets to known tolbutamide con- 
centrations. Within a O.l-0.7-mg/ml range, AA(274 - 276) oersus C was 
linear. 


Thiamine and pyridoxine in combination products could be deter- 
mined using their pH-induced spectral changes. The interference from 


Prdatw, Paris. 
‘Concentrations in  this equation and in suhsequent equations are in milligrams 


per milliliter 
r = correlation coet’fTcient. 


-0.2 
I 1 1 I 
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Figure 2-First derivative curves from absorption spectra of tolbuta- 
mide (-), thiamine hydrochloride (--a), and pyridoxine hydrochloride 
(- -). 


the major component, tolbutamide, was thereby eliminated since it is 
barely soluble in water, the solvent used for the tablet powder extraction. 
More important, tolbutamide exhibits virtually identical spectra in acid 
and alkaline media. Consequently, the pH-induced tolbutamide solution 
differential spectrum (prepared by extracting 500 mg of tolbutamide with 
water and subsequent acidification or alkalinization) displayed a negli- 
gible contribution (Fig. 3). 


When the acid solution absorbance was measured against that of al- 
kaline solution a t  265 nm, thiamine could be determined without inter- 
ference from pyridoxine since the latter showed an isosbestic point (Fig. 
3). The delta absorbance measurement [A(acid) - A(alkaline)) at 265 
nm was linearly related to the thiamine concentration over the 0.008- 
0.056-mg/ml range. The following regression equation, derived from 
Aft265 measurements of known thiamine concentrations, describes the 
calibration curve: 


&4265 = -0.0108 + 3.03C (Eq. 2) 


where r = 0.9998. For pyridoxine estimation, the delta absorbance a t  two 
wavelengths (300 and 310 nm) was measured with subsequent subtraction 
to obtain a value of L(AA)(310 - 300). Such a choice for the two wave- 
lengths satisfied the following fundamental conditions. The coexisting 
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Figure 3-Differenlial ciirves of 0.15 mg of tolbutamide/ml (-), 0.01 
ncg of thiaminv hydrochloridelml (-), and 0.01 mg O/  pyridoxine hy-  
drochloridelml (- -). 
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Table I-Tolbutamide in Unit-Dose Tablets  
~~ 


Meana Percentageb f SD 
AA(274 - 276) 


Tablet Amax Method Method 


Laboratory made 101.78 f 0.42 100.58 f 0.59 


Commercial productd 101.38 f 0.47 100.07 f 0.36 
9.476c 2.198c 


fi.565C 4.16‘ 


0 Mean of five determinations. b Percentage recovery in laboratorv made and 
percentage found in commercial. Calculated t-value for which theoretical f at 99% 
confidence level ( n  = 0.01) = 4.604. d Rastinon. 


components (thiamine and the soluble portion of tolbutamide) exhibited 
the same absorbance a t  these wavelengths [i.e., A(AA)(310 - 300) = 
zero], so variations in their concentrations had no influence on absorbance 
measurements. Furthermore, A(AA H310 - 300) was linearly related to 
concentration in the 0.004-0.028-mg/ml range of pyridoxine, thus per- 
mitting its determination. The regression equation derived from the data 
obtained is as follows: 


A(AA)(310 - 300) = 0.0058 + 26.89C (Eq. 3) 


where r = 0.9999. 
The applicability of Eq. 1 in the tolbutamide assay and of Eqs. 2 and 


3 in thiamine and pyridoxine determination was tested by analysis of 
laboratory-made mixtures. The results obtained are of good accuracy and 
reproducihility (Table 11). 


The first derivative curve method [rlA(274 - 276)] for tolhutamide 
determination in unit-dose tablets was compared with the traditional 
spectrophotometric method (A,,, method). The latter was carried out 
by direct absorbance measurement a t  A,,, 262 nm, and the following 
equation was used for the concentration calculation: 


A ~ V L  = 0.019 + 2.170C (Eq. 4) 


where r = 0,9999. 
The unit-dose tablets were analyzed using AA(274 - 276) and A,,, 


methods (Table I). By applying the t test (17), the results were subjected 
to statistical analysis. At the 99% confidence level ( p  = 0.01), the AA 
method gave a value not significantly different from the true value 
whereas the A,,, method gave a value significantly different from the 
true value. Therefore, the former method was more accurate than the 
latter method. 


In combination tablets, tolhutamide-thiamine-pyridoxine were 
present in the ratio 166:1.66:1. Although tolbutamide represented the 
major component, the interference from strongly absorbing coexisting 
components was significant because of the weak absorptivity of tolbu- 


Tab le  11-Three Components i n  Tolbutamide Combination 
Tablets  


Mean Percentage” f SD 
Preparation Tolbutamideb Thiaminec Pvridoxinec 


Laboratory made 100.82 f 0.56 100.04 f 0.39 100.16 f 0.49 
Commerciald 101.63 f 0.45 106.61 f 0.59 106.99 f 0.66 


a Percentage recovery in laboratory-made mixture and percentage found in 
commercial tablets. Mean of 15 determinations. Mean of 10 determinations. 


Tolvit. 


tamide (Fig. 1). In term of absorbance, the interference from thiamine 
and pyridoxine was about 20%. The first derivative curve method di- 
minished such interference since the slope of the tolbutamide absorption 
curve was distinctly higher than the slopes of the coexisting component 
spectra (Figs. 1 and 2). The interference from the coexisting components 
was eliminated completely because of the opposite slopes of the thiamine 
and pyridoxine curves. 
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Comparison of In Vitro Activity of Undecylenic Acid and 
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Abstract  Ilndccylenic acid and tolnaftate were tested in an i n  iiifro 
test system t o  evaluate their relative “killing time” efficacy against 
’I’richr~phyton r n c n t c l ~ r ~ ~ p h ~ ~ f c ~ s ,  ’I’richophyton ruhrum, and E p i d w -  
moph,vton / / f J W J . S U ~ .  Commercial products containing these active 
agents s e re  tested similarly. The pure active agents were equivalent in 
activity. The commercial product containing undecylenic acid appeared 
to  l)e more effective against the test organisms than did the product 
ci)ntaining tolnaltnte. 


Keyphrases Undecylenic acid --in uitro comparison to tolnaftate 
against athlete’s foot fungi, drugs and lormulations 0 Tolnaftate-in 
i i / ro  comparison to undecylenic acid against athlete’s foot fungi, drugs 
and formulations Athlete’s foot - -  -in v i t ro comparison of effectiveness 
of undecylenic acid and tolnaftate as pure drug and commercial formu- 
lations 


Athlete’s foot or Tinea pedis is probably the most 
common superficial fungus infection in humans. A number 
of causative agents are usually present, including Tri- 
chophyton mentagrophytes, which normally infects the 
interdigital spaces of‘ the toes, Trichophyton rubrum, 
which resides on the plantar surface, and Epidermophyton 
f foccosum (1). 


Numerous preparations are available for the treatment 
of T. pedis. Underwood et al. (2) estimated that  over 100 
proprietary products were available in 1946. The latest 
estimate (1977) shows more than 50 products available on 
a nonprescription basis (3). Oral and topical prescription 
products raise this number significantly. However, rela- 
tively few active ingredients are used in these products. 
Typically, a product contains a keratolytic, an antifungal 
agent, and, perhaps, an antibacterial agent. 


Fatty acids and their salts possess antifungal activity. 
The antifungal activity of products containing undecylenic 
acid and its salts was demonstrated some time ago (4). 
IJntil the 1960’s, it was probably the therapy of choice. 
Recent human efficacy studies confirmed this earlier work 
( 5 ) .  Since 1960, other compounds have been synthesized 
for topical relief of athlete’s foot. Among these is tolnaf- 
tate. 


To  evaluate the relative efficacy of the undecylenates 
and tolnaftate, a series of clinical studies was performed’. 
The  current study was designed to evaluate in oitro the 
relative “killing time” of undecylenic acid and tolnaftate 
as well as commercial products incorporating these active 
ingredients, 


EXPERIMENTAL 


Fresh cultures of Trichophyton mentagmphyte>s (ATCC 9533), Tri- 
c,/iophyton ruhrum (ATCC 10218), and Epidermophyton floccosum 
(A‘I‘CC 10227) were used. After 1 month of culturing and subculturing 
on Mycosel agar, a sufficient quantity o f  mycelial growth was obtained 


I TI) he puhlished 


Table  I-Comparison of Times Required to  Kill T h r e e  Fungi  by 
Suspensions of Undecylenic Acid (2%) and  Tolnaf ta te  ( I  %)- 
Firs t  S tudy  


Numher Killed 
Contact o f  Seven Replicates 
Time, Undecylenic 


Oreanism min Acid TolnaItate 


5 
10 
15 
20 
30 
60 


T. rnc~ntagrophytrs 


T. rubrum 5 
10 
15 
20 
30 
60 


5 
10 
15 
20 
30 
600 


0 
0 
0 
0 
3 
7 
0 
0 
0 
4 
7 
7 
0 
0 
0 
0 
1 
I 
f 


0 
0 
0 
1 
2 
7 
0 
1 
0 
3 
6 
7 
0 
0 
0 
0 
0 
0 


0 Values significantly diflerent ( p  = 0.000:3); all others not significant 


t o  begin testing. Plugs of agar containing mycelial growth were cut out 
using a sterile No. 2 cork borer with an outside diameter of 7 mm. Plugs 
were cut for replicate experiments and controls. The cut plugs were placed 
in sterile plastic petri dishes (60 X 15 mm). Each dish contained the 
necessary number of‘ plugs for one replicate study. All excess agar was 
trimmed away from the mycelium using a sterile transfer loop and was 
discarded. 


Materials tested for antifungal activity included undecylenic acid2, 
tolnaftate’, and commercial powders containing these active ingredients4. 
The commercial powders were prepared and tested as 20% aqueous 
suspensions. Undecylenic acid was tested at  a 2% concentration (aqueous 
suspension), and tolnaftate was tested at  a 1% suspension concentration. 
All suspensions contained 0.1% polysorbate 20 as a dispersant. 


All test mycelial plugs were immersed in the test product contained 
in a covered sterile dish. The positive control replicate was removed al- 
most immediately, and the beaker was then placed on a mechanical ro- 
tator to keep the product in suspension and in good contact with the 
plugs. A t  each predetermined contact time (5,10,15,20,30, and 60 min 
lor the pure actives and 60,90,120,180, and 240 min for the commercial 
products), a set of seven replicate plugs was removed and the beaker was 
replaced on the rotator. 


The treated plugs were carried through the following rinse cycle: 
1. Placed in a culture tube containing 20 ml of the “first rinse” sterile 


solution, vortexed for 1 min, and allowed to remain in the rinse solution 
for 1 hr. 


2. Transferred to the “second rinse” tube (10 ml), vortexed for 1 min, 
and soaked for an additional 30 min. 


3. Transferred to the “third rinse” tube (10 ml), vortexed lor 1 min, 
and allowed to soak overnight. 


The rinsing solutions were prepared as follows. The first rinse was 1%) 
peptone, 0.1% polysorbate 20, and sodium hicarbonate and distilled water 


* Pennwalt receiving No. 05294. 
Code 56.500, received from Schering Co. 
Desenex Powder, lot 3107 (also crmtains 20% zinc undecylenate). Pennwalt 


Aftate Powder, lot AVY. Plough. 
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Table 11-Comparison of Times Required to Kill T h r e e  Fungi by 
Suspensions of Commercial Antifungal Products-First Study 


Number Killed 
of Seven 


Contact Replicates 
Time, Product Product Statistical 


Organism min A” Hh Conclusion 


T. nic,ritagrophy- 60 3 I N.LC 
I “S 90 6 0 Significant (p = 0.002) 


120 7 2 Significant (p = 0.01) 
180 
240 


7 5 N.S. - 7 N.S. 
T. ruhrum 60 5 0 Significant ( p  = 0.01) 


90 7 4 Significant (p = 0.09) 
120 7 7 N.S. 
180 - 7 7 N.S. 
240 I 7 N.S. 


E. flfJcCfJSlIm 60 0 0 N.S. 
90 1 0 N.S. 


120 6 ( p  = 0.002) 0 Significant . 
I80 7 2 Sienificant ( D  = 0.01) 
240 7 3 Significant ( j ~  = 0.03) 


A 20% aqueous suspension of Desenex powder. A 20% aqueous suspension 01 
Aftate powder. Not significantly different. 


to volume, with the pH adjusted to 7.6. The second and third rinses were 
l?h peptone, 0.196 polysorbate 20, and distilled water. On the following 
day, the plugs were resuspended by vortexing and aseptically transferred 
to the surface of Mycosel agar (BBL) plates. All seven replicates were 
placed in a single agar plate. The plates were incubated a t  ambient room 
temperature (24-28’) for 7 days for 7‘. mentagrophytes, 10 days for T. 
rubrum, and 12 days for E. floccosum, and the number of replicate plugs 
showing growth in each set was recorded. 


The described studies (seven replicates for each organism, test product, 
and time interval) were performed twice by different investigators ap- 
proximately 1 year apart. The second investigator, however, utilized test 
dermatophytes that were recent clinical isolates maintained in his lab- 
oratory culture collection rather than the ATCC cultures. 


RESULTS AND DISCUSSION 


The results of the in oitro testing are shown in Tables I-IV. Tables I 


Table 111-Comparison of Times Required to Kill T h r e e  Fungi 
by Suspensions of Undecylenic Acid (2%) and  Tolnaftate (1  % )  
-Second Study 


Number Killed 


Oreanism 


Con tact of Seven Replicates” 
Time, Undecylenic 
min Acid Tolnaftate 


T. men tagroph yt es 5 
10 


T. rubrum 


15 
20 
30 
60 


5 
10 
15 
20 
30 
60 


0 
0 
0 
0 
2 
7 
0 
0 
0 
0 
2 
6 


0 
0 
0 
0 
2 
7 
0 
0 
0 
2 
2 
5 


E. floccosum 5 0 0 
10 0 0 
15 0 0 
20 0 0 
30 1 0 
60 2 2 


0 Values not significantly difl’erent. 


Table IV-Comparison of Times Required to  Kill Three  Fungi 
by Suspensions of Commercial Antifungal Products-Second 
Studv 


~ ~~ 


Number Killed 
Contact of Seven Replicates 
Time, Product Product 


Organism min A” Bb 


7‘. mcvzt agrophyt es 


7‘. ruhrum 


60 
90 


120 
180 
240‘ 
60 
90 


120 
180 
240 
60 
90 


120 
180 
240 


0 0 
0 0 
0 0 
1 0 
5 0 
0 0 
0 0 
0 0 
1 0 
3 0 
0 0 
0 0 
5 2 
7 5 
7 7 


A 2Q% aqueous suspension of Desenex powder. A 201b aqueous suspensi(m of 
Attate pcrwder. C Values significantly different ( p  = 0.01); all others not signifi- 
cant. 


and 111 and I1 and IV compare the results obtained for the pure material 
and commercial products, respectively, by the two investigators. When 
the activity of‘ pure undecylenic acid was compared to that of pure tol- 
naftate, no significant differences were found (except for one organism, 
a t  one time, and by only one investigator and not deemed experimentally 
significant) iri the time required to kill the test fungi. All analyses were 
conducted using Fisher’s Exact Test (6). Comparison of commercial 
powders containing these active agents showed interesting results. The 
first investigator (Table 11) showed equivalence between both products 
in about half of the test instances and superiority of the undecylenate- 
containing product in the other half. These significant differences indi- 
cate that the undecylenate product (as tested by this investigator) killed 
the test organisms more rapidly than the tolnaftate-containing prod- 
uct. 


The data in Tables I11 and IV are the results of the equivalent study 
by another investigator. No significant differences were found between 
the two active ingredients, essentially confirming the first study. When 
the two commercial products were tested, results were again essentially 
equivalent to the first study. There was a different time interval where 
statistical significance was observed compared to the initial study. 
However, on a global basis, one can conclude that undecylenates are 
possibly more effective in in uitro killing time than tolnaftate alone. 
Moreover, this finding would probably apply to the commercial powders 
containing these active agents. 


The concentrations of active ingredients used differed for the two 
agents tested to simulate the commercial products available. Thus, un- 
decylenic acid was used in a concentration of 2% and tolnaftate was used 
a t  1%. Although the concentrations of active agents varied in the com- 
mercial products tested, the undecylenates are probably more effective 
(as determined by killing time) than tolnaftate. 
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Abstract  0 A GLC analysis is presented for loxapine, amoxapine, and 
their major metabolites in serum and urine. Electron-capture detection 
is employed for serum analysis, and flame ionization is used for urine 
analysis. The procedure includes trifluoroacetylation of secondary amine 
functions, followed by trimethylsilylation of phenolic groups after ethyl 
acetate extraction of the sample. Urine requires prior enzymatic hy- 
drolysis of conjugates. Data indicating the utility of the procedure in 
hospitalized patients and normal volunteers are presented. 


Keyphrases 0 Loxapine-and metabolites, GLC analysis in serum and 
urine 0 Amoxapine-and metabolites, GLC analysis in serum and urine 


GLC-analysis, loxapine, amoxapine, and their metabolites in serum 
and urine 0 Antipsychotics-loxapine and metabolites, GLC analysis 
in serum and urine Antidepressants-amoxapine and metabolites, 
GLC analysis in serum and urine 


Loxapine' succinate, 2-chloro-ll-(4-methyl-l-pipera- 
zinyl)dibenz[b,f) [ 1,410xazepine succinate, is a new anti- 
psychotic agent effective in the treatment of acute and 
chronic schizophrenia (1-5). It is the only member of the 
dibenzoxazepine class currently available in the United 
States. Amoxapine (N-desmethylloxapine), a new drug 
with antidepressant properties, is currently in advanced 
clinical evaluation. The metabolic pathways (Scheme I) 
for these drugs were investigated2. This paper describes 
methods for the quantitation of loxapine, amoxapine, and 
their 7- and 8-hydroxylated metabolites using CLC fol- 
lowing trifluoroacetylation of the secondary amine func- 
tions and trimethylsilylation of the phenolic groups. 


EXPERIMENTAL 


Reagents-Ethyl acetate, ACS reagent grade, was passed through an 
alumina column or glass distilled immediately prior to use. Carbonate 
buffer, pH 9.7, was prepared by mixing nine parts of 1 M Na2C03 with 
one part of 1 M NaHCOs. Trifluoroacetic anhydride3, N-trimethyl- 
~ilyldiethylamine~, /3-glucuronidase4, and 8-meth~xyloxapine~ were used 
as received. 


Apparatus-The gas-liquid chromatograph6 was equipped with a 
fi3Ni-constant current electron-capture detector and a flame-ionization 
detector. Glass-stoppered 15- and 5-ml centrifuge tubes were soaked 
overnight in a concentrated detergent solution and then washed in tap 
water. The washed tubes were immersed for a minimum of 3 hr in di- 
chromate cleaning fluid and washed again with a final rinse in approxi- 
mately 1 M NHdOH, followed by three distilled water rinses. 


Chromatographic Conditions-Columns were 1.8-m X 2- or 4-mm 
glass tubes packed with 3% SP 2100 on 100-120-mesh Supelcoport7. The 
temperatures were: oven, 255'; injection port, 280'; and detector, 300'. 
Argon-methane (95:5) was used as both the carrier and electron-capture 
detection gas for that  mode of detection. Helium was the carrier gas in 
flame-ionization detection. 


Procedure-For the analysis of serum, a sample (1-3 ml) was added 


I Loxitane, Lederle 1,aboratories. 


3 Pierce Chemical Co., Kockford, 111. 
Unpublished results. 


Glusulase, Endo Laboratories, Garden City, N.Y. 
Supplied by Ur. R. A. Hardy, Jr.. and Dr. C. F. Howell, Lederle Laboratories, 


Either a model 900. Perkin Elmer, Norwalk. Conn., or a model 222, Tracor, 
Pearl River, N.Y. 


Austin, Tex. 
7 Supelco, Bellefonte, Pa. 


to a 15-ml glass-stoppered tube, followed hy 0.2 ml of a 500-ng/mI solution 
of 8-methoxyloxapine (internal standard), 1 ml of 1 M pH 9.7 carbonate 
buffer, and 5 ml of ethyl acetate. The tube wasshaken and centrifuged. 
The organic layer was transferred to a clean 5-ml tube, 1 ml of 0.1 N HCI 
was added, and the contents were shaken and centrifuged. The ethyl 
acetate was aspirated, and clean ethyl acetate (4 ml) was added to wash 
the acid extract. 


The organic solvent was aspirated, and fresh ethyl acetate (4 rnl) was 
added along with 1 ml of pH 9.7 carbonate buffer. The tube was shaken 
and centrifuged, the ethyl acetate phase was transferred toa clean 5-ml 
centrifuge tube, and the solvent was removed by a nitrogen stream. A 
0.1-ml aliquot of a solution containing two parts of trifluoroacetic an- 
hydride and five parts of ethyl acetate was added, and the tube was 
permitted to stand 10 min. 


The reagent was removed by evaporation with a nitrogen stream, and 
20 M I  of N-trimethylsilyldiethylamine was added to the residue. The tube 
was stoppered and heated for 3 hr a t  60'. Alternatively, the tube was 
permitted to stand overnight a t  room temperature. A 1 - 2 4  aliquot was 
injected into the gas chromatograph, and peaks were detected by electron 
capture. 


For urine analysis, a sample (2-5 ml) was added to a tuhe containing 


I 1 1 


0 4 8 12 
MINUTES 


Figure I-Chromatogram of serum from a subject receiving loxapine 
intramuscularly. 
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Table I-Precision Observed on Analysis of 10 Consecutive Standard Curves in Serum Containing Loxapine and Amoxapine 
Metabolites a t  the Concentration Indicated 


Amount 7-Hydroxy- 
Add;:. Meaoxapin;D MehmoxapiyD 8-Hydroxyloxapine 7-Hydroxyloxapine 8-Hydroxyamoxapine amoxapine 


Peak Height Ratio 


Mean SD Mean SD Mean SD Mean SD 


5 0.128 0.0134 0.249 0.0444 0.132 0.0171 0.141 0.0154 0.275 0.0653 0.302 0.0482 
10 0.268 0.0299 0.445 0.0870 0.277 0.0430 0.277 0.0377 0.524 0.0626 0.569 0.0521 
15 0.422 0.0457 0.673 0.1298 0.446 0.0723 0.485 0.0415 0.790 0.1097 0.888 0.1083 
20 0.585 0.0666 0.964 0.1377 0.604 0.0871 0.700 0.0511 1.056 0.1423 1.207 0.1370 
25 0.750 0.1146 1.236 0.2230 0.779 0.1362 0.895 0.0808 1.320 0.3298 1.476 0.3057 


10 pg of added 8-methoxyloxapine. (For analysis of urinary loxapine, 10 
pg of amoxapine may be used as the internal standard.) The urine pH was 
adjusted to 5.0 f 0.2 with 10% acetic acid. Glucuronidase solution, 0.5 
ml, was added, and the sample was permitted to incubate for 48 hr at 
room temperature. A 1-ml aliquot of a 20-mg/ml solution of sodium hy- 


drosulfite in 10% NaHC03 was added, and the pH was adjusted to 9.0-9.5 
with 4 N NaOH. 


The tube was heated in a hoiling water bath for 10 min and cooled, and 
6 ml of ethyl acetate was added. It was then stoppered, shaken, and 
centrifuged. The ethyl acetate phase was transferred to a clean tube, and 


loxapine 


/I 


loxapine N-oxide 


c q  / O  


(3 
HO 


7-hydroxy amoxapine 


amoxapine 


\ 


8-h y drox yamoxapine 8-h y droxy loxapine . " 
phenol conjugates 
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Figure 2--Chrornatograrn of thv4-H-hr urine from a subject receiuing 
a singlr 23-rng dose o f  loxapme. 


1 ml of 0.1 N HCI was added. The cnntents were mixed and centrifuged, 
and the ethyl acetate was aspirated. The tube was then covered with a 
1.25-cm' piece of filter paper, held in place with a ruhher hand, and ly- 
ophilized. 


The residue was reacted with a mixture of 0.5 ml of trifluoroacetic 
anhydride and 0.2 ml of dichloromethane for 30 min, after which the 
solvent was removed by evaporation. The acylated residue was dissolved 
in 50 pl of N-trimethylsilyldiethylamine and either heated for 3 hr a t  60' 
or permitted to stand overnight a t  room temperature. A 2 4  aliquot was 
injected into the gas chromatograph, and peaks were detected by flame 
ionization. 


Standards for analysis of loxapine and its metabolites in serum con- 
tained loxapine, 8-hydroxyloxapine, and 8-hydroxyamoxapine a t  con- 
centrations ranging from 5 to 25 ng/ml. In urine, standards contained 
loxapine, 7-hydroxyloxapine, 8- hydroxyloxapine, 7-hydroxyamoxapine, 
and 8-hydroxyamoxapine a t  concentrations ranging from 5 to 25 pg/ 
analytical sample. For amoxapine analysis, standards contained amox- 
apine, 7-hydroxyamoxapine, and 8-hydroxyamoxapine in both serum 
and urine. Serum standards ranged from 20 to 100 ng/ml, and urine 
standards ranged from 5 to 25 pghample. 


\ 


RESULTS AND DISCUSSION 


The chromatogram shown in Fig. 1 demonstrates the separation ob- 
tained on an extract of serum from a patient who had been receiving 
loxapine intramuscularly. A chromatogram from an amoxapine-dosed 


Table 11-Plasma Loxapine Metabolites (Steady-State Levels) 
in 2-ml Aliquots of Serum Analyzed * 


8-Hydroxy- 8-Hydroxy- 
Dosage, Loxapine, loxapine, amoxapine, 


Patient mg/day ng/ml . ng/ml ng/ml 


1 20 7 18 20 
2 
3 
4 
5 
6 
7 
8 
9 


11 
12 
13 


10 


50 1 
50 11 
60 9 
70 4 
70 4 
80 17 
80 7 


100 31 


11 
16 
12 
24 
22 
36 
29 
34 
37 
88 
33 
72 


i4  .._ 


I 5  120 2 
16 120 12 


1 nn 6 41 
16 
40 


17 150 2 6 


11 
6 


11 
14 
16 
18 
23 
23 
28 
29 
16 
64 
31 


7 
33 
4 


18 200 12 42 28 
19 200 8 47 94 
20 250 73 97 114 


0 Samples were obtained just prior to next morning dose. 


subject would have shown a peak a t  approximately 6 min corresponding 
to amoxapine and would not have peaks due to loxapine or 7- and 8- 
hydroxyloxapines. As is apparent, it is frequently difficult to measure 
7-hydroxyloxapine in serum because of an overwhelmingly large amount 
of the 8-hydroxy analog. This prohlem did not occur with urine chro- 
matograms (Fig. 2) where better separations were achieved with the he- 
lium carrier gas and where concentrations of these isomers were more 
nearly the same. 


The precision of the reported procedure for serum analysis was esti- 
mated by preparing and running 10 consecutive standard curves con- 
taining both loxapine and amoxapine derivatives in serum (Table I).  
These data indicate a high reproducibility of the technique. An even 
higher reproducibility was achieved with urine standard curves. 


The absolute recoveries of added loxapine, 8-hydroxyloxapine, and 
8-hydroxyamoxapine from serum were estimated by comparing results 
from 10 serum samples to which these compounds had been added and 
that were carried through the analytical procedure without the internal 
standard with values from 10 samples prepared from the same stock so- 
lution in methanol that were simply derivatized after solvent removal. 
Extract transfers were measured accurately, and the same amount of the 
internal standard was added to all of the samples just prior to the tri- 
fluoroacetylation step. With an adjustment for extraction volumes, peak 
height ratio comparisons indicated the recovery of loxapine to be 70% 
(65-72Cth); that  of 8-hydroxyloxapine was 90% (88-92%), and that of 8- 
hydroxyamoxapine was 86% (83-90%). These results indicate the desir- 
ahility of preparing standards for serum analysis in serum. 


Concentrations of loxapine, 8-hydroxyloxapine, and 8-hydroxy- 
amoxapine found in the serum of normal volunteers after a single oral 
dose of 25 mg are illustrated by the curves shown in Fig. 3. Kinetic curves 
obtained after an amoxapine dosage of 50 mg are shown in Fig. 4. 7- 
Hydroxyamoxapine is not a metabolite of significance in serum following 


HOURS 
Figure 3-Serum concentration-time curves of loxapine ( A ) ,  8-hy-  
droxyloxapine (O),  and 8-hydroxyarnoxapine (0) after a single oral 
25-rng dose of loxapine (mean uahes of 23 subjects). 
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HOURS 


Figure 4-Serum concentration-time curves of amoxapine (A), 7- 
hydroxyamoxapine (o),  and 8-hydroxyarnoxaprne (0) after a single 
oral 50-mg dose of amoxapine (mean values of 26 subjects). 


loxapine dosage; 7-hydroxyloxapine, although present in appreciable 
quantity, is overwhelmed by the corresponding 8-hydroxy isomer, as 
previously described. 


Observed concentrations of loxapine and its 8-hydroxylated metabo- 
lites a t  steady state following multiple dosage are shown in Table 11. The 
patients under treatment received a twice a day dosage at the level in- 


dicated, and serum was obtained for analysis immediately prior to a 
morning dose. A similar study involving amoxapine dosage was not per- 
formed. 


The development of the described procedure led to an interesting 
observation concerning N-oxides of loxapine and its N-methylated me- 
tabolites (7-hydroxyloxapine and 8-hydroxyloxapine). These compounds 
form stable derivatives with trifluoroacetic anhydride, which survive the 
described GLC conditions and yield peaks differing in retention time 
from any of the compounds described. Loxapine N-oxide is found in 
human serum and is a major metabolite in dog serum. 
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Abstract  A quantitative electron-capture GLC method with good 
sensitivity is described for the determination of guanfacine in human 
plasma and urine. By condensing its amidino group with hexafluoro- 
acetylacetone, guanfacine is converted to a pyrimidino derivative with 
better GLC properties than the parent drug. This method allows the 
determination of guanfacine in plasma and urine a t  concentrations as 
low as 0.5 ng/ml and was applied successfully to measurement of plasma 
levels in humans after therapeutic dosing. 


Keyphrases Guanfacine-GI,C analysis in plasma and urine 0 
GLC-analysis, guanfacine in plasma and urine 0 Antihypertensive 
agents, potential-guanfacine, GLC analysis in plasma and urine 


Guanfacine', N-amidino-2-(2,6-dichlorophenyl)acet- 
amide hydrochloride (I), is a guanidine derivative showing 
antihypertensive activity in animals (1) and humans (2, 
3). Like clonidine, guanfacine possesses peripheral and 


CI 


I 


Clinical code BS 100-141 


central a-adrenoceptor stimulant activity resulting in a 
reduction in sympathetic nerve activity. 


This report describes an electron-capture GLC method 
adapted to the determination of guanfacine in biological 
fluids. After extraction, the compound is derivatized by 
condensing the amidino group with hexafluoroacetylace- 
tone to form a pyrimidino compound, as reported2 for 
guanido compounds (4,5). 


EXPERIMENTAL 


Reagents-Methanol3 RP, hexaflu~roacetylacetone~, and ethylan- 
thraquinone4, all analytical grade, were used without further purification. 
Dichloromethane5, benzene3, and methyl isobutyl ketone5 were freshly 
distilled under nitrogen. 


A standard solution of ethylanthraquinone (internal standard) was 
prepared by dissolving 100 mg of the product in 50 ml of methanol. 


Apparatus-A chromatograph6 equipped with a 6:iNi-electron-capture 
detector was fitted with a glass column (1.6 m X 3 mm i.d.) packed with 3% 
OV-225 on 100-120-mesh Gas Chrom Q. The flow rate of the carrier gas, 
5% methane in argon, was 60 ml/min. The temperatures of the injection 
port, column, and detector block were 250,210, and 300°, respectively. 


2 R. Laplanche Sandoz-Bale Internal Report, 1976. 


5 .I. T. Bafer. Phillipsburg, N.J. 


E. Merck A. d., Darmstadt, West Germany. 
Koch 1.i ht Laboratories, Colnbrook, England. 


Hewlett-Packard model 5713A. 
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characteristics as in the previous experiment, although the intensity of 
the orange compound was increased. 


A solution of sodium hydrogen sulfide dihydrate (0.3146 g, 0.0034 mole) 
in propylene glycol (3.7 ml) and a solution of acetylacroninium perchlo- 
rate (0.0110 g, 0.000034 mole) in propylene glycol (4.7 ml) were stirred 
a t  room temperature for 1 hr. The resultant viscous, orange solution was 
poured into water (20 ml), and the yellow precipitate was collected and 
dried. TLC showed a yellow component (with similar Rf value and fluo- 
rescence properties as acronine) and an orange component, R/ 0.70, as 
the major product. 


In a further experiment, acetylacroninium perchlorate (0.0245 g, 
O.oooO528 mole) was added to a stirred solution of thioacetic acid (0.4296 
g, 0.00565 mole) and sodium hydroxide (0.20 g, 0.005 mole) in water (100 
ml). After stirring at room temperature for 1 hr, the precipitate was col- 
lected and dried. TLC showed a yellow spot, Rf 0.39, fluorescing under 
UV light and an orange component, Rf 0.68, in major amount. 
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Abstract 0 The structure-activity relationships of 45 halogenated hy- 
drocarbons using molecular connectivity were studied. A very good cor- 
relation was obtained between the anesthetic activity and the molecular 
connectivity term O x ”  in addition to the polar hydrogen factor, QH. The 
equation reported accounts for and quantifies the known structure- 
activity observations on general anesthetics. The results are discussed 
briefly with reference to the mechanisms of action of general anesthet- 
ics. 


To derive information about the mechanism of action 
of anesthetic gases, some investigators attempted to relate 
potency to physicochemical properties, including boiling 
points, solubilities, partition coefficients, molar volumes, 
molar refractions, and van der Waals equation constants. 
The finding of a significant correlation indicated that 
mechanisms of action parallel the physicochemical prop- 
erty. 


~ ~~~~ 


Keyphrases 0 Molecular connectivity indexes-related to anesthetic 
activity of various halogenated hydrocarbons Halogenated hydrocar- 
bons, various-molecular connectivity indexes related to anesthetic ac- 
tivity 0 Anesthetic activity-various halogenated hydrocarbons, related 
to molecular connectivity indexes 0 Structure-activity relationships- 
molecular connectivity indexes related to anesthetic activity of various 
halogenated hydrocarbons 0 Topological indexes-molecular connec- 
tivity, related to anesthetic activity of various halogenated hydrocar- 
bons 


These property studies (1) did not give any direct insight 
into the structural features influencing potency. The first 
real effort to gain such insight used a calculation of mo- 
lecular structure known as molecular connectivity (2). That 
study, on a diverse group of anesthetic gases, resulted in 
a good correlation between potency and a combination of 
a molecular connectivity index and an electronic charge 
description. The correlation ( r  = 0.982) was good enough 
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Table I-CH Bond Polarity Indexes 


Haloeen Q H  Contribution 


F 
CI 
Hr 
I 
(7-F 
tr-CI 
tr-Br 
&F 
+CI 
ij-Br 


0.43 
0.41 
0.44 
0.40 
0.13 . ._ 


0.10 
0.09 
0.05 
0.05 
0.05 


to permit the prediction of the potency trend in eight other 
anesthetic gases. Of equal importance was the utility of the 
relating equation for describing some important structural 
features influencing the anesthetic potency. 


Structure-activity relationship studies of anesthetic 
activity were pursued on other groups of molecules to study 
and isolate the factors affecting activity. A structure- 
activity study on a group of anesthetic ethers where the 
polarity of the hydrogens is fairly constant gave very high 
correlations with a molecular connectivity term (3). A 
nonlinear structure-activity study of a group of hydro- 
carbon, ether, and ketone anesthetics also gave very good 
correlations with two molecular connectivity terms (4). 


Another group of molecules with general anesthetic 
potency is the halocarbons. The potency of 45 halocarbons 
was reported ( 5 )  and served as a basis for the present study 
of the structure-activity relationship. This study extends 
the opportunity to probe the important structural features 
influencing anesthetic potency and, more specifically, the 
effect of polar hydrogens. 


EXPERIMENTAL 


The method of structural description, molecular connectivity, describes 
numerically the branching, unsaturation, cyclization, and heteroatom 
presence and position in a molecule (2,6-9). 


The polar nature of hydrogen atnms previously was found to he an 
important structural characteristic (2). Similarly, in this study, the polar 
hydrogen was found to influence potency. The quantification of this 
polarity was undertaken at  a suhquantum mechanical level, because the 
general utility of a possible structure-activity correlation lies in the 
general ease with which such an index may be calculated. 


Accordingly, a polar hydrogen index was computed as a derivative of 
the Swain and Lupton F values (10.11). The F value is the relative field 
effect (as opposed to the resonance effect) on an atom or group in- 
fluencing the Hammet u constant. 


The F values are used directly as an index of the polarity of CH bonds. 
The I.' value (Table I )  of chlorine is 0.41. This index is used to describe 
the polarity of the CH bond in the fragment CICH. The total polarity 
index of the CH bond is a sum of the effects arising from all halogens; 
therefore, the CH bond polarity index in chloroform is 3 (0.41) = 1.23. 
In dichloromethane, the two equivalent CH bonds must be reckoned as 
2 X 0.4 I = 0.82 each. 


For the influence of halogen atoms on carbon atoms attached to the 
primary CH fragment, a diminished influence is used in the Swain and 
Lupton system. From the F values for the fragment CICCH, the influence 
of an cr-chlorine atom on the CH bond polarity value is 0.10. Halogens 
on &carbons were approximated as only contributing 0.05 each to the 
CH bond polarity total. 


Summation of all polarity influencing values, Q H ~ ,  gives a total CH 
bond polarity, QH, which might also be used as a structural descriptor 
coupled with connectivity indexes in an analysis of halocarbon struc- 
ture-activity relationships. 


In cases where no halogen is attached to a CH fragment, the QH is taken 
as zero, as in V, VII, IX, X, XIX, XXVIII, XXX,  XXXV, and XLIII- 
XLV. Two exceptions to this rule are XXIX and XXXIV, in which a 
methylene group is flanked by two halogen-substituted methyl groups. 
Here, the computed total QH value was obtained as a sum of both CH 
fragments. 


RESULTS AND DISCUSSION 


For the analysis of the data set, the molecular connectivity indexes '"xc 
were calculated through the third order ( rn  = 3) for the path indexes ( t  
= P )  and for the :jxC index. Also, the corresponding valence indexes m ~ t  


were calculated and entered into the data file. For each observation, then, 
there are 10 indexes as variables. Multiple linear correlations were run 
between the variables and the anesthetic potency, considering all possible 
single variables as well as all pairs and triplets. 


The single x index giving the best correlation against log ADm was " x u .  
No other variable gave a correlation significantly close to that for "xu, 
r = 0.70. This result is consistent with that found for two other sets of 
general anesthetics (2,3). 


T o  obtain an equation that accurately represents the data, the ques- 
tions to be resolved center on the characterization of the polar hydrogen 
atoms. Should the effects of all such hydrogens be summed? Do all polar 
hydrogens affect the anesthetic potency equivalently? 


A plot of log ADM uersus " x u  gives some helpful indications. Com- 
pounds with nonpolar or only very slightly polar hydrogens fall along the 
same line as compounds with no hydrogen atoms. The compounds with 
polar hydrogens fall below that line; the more polar the hydrogen, or the 
greater the number of polar hydrogens, the further below the line they 
fall. This general observation suggests that there is a minimum value for 
polarity to activate the hydrogen atom in the physiological process. 


Following this line of thought, polarity variables were calculated for 
each hydrogen. QH,. in a molecule as already described and regressions 
were run along with the variable "x". The following equations were oh- 
tained: 


(Eq. 1) log, ADso = 5.14 - 0.959"~' - 1 . 5 3 6 ~ 1  


r = 0.86 s = 0.63 F = 59 n = 45 


logr ADA" = 6.04 - 1 . 0 5 " ~ ~ '  - 1 . 6 8 4 ~ 1  - 1.49Q~2 (Eq. 2) 


r tO.96 s =0.34 F =  177 n = 45 


logp ADSO = 6.15 - 1.06"~" - 1 . 7 1 Q ~ 1  - 1 . 3 4 4 ~ 2  - 0.549Q~:,  (Eq. 3) 


r = 0.97 s = 0.32 F = 151 n = 45 


where C)H] represents the most polar CH bond, 4H:! represents the second 
most polar, and so on. Examination of residuals clearly indicates that 
cnmpounds with slightly polar hydrogens (V, IX. XXVIII, XXX, XXXV, 
and XLlIl-X1.V) are predicted too small, indicating that QH, should he 
set to zero up to a threshold value. The QH values for these hydrogens 
range up to about 0.36. There is a significant break in the QH values up 
to about 0.67. Thus, a useful threshold value of ahout 0.50 can be tested. 
The statistical results are as follows: 


(Eq. 4) log,, AD:," = 4.78 - 0.94"~"  - I . ~ O Q H L  


r = 0.87 s = 0.60 I.' = 67 n = 45 


log, ADS,) = 5.17 - 1.OO"x" - 1 . 1 2 6 ~ 1  - 132QH2 (Eq. 5) 


r = 0.97 s = 0.32 F = 194 n = 45 


log,. AD50 = 5.19 - 0.993"~" - 1.13Qlrl - 1 . 1 2 Q ~ 2  - O.t)00Q~:{ (Eq. 6) 


r = 0.976 s = 0.27 F = 204 n = 45 


There is some improvement in the correlation statistics and achieve- 
ment of a better distrihution of residuals. 


From Eqs. 4-6, it appears that  the influence of each polar hydrogen 
is not greatly different. Hence, it is of interest to investigate a QH variable 
that is a summation of all the polar hydrogen terms (above the thresh- 
old). 


The equation based upon ox and G)H = x 4 H ,  gives the best statistical 
results: 


log,.  AD^^ = 5.229 ( fn .171)  - 1.026 ( f o . 0 4 4 ~ ~ 1 1  
- 1.054 (f0.053)Q~ (Eq. 7) 


n = 4 5  ( p  < 0.001) r = 0.975 s = 0.27 F = 41 I 


The quantities in parenthesis for each regression parameter in Eq. 7 are 
the standard deviations calculated in the regression routine for each 
parameter. The calculated values shown in Table I1 are based on Eq. 
7. 


Equation 7 accounts for 95% ( R 2 )  of the variance in log, ADS". These 
resu1t.s are in line with previous results for a mixed group of anesthetics 
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Table 11-Correlation of Anesthetic Activity of Halogenated Hydrocarbons 


I CHFVCI 
ri ci-iitii 


Ill CH2C12 
IV CHFClBr 


V CFzClCHj 
VI CFsCHFCl 


VII CFjCFClBr 
VIII CFzBrCHF2 


IX CFClzCH3 
X CF2CICFC12 


X I  CFoClCHFCl 


XXVIII 
XXIX xxx 
XXXI 


XXXII 
XXXIII  
XXXIV xxxv 
XXXVI 


XXXVII 
XXXVIII 


XXXIX 
X L  


XLI 
XLII 


X LI  I1 CH:& FBC F2C H j 
XLIV CHjCFzCHzCHj 
XLV CHGF42FCICH.a 


Methane Derivatives 
1.334 


3.115 1.64 
3.542 1.28 


2.761 ;:;; 
Ethane Derivatives 


2.257 0.00 
1.387 1.22 
3.294 0.00 
2.167 1.21 
3.684 0.00 
3.94 1 0.00 
2.814 1.19 
2.814 1.20 
2.041 2.30 
2.821 2.35 
3.168 1.54 
3.595 1.23 
3.595 1.19 
3.595 1.23 
5.368 0.00 
3.948 1.60 
3.948 1.52 
4.242 1.18 
4.242 1.17 
4.375 1.22 
4.375 1.26 
3.115 2.14 
5.022 1.21 


Propane Derivatives 
2.964 


3.737 0.00 
3.391 0.82 
2.964 1.34 


1.793 y::: 


2.867 1.25 
2.573 1.46 
4.mI 0.00 
3.744 1.40 
2.094 2.69 
4.038 0.77 
4.818 0.80 
2.874 2.77 
3.948 2.43 
5.082 2.27 


Butane Derivatives 
2.10i3 0.00 
2.760 0.00 
3.533 0.00 1.22 


3.02 
1.12 
0.49 
0.18 


3.14 
2.74 
2.28 
1.94 
1.85 
1.70 
1.11 
0.87 
0.77 
0.26 
0.25 
0.18 
0.11 


-0.16 
-0.22 
-0.22 
-0.29 
-0.22 
-0.54 
-0.43 
-0.63 
-0.60 
-0.78 


2.08 
1.66 
1.39 
0.78 
0.77 
0.69 
0.64 
0.40 
0.22 
0.18 


-0.04 
-0.58 
-0.63 
-1.66 
-2.30 


2.99 
1.79 


2.52 
1.08 
0.30 
0.25 


2.91 
2.52 
1.85 
1.73 
1.45 
1.19 
1.09 
1.08 
0.71 


-0.14 
0.36 
0.24 
0.29 
0.24 


-0.28 
-0.51 
-0.42 
-0.37 
-0.36 
-0.55 
-0.59 
-0.22 
-1.20 


2.19 
1.83 
1.39 
0.89 
0.78 
0.97 
1.05 
0.72 


-0.09 
0.24 
0.27 


-0.56 
-0.64 
-1.38 
-2.38 


3.07 
2.40 


0.50 
0.04 
0.19 
0.07 


0.23 
0.22 
0.43 
0.21 
0.40 
0.51 
0.02 
0.21 
0.06 
0.40 
0.11 
0.06 
0.18 
0.40 
0.06 
0.29 
0.13 
0.15 
0.18 
0.12 
0.04 
0.38 
0.42 


0.11 
0.17 
0.00 
0.11 
0.01 
0.28 
0.41 
0.32 
0.31 
0.06 
0.31 
0.02 
0.01 
0.28 
0.08 


0.08 
0.61 


4 Using Eq. 7. 


(5) where O x u  was also the best connectivity term to correlate with ac- 
tivity. This correlation also accounts well for the qualitative structure- 
activity relationships of the general anesthetics (12.13): 


1. Halogenation of hydrocarbons increases potency in the following 
order: F < CI < Br (Table 111). Compare also XI1 and XXII ,  XVI and 
XXIV, XVIII and XXVII, XV and XX, XV and XXI, V and IX, XI11 and 
XIV, XXXIV and XXIX, XXXVII and XL, X X X I  and XXXIX, 
XXXVll l  and XXXIX, XXXII and XXXVI,  and XLIII and XLV. In 
all of these cases, this structure-activity observation is quantitatively 
accounted for by Eq. 7. 


2. Fluorination usually decreases potency, as can be seen in the ex- 
amples in Table I11 for halogen substitution. 


3. Compounds substituted as dibromides and dichlorides tend to be 
more potent than their monosubstituted analogs. The dibromo com- 
pounds are more potent than the dichloro derivatives. Compare, for ex- 
ample, XI1 and XV. 


4. Increased potency in a homologous series is observed. This result 
is quantified in the homologous pairs V and XXVIII and IX and 
xxxv. 


5. The polar hydrogen factor QH accounts well for the structure-ac- 
tivity observations that compounds containing CHFCl, CHFBr, and 
CHClBr produce good anesthesia and that one or more hydrogen atoms 
in the molecule are necessary for effective central nervous system de- 
pression. Equation 7 shows that a fully activated acidic hydrogen in- 
creases anesthetic activity by 1.4 log, h i t s  and that the influence of more 


than one acid hydrogen can be well approximated by a simple additive 
relation. 


The predictive value of the structure-activity equation is demonstrated 
by its ability to predict activities not in the original data (Table IV). One 
iodocompound is included and well predicted. With Eq. 7! the predicted 
anesthetic activity for the convulsant CFjCH20CH2CF:t (indoklon) (14) 
is 4.66; for its anesthetic isomer (CF:,)2CHOCH:,(14), it is 3.67. Equation 
7 predicts an extremely low anesthetic activity for indoklon and a value 
and order of magnitude higher for its anesthetic isomer. 


The equation obtained in this study is analogous to equations obtained 
previously with a mixed group of anesthetics (5), and it can be interpreted 
similarly in the light of theories of anesthesia. In this study, polar hy- 
drogens were evaluated with a term derived from the Swain and Lupton 
(10) field-based F. Experimentally, these polar hydrogens were better 
donors in a hydrogen bond than aliphatic CH (14.15). Halogenated hy- 
drocarbon anesthetics also break hydrogen bonds of the NH-mN, OH-0, 
and NH-O=C types in solution (16-21). Thus, the polar hydrogens can 
contribute to anesthetic activity because of their hydrogen bonding ability 
and their ability to perturb existing hydrogen bonds. These results are 
consistent with the observed disordering effect of anesthetics on mem- 
branes and protein structure ( 1 )  and the concepts of the critical volume 
hypothesis. 


Only one other structure-activity study on this data set was reported 
(5). A nonpolar term, PO, wasappropriately related tovan der Waals in- 
teraction terms by an approximate additivity scheme (5). In addition, 
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Table 111-Anesthetic Potency as a Function o f  Halogen 


log, AD50 
Compound Obs. Calc., 


VI CFsCHFCl 2.74 2.52 
XI1 CF:$HCIz 0.87 1.08 


XVlll CF:{CHClBr -0.16 0.24 
XXV CF:{CHBr2 -0.63 -0.59 
VIII CFzBrCHFz 


XVII CFZBrCHFCI 
XXIV CFzRrCHFBr 


1.94 1.73 
0.11 0.29 


-0.43 -0.55 
1 . 1 1  1.09 .... 


0.18 0.24 
-0.22 -0.37 
-0.78 -1.20 


V1 CHFCICF.7 2.74 2.52 


XVII CHFClCF2Rr 0.1 1 0.29 
XXIII CHFCICFC12 -0.54 -0.36 


I CHFzCl 3.02 2.52 
I1 CHFCIz 1.12 1.08 


111 CH2C12 0.49 0.30 
IV CHFClBr 0.18 0.25 


XI CHFCICF?CI 1.11 1.09 


a Using Eq. 7. 


an additivity scheme was employed for estimating the acidity of hydrogen 
atoms hy taking the contribution to the electron demand by each halogen 
as a constant. The total electron demand on the i th hydrogen is called 
H,,. The developed relation (5) was a six-parameter equation with an 
unusual form for multiple regression: 


log, ADS,) = a I  + a$,) + a:jdlH,I + a481 + u&Ho2 + a& (Eq. 8) 


Table  IV-Predicted Anesthetic Activitv 


0.829 
1.740 
2.520 
3.101 ~~ 


1.114 
1.536 
2.24 7 
3.227 
3.521 


0.00 
1.60 
1.66 
1.58 
0.00 
0.00 
1.12 
1.18 
2.22 


3.91 
2.08 
1.03 
0.22 
4.09 
3.91 
1.10 
0.41 


-0.92. -0.69 


4.38 
1.76 
0.89 
0.38 
4.09 
3.65 
1.54 
0.67 


-0.72 
0.365 1.56 2.40 3.21 


cHi.2CHcicH:j 2.911 1.63 0.53 0.52 
CF:{CH2CHCIz 3.521 0.97 -0.58 0.59 
CF2CICHzCHZCI 3.875 1.12 -0.11 0.07 
CF7CICHCICFCls 5.722 1.10 -0.51 - 1 .&lo 
c H;CF~CH=CH; 2.337 0.00 2.12 2.83 
CFL!HXF~CH,I 1.589 1.30 1.61 2.23 
c H:jc Fi: IC H ?C H,, 4.187 0.00 0.59 0.93 
CH.jCF.LCHZCHC12 4.745 0.92 -1.05 -0.61 
CH ICF~CHCICH~CI 4.745 1.99 -1.61 -1.74 


From Ref. 22. 6 Calculated usiiig Eq. 7 


where the terms aI-a6 are the regression parameters and the &’s are 
Kronecker deltas used to introduce the threshold idea. However, the 
threshold variable 6, is also entered separately in two places in the 
equation, affecting two pairs of regression parameters: a3 and Q *  and 05 
and (16. 


The correlation of PO with log AD,w yields r = 0.69. Equation 8 leads 
to r = 0.988 and s = 0.20, the only statistics reported for Eq. 8. Therefore, 
it is rather difficult to compare Eqs. 7 and 8 hecause of the differing 
number of regression parameters, 3 compared to 6, and the rather peculiar 
manner in which the threshold variable influences the regression. 
Equation 7 is a more readily applied form of analysis and was used in two 
other anesthetic structure -activity studies. 


In addition to statistical analysis, Eq. 7 is capable of structural inter- 
pretation and prediction as already discussed. 


REFERENCES 


(1) J. C. Miller and K. W. Miller, in “MTP International Review of 
Science-Biochemistry Series,” vol. 12, H. K. F. Blaschoko, Ed., But- 
terworths, London, England, 1975. 


(2) T. Di Paolo, L. Kier, and L. Hall, Moi. Pharmacol., 13, 31 
(1977). 


(3) T. Di Paolo, J. Pharm. Sci., 67,564 (1978). 
(4)  lbid., 67,566 (1978). 
( 5 )  R. H. Davies, R. D. Bagnall, and W. G. M. Jones, lnt .  J. Quantum 


(6) L. B. Kier, L. H. Hall, W. J .  Murray, and M. Randic, J. Pharm. 


(7) L. B. Kier, W. J. Murray, and L. H. Hall, J .  Mad. Chem., 18.1272 


(8) L. H. Hall and L. B. Kier, J. Pharm. Sci., 66,642 (1977). 
(9) L. B. Kier and L. H. Hall, “Molecular Connectivity Theory in 


Chemistry and Drug Research,” Academic, New York, N.Y., 1976. 
(10) C. G. Swain and E. C. Lupton, Jr.,  J. Am. Chem. Soc., 90,4328 


(1968). 
(11) C. Hansch, A. Leo, S. H. Unger, K. H. Kim, D. Nikaitani, and E. 


J. Lien, J .  Med. Chem., 16, 1207 (1973). 
(12) J. C. Krantz, Jr., and F. G. Rudo, “Handbook of Experimental 


Pharmacology,” vol. XX/I, Springer, Berlin, Germany, 1966, p. 501. 
(13) E. R. Larsen, Fluorine Chem. Reu., 3 , l  (1969). 
(14) S. Cohen, A. Goldschmidt, G. Shtacher, S. Srebrenik, and S. 


(15) L. J. Bellamy, “Advances in Infrared Group Frequencies,” vol. 


(16) R. B. Green, “Hydrogen Bonding by C-H Groups,” Wiley, New 


(17) T. Di Paolo and C. Sandorfy, J .  Med. Chem., 17,809 (1974). 
(18) T.  Di Paolo and C. Sandorfy, Nature, 252,471 (1974). 
(19) A. Nagyrevi and C. Sandorfy, Can. J. Chem., 55,1593 (1977). 
(20) R. Massuda and C. Sandorfy, ibid., 55,3211 (1977). 
(21) J. M. Brown and P. A. Chalone, ibid.. 55.3380 (1977). 
(22) B. H. Robbins,J. Pharmacol. Exp. Ther., 86, 197 (1946). 


Chem., I ,  201 (1974). 


Sci., 64, 1971 (1975). 


(1975). 


Gitter, Mol. Pharmacol., 11.379 (1975). 


11, Chapman and Hall, London, England, 1975. 


York, N.Y., 1974. 


ACKNOWLEDGMENTS 


The authors appreciate the use of the facilities in the Computer Centers 
a t  Eastern Nazarene College and Massachusetts College of Pharmacy. 


42 1 Journal of Pharmaceutical Sciences 
Vol. 68, No. 1, January 1979 












High-Performance Liquid Chromatographic Analysis of 
Penicillin V Benzathine Oral Suspensions 


MICHAEL LeBELLE, KEITH GRAHAM, and WILLIAM L. WILSON 
Received June 20,1978, from the Drug Research Laboratories, Health Protection Branch, Health and Welfare Canada, Tunney‘s Pasture, 
Oftaula, Ontario, Canada K I A  OL2. Accepted for publication October 6, 1978. 


Abstract 0 A rapid high-performance liquid chromatographic assay for 
penicillin V content of penicillin V benzathine bulk drug and oral sus- 
pensions is described. Dilution of the oral suspension with methanol 
containing 1,3,5-trimethoxybenzene as the internal standard allowed for 
direct analysis on a reversed-phase column with a mobile phase of 53% 
methanol in 0.05 M aqueous pH 3.5 phosphate buffer. A relative standard 
deviation of less than 1% was obtained on commercial formulations, and 
the system was linear over a range of 10-40 pg injected. 


Keyphrasea 0 Penicillin V-analysis in penicillin V benzathine bulk 
drug and oral suspensions, high-performance liquid chromatography o 
Penicillin V benzathine-high-performance liquid chromatographic 
analysis of penicillin V content in bulk drug and oral suspensions 
High-performance liquid chromatography-penicillin V analysis in 
penicillin V benzathine bulk drug and oral suspensions 


The iodometric assay (1-3) is the official designated 
potency method for penicillin V benzathine drug substance 
and formulations (4). Normally in this method, a sample 
and reference standard of the same chemical species are 
analyzed under identical conditions. With the benzathine 
salt of penicillin V, however, the drug is assayed against 
a penicillin V acid standard. Moreover, the inactivated and 
blank solutions are titrated at  a different pH. Under these 
conditions, benzathine was reported to react with iodine 
in the sample blank solution (5 ) ,  resulting in reduced 
thiosulfate titers and values for the penicillin V content 
that are 5-1096 low. 


An absorptivity test is also specified in the “Code of 
Federal Regulations” (4) for the penicillin V benzathine 
bulk drug. This method is nonspecific since a known im- 
purity, p-hydroxyphenoxymethylpenicillin, interferes 
(6). 


Because of these problems, a new analytical approach 
was needed. High-performance liquid chromatography 
(HPLC) has been used for the analysis of other penicillins 
(7-1 l), and its application as a specific, rapid, and accurate 
assay for penicillin V benzathine products was exam- 
ined. 


EXPERIMENTAL 


Apparatus-The liquid chromatograph was equipped with two con- 
stant-flow pumps’, a solvent programer2, a septumless injecto9, and a 
commercial 4.6-mm X 25-cm prepacked reversed-phase column4. A 
variable-wavelength spectrophotometer6 operating a t  274 nm and 0.20 
a d s  was ueed for detection. Peak areas and calculations were computed 
using a chromatographic data system6. 


Reagents-A low UV cutoff, distilled-in-glass grade of methanol’ was 
employed. All other chemicals were reagent grade. 


Chromatographic Parameters-The mobile phase, 53% methanol 
in phosphate buffer (v/v), was prepared by adding 53% solution of 


1 Model 6OOOA. Waters Aseocietes. Milford, Maas. * Model 660, Watere Aeaociates, Milford, M m .  
a Model U6K, Waters Associates, Milford, Mass. 
4 RP-8.10 pm, Brownlee Laboratories. Santa Clara, Calif. 
5 Model 155-40, Altex Scientific Inc., Berkele , Calif. 
6 SP4000, Spectra-Physics, Sants Clara, Cali!! 
7 Burdick & Jackson Laboratories. Muakegon, Mich. 


methanol in 0.05 M aqueous phosphoric acid to 53% methanol in 0.05 M 
sodium dihydrogen phosphate until pH 3.5 was obtained. A flow rate of 
1.0 ml/min (600 psi) was employed, and injection volumes were 5 @I. 


Internal S tanda rd  Solution-A stock solution of 1.3,5-trimethoxy- 
benzene8 (45 mg/ml) was prepared in methanol. 


Standard Preparation-European Pharmacopoeiag (EP) reference 
standard phenoxymethylpenicilin CRS (labeled 100% potency) and USP 
phenoxymethylpenicillin reference standardlo (labeled 98.06% potency) 
were dried as required before use. Penicillin V USP bulk drug powder” 
was employed as a working stahdard and used as received. Solutions were 


3 


Figure  1-HPLC 
analysis of a commer- 
cial penicillin V benza- 
thine oral suspension. 
Key: I ,  methylparaben 
and sodium benzoate; 2, 
penicillin V;  3, the in- 
ternal standard; and 4,  
propylpara ben. 
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Table I-Retention Times of Various Common Excipients and 
Penicillin V Impurit ies 


Retention Time, 
Compound min 


FD&C Red No. 2 
FD&C Yellow No. 6 
p-Hydroxyphenoxymethylpenicillin 
Phenoxyacetic acid 
Benzathine 
Penicillin V penicilloic acid 
Penicillin V penilloic acid 
Sod ium benzoate 
Methylparaben 
Penicillin C 
Penicillin V 


2.7 
3.0 
4.9 
5.6 
6.0 
6.4 
7.2 
7.7 
8.1 
8.3 


12.3 ._. 


Propyl araben 16.0 
Penicilh V penicillenic acid 18.2 


prepared in methanol to contain 9 mg/ml of the internal standard and 
either 3 or  6 mg/ml of penicillin V. 


Sample Preparation-Penicillin V Benzathine Bulk Drug-Soh- 
tions (6 mg/ml) were prepared in the same way as for the standards. 


Penicillin V Benzathine Oral Suspension-Approximately 2.5 ml of 
suspension was weighed accurately into a 25-1111 volumetric flask. Internal 
standard solution, 5.0 ml, and about 15 ml of methanol were added. The 
flasks were swirled to disperse the suspension, methanol was added to 
volume, and insoluble materials were allowed to settle. 


RESULTS AND DISCUSSION 


The EP phenoxymethylpenicillin standard, with a labeled potency of 
low, chromatographed as a single peak in this HPLC system and was 
used as a reference standard. Penicillin V benzathine chromatographed 
as two separate entities. A typical chromatogram of a commercial for- 
mulation is shown in Fig. 1. The concentration of methanol in the mobile 
phase was critical to achieve baseline separation between penicillin V 
(peak 2) and the internal standard (peak 3). The benzathine portion of 
the molecule was eluted prior to peak 1 but was not detected a t  the 
wavelength used. With a conventional fixed-wavelength detector (254 
nm), the benzathine was visible as a broad peak eluting with a retention 
time of about 6 min. This type of detector may also be used. 


Figure 1 shows that common formulation excipients such as methyl- 
paraben and propylparaben. sodium benzoate, and coloring agents did 
not interfere. Methylparaben and sodium benzoate had nearly identical 
retention times (peak 1). Common degradation products such as the 
penicillenic, penicilloic, and penilloic acids, the congener penicillin G, 
and the precursor phenoxyacetic acid were resolved from the penicillin 
V peak. Table I lists the retention times obtained for these compounds 
in the system described. 


Both the USP and working standard penicillin V contained a small 
amount of an impurity with a retention time of 4.9 min. Relative to the 
penicillin V peak and based on relative peak areas, 1 and 3% of this 
product were found in the USP and working standard, respectively. This 
impurity was collected from HPLC using 50% methanol-water as the 
mobile phase, and rechromatography indicated its integrity. This material 
had an absorbance maximum a t  287 nm, which underwent a phenolic 
shift i n  base to 303 nm, suggesting that the product was p-hydroxyphe- 
noxymethylpenicillin, an impurity known to be occasionally present in 
penicillin V (6, 12, 13). PMR spectrometry’* confirmed this structure. 


With six solutions (2-8 mg/ml), a linear calibration curve ( r  = 0.9995) 
was obtained over the range tested (10-4Opg injected) with a linear re- 
gression of y = 0.03031 + 0.005. 


The precision of the method was determined by analysis of 10 aliquots 
of a commercial sample of a 150-mg/5 ml penicillin V benzathine sus- 
pension. A mean assay of 24.89 mg/g of suspension and a relativestandard 
deviation of 0.94% was obtained (Table 11). 


There was good agreement between the HPLC and iodometric values 
for both the USP and working standard penicillin V (Table 111). Similarly, 
excellent agreement between the HPLC and official (4) absorptivity as- 
says for penicillin V content of the penicillin V benzathine bulk drug was 
obtained. The iodometric assay of this product exhibited the interference 
previously mentioned (5). 


Table 11-Precision of HPLC Determination of Penicillin V in  a 
Penicillin V Benzathine Oral Suspension (150 mg/5 mi) 


Determination Amount of Penicillin V o  


1 
2 
3 


8 
9 


10 


24.93 
24.46 
24.76 
24.72 
25.13 
25.00 
25.01 
25.25 
24.80 
24.91 


Mean 24.89 
RSD, % 0.94 


Results are expressed as milligrams of penicillin V per gram of suspension 


Table Ill-Analysis of Penicillin V and Penicillin V Benzathine 
Bulk Drug and  Oral  Suspension 


Penicillin V, % 
Product HPLC Official” 


USP penicillin V reference standard 98.7 97.6 


Penicillin V working standard 95.9 97.8 
Penicillin V benzathine bulk drug 66.0 65.9 
Oral Suspension A (300 mg/5 ml) 54.7, 54.0h 49.0, 49.2b 
Oral Suspension B (300 mg/5 ml) 54.2, 54.7h 49.8, 50.3b 


absorptivity method. 
of suspension. 


(98.06% label claim) 


(1 Itdometric assay except for penicillin V benzathine bulk drug which is the UV 
Results are expressed as milligrams of penicillin V per gram 


Table 111 also shows a comparison of the assay results using the two 
methods for two commercial formulations of penicillin V benzathine (300 
mg/5 ml) from different manufacturers. The values listed are expressed 
as milligrams of penicillin V per gram of suspension. For potency deter- 
mination, conversion to milligrams per dose is required and is effected 
by determination of the specific gravity of the suspension, because 
problems are encountered when pipetting such viscous preparations. The 
difference between the HPLC and iodometric assay values for these oral 
suspensions is due to the interference by the benzathine in the iodometric 
method (5). 


The HPLC procedure can be used for the analysis of other penicillin 
V products and as a combined identity and purity test to control the 
quality of these antibiotics. 
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Abstract 0 This investigation determined the effect of serum protein 
binding on the  kinetics of sulfisoxazole distribution, metabolism, and 
excretion. Adult rats, whose serum free fraction ofsulfisoxazole (at a total 
concentration of 81 f 6 pg/ml) was 0.05-024, received a rapid intravenous 
injection of 20 mg/kg. Sulfisoxazole concentrations in plasma declined 
hiexponentially with time. There were pronounced and reproducible 
interindividual differences in the total, metabolic, and renal sulfisoxazole 
clearances, each positively correlated with the serum free fraction of 
sulfisoxazole. The  renal sult'isoxazole clearance had a component unaf- 
fected by serum protein binding. T h e  apparent central compartment 
volume increased with an increasing serum free sulfisoxazole fraction, 
but the latter had no apparent effect on the first exponential term of the 
hiexponential equation describing sulfisoxazole elimination kinetics in 
rats. Serum protein binding was a major determinant of intersubject 
differences in sult'isoxazole excretion and biotransformation kinetics. 


Keyphrases o Protein binding, serum-sulfisoxazole, distrihution, 
met.al)olism, excretion, rats Serum proteins-hinding, sulfisoxazole, 
distribution, metabolism. excretion, rats D Sulfisoxazole-distribution, 
metabolism, excretion, effect of serum protein binding, rats 0 Antihac- 
terials-sulfisoxazole, distrihution, metaholism, excretion, effect of serum 
protein binding 


The  pharmacokinetic characteristics of drugs can be 
markedly influenced by serum protein binding (1-3). For 
drugs with linear, not blood flow rate-limited, elimination 
kinetics, total clearance is proportional to the serum or 
plasma free fraction (4-8). Since there are pronounced 
interindividual differences in the serum protein binding 
of some drugs even among healthy animals and humans 
(9-12), serum protein binding can be a major determinant 
of interindividual differences in drug elimination ki- 
ne tics . 


Previous studies focused on the relationship between 
the serum free fraction and the pharmacokinetic constants 
that  describe the multiexponential decline of plasma di- 
cumarol (12) and warfarin (4) concentrations in rats after 
rapid intravenous injection. These studies have now been 
extended to sulfisoxazole. 


The selection of sulfisoxazole was based primarily on the 
following considerations: 


1. The average serum free sulfisoxazole fraction value 
i n  rats is one to two orders of magnitude larger than that  
of warlarin, which, in turn, is one to two orders of magni- 
tude larger than that of dicumarol. 


2, Significant interindividual d rences in the serum 
free sulfisoxazole fraction have been demonstrated in rats 
(13) and humans (9). 


3 .  Sulfisoxazole serum protein binding in humans is 
affected by their pathophysiologic status (14). 
4. Unlike dicumarol and warfarin, which are eliminated 


almost entirely by biotransformation, sulfisoxazole is 
eliminated largely by renal excretion. 


The  investigation was designed to permit assessment 
not only of total clearance but also of metabolic and renal 
clearance values individually. 


EXPERIMENTAL 


Adult male Sprague-Dawley rats', 360-475 g, were used. A two-piece 
silicone rubber-polyethylene cannula was implanted in the right jugular 
vein under  light ether anesthesia (15, 16). One or 2 days later, the  rats 
were placed in individual metabolism cages with food and water freely 
available. They  received a single sulfisoxazole injection, 20 mg/kg iv, 
through the  cannula; blood samples (0.25 ml) were then obtained a t  0.1, 
0.25,0.5,1.0, 1.5,2.0,3.0,4.0,6.0,8.0, and 10.0 hr ,  using a technique de-  
scribed previously (16). 


Plasma was separated and assayed for sulfisoxazole by the Bratton- 
Marshall method (17). At the end of the experiment, 3 ml of blood was 
obtained for the  determination of the serum free sulfisoxazole fraction 
by equilibrium dialysis (14)  a t  3 7 O  against p H  7.4 phosphate buffer 
containing sulfisoxazole, 100 pg/ml. Urine was collected for 24 hr and 
assayed for sulfisoxazole and its acetylated and conjugated metabolites 
following selective extraction with and without prior hydrolysis (18). 
However, rather than performing the  Rratton-Marshall reaction in the 
ethyl acetate phase with solutions of reagents in acetone (la), the  ethyl 
acetate solution was evaporated under nitrogen, the residue was redis- 
solved in 0.5 ml of 3 N HCI and 0.2 ml of 3096 trichloroacetic acid, and the 
Rratton-Marshall reaction was carried out  in the  usual manner. This  
modification obviated the stability problems encountered previously (18) 
and resulted in  excellent reproducibility. 


T h e  sulfisoxazole concentration data  for individual animals were fitted 
to  the equation C, = Ae-'If + Re-d' for plasma concentration C, a t  time 
t by nonlinear least-squares regression (19). Convergence was defined 
a s  a relative change in the residual sum of squares Data in all 
functions were weighted numerically equal. Apparent distribution vol- 
umes and total clearance values were determined from the biexponential 
equation constants (20). Renal and metabolic clearance values were de-  
termined from the product of the total clearance and the dose fraction 
excreted in the  urine a s  sulfisoxazole and as  sulfisoxazole metabolite(s), 
respectively. T h e  product of the total clearance and  the dose fraction not 
recovered in the  urine was designated as  the clearance of a n  unknown. 


RESULTS 


T h e  free sulfisoxazole fraction in the serum of  the 1 3  rats used ranged 
Iron1 0.05'2 to  0.235 a t  a n  average f SD total concentration of 81 f 6 
pg/ml. Plasma sulfisoxazole concentrations declined biexponentially with 
time after rapid intravenous injection (Fig. 1). Excellent replication of 
plasma concentrations was obtained in six rats tha t  received intravenous 
sulfisoxazole on two occasions, 1 week apart  (Fig. 2) .  T h e  correlations 
hetween total clearance values ohtained i n  the  twoexperiments on each 
of the  six ra ts  and between the  serum free fraction values were very 
strong; there was little quantitative difference between values in any one 
animal (Figs. 3 and 4).  An average of-88'% of the  dose was recovered in 
the  urine within 24 hr after injection; the 24-48-hr urine tcollected Iron\ 
some animals) contained less than 3% of the dose. About 10% of the 
amount  excreted was in the form of metabolite(s) [ i . t , . ,  suhstance(s) ns- 
sayable hy the  Bratton-Marshall procedure following organic solvent 
extraction only after acid hydrolysis]. 


Table  I summarizes the pharmacokinetic da ta  ohtained from 13 rats 
in the first experiment. T h e  renal and metabolic clearance values were 
determined on the  basis of the fraction of t h e  dose excreted in the  urine 
as sulfisoxazole and sulfisoxazole metaholites, respectivelv, during 24 
hr after drug injection. T h e  unknown clearance, hased on the  fraction 
of  the dose not recovered in the urine, is a reflection of  possible extrarenal 
elimination, conversion of the drug to metabolites tha t  are  not deter- 
Tinable  by t h e  Bratton-Marshall procedure even upon hydrolysis, and 
(prohahly largely) technical imperfections such a s  incomplete urine re- 
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Figure I-Time course of plasma sulfisoxazole concentrations of the 
rat with the lowest serum free fraction ( f )  value (a, f = 0.052) and the 
rat with the highest f value (0, f = 0.235) after 2Omg/kgiv. Curves were 
fitted by nonlinear least-squares regression. 


covery. Consequently, the range of unknown clearance values is wide. 
More important, there were substantial interindividual differences in 
the total, renal, and metabolic sulfisoxazole clearances. Therefore, the 
relationship between these clearance values and the serum free sulfi- 
soxazole fraction in individual animals can be examined. 


Figure 5 is a plot of the total sulfisoxazole clearance against the serum 
free drug fraction. A highly significant correlation was obtained when 
only data from the first experiment on 13 animals were used for the sta- 
tistical analysis (a procedure followed also in all subsequent analyses). 
The total clearance versus the free fraction relationship appeared linear 
but exhibited a substantial positive intercept on the clearance axis. A 
similarly high correlation and apparently linear relationship were ob- 
served between the renal clearance and serum free sulfieoxazole fraction, 
again with a pronounced positive intercept on the clearance axis (Fig. 6). 
A highly statistically significant correlation existed between metabolic 
clearance and serum free fraction, but a plot of these parameters had an 
intercept close to zero if the animal with the highest metabolic clearance, 
an apparent outlier, was excluded (Fig. 7). There was no statistically 
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Figure 2-Time course of plasma sulfisoxazole concentrations of Rat 
I after 20 mglkg iu in two experiments, I week apart. Curves were fitted 
by nonlinear least-squares regression. 
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Figure 3-Relationship between total clearance value; for sulfisoxazole 
determined in two experiments, I week apart, in the same six rats 
Correlation coe//icient equals 0.967, p < 0.005. The broken line in this 
figure and in several subsequent figures has a slope of unity, indicative 
of perlect correlation. 


significant correlation between unknown clearance and the serum free 
sulfisoxazole fraction. 


The volume of the apparent central compartment for sulfisoxazole 
increased significantly with an increasing serum free fraction (Fig. 8, lower 
panel). A similar trend was evident for the apparent distribution volume 
(V,,,), but the relationship was not statistically significant (Fig. 8, upper 
panel). An examination of the relationships between each biexponentid 
equation constant describing the time course of plasma sulfisoxazole 
concentrations and the serum free fraction value in individual animals 
indicated that there was a statistically significant negative correlation 
between A and the free fraction ( r  = -0.666, p < 0.02) but no apparent 
correlation between B and the free fraction and that there was a statis- 
tically very significant positive correlation between /3 and the free fraction 
but no apparent correlation between a and the free fraction (Fig. 9). 


DISCUSSION 


Theoretically, the metabolic clearance of drugs with linear pharma- 
cokinetics should be proportional to their serum free fraction provided 
that the clearance is much lower than the blood flow rate to the metab- 
olizing organ or tissue (1-3). A linear relationship between in oivo total 
clearance and serum free fraction in rats was demonstrated previously 
with respect to dicumarol(5), warfarin (1,4), and bilirubin (61, all of which 
are eliminated almost entirely by biotransformation. 


The hepatic and renal blood flow rates in rats are about 1.7 ml/min/g 
of liver and 4 ml/min/g of kidneys (21). Based on a liver weight of 30 g/kg 
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Figure 4-Relationship between serum free sulfisoxazole fraction de- 
termined at the end of two experiments, I week apart, in the same six 
rats. Correlation coefficient equals 0.957, p < 0.005. 
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Table I-Sulfisoxazole Pharmacokinetics in Rats 
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a 
a m  a x  w =  
J= 
0 1  
J E  
a 40- z 
U 


0 60-  
2 


20 


Constant 


0 
0 ’ -,‘ 


Mean 
Value” Range 


47.4 27.6-6 1.1 


1.08 0.314-1.44 


2.91 2.21-4.81 


65.1 42.8-89.8 


0.245 0.144-0.313 


180 149-206 _. >, v,,,,, m@g 272 215324 
Free fraction in serum 0.144 0.052-0.235 
Total clearance, ml/hr/kg 66.5 38.4-92.7 
Renal clearance. ml/hr/ke 51.9 27.7-77.9 
Metabolic clearance, mlhr/kg 6.15 2.37-14.1 
Unknown clearance‘, ml/hr/kg 8.35 0.742- 12.2 


0 n = 13. b For a 20-mg/kg dose. Total clearance times the fraction of dose not 
recovered in urine. 


of body weight and a kidney weight of 5.7 g/kg of body weight (221, about 
3000 ml of blood/hr/kg of body weight flows through the liver, and about 
1400 ml of blood/hr/kg of body weight flows through the kidneys. These 
flow rates are much higher than the total sulfisoxazole clearance observed 
in this investigation. Consistent with theoretical predictions, the meta- 
bolic sulfisoxazole clearance increased proportionately with the serum 
free drug fraction. Considering the results of this study and of previous 
investigations on other drugs (4,5), the proportionality between meta- 
bolic clearance and serum free fraction has now been demonstrated at 
serum free fraction values ranging over three orders of magnitude. 


An important discovery in this investigation was the pronounced 
positive intercept on the clearance axis when renal clearance (and, 
therefore, also total clearance) was plotted against the serum free fraction. 
Pending the outcome of studies now in progress, these observations 
suggest that renal clearance has a t  least one component that  is inde- 
pendent of the serum free sulfisoxazole fraction and a t  least one other 
component that  is proportional to the serum free fraction. To confirm 
this preliminary conclusion, it will be necessary to determine the intrinsic 
and “conventional” renal sulfisoxazole clearances as functions of urine 
flow rate, urine pH, and drug concentration in plasma so that possible 
artifacts can be ruled out. 


Renal sulfonamide excretion is the net result of glomerular filtration, 
renal tubular secretion, and partial nonionic back-diffusion from the renal 
tubular lumen. There is some indirect evidence that the first two of these 
processes are functions of the plasma free drug concentration and that 
tubular secretion is describable by Michaelis-Menten kinetics in rabbits 
(23). Further studies are needed, but this investigation did show that the 
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Figure 5-Relationship between total clearance and serum free sulfi- 
soxazole jraction in 13 rats ( 0 )  and in s i x  of these rats retested I week 
later (0). Regression line and correlation coefficient (r )  are based on 
data from first experiment only: r = 0.792, p < 0.005. 
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Figure 7-Relationship between metabolic clearance and serum free 
sulfisoxazole fraction. See legend of Fig. 5 for other information; r = 
0.784, p < 0.00,5. 
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Table 11-Serum Protein Binding and Estimated Tiesue Binding 
of Dicumarol. Warfarin,  and Sulfisosazole in Ra t s  


0.3 


- I L 
t 


6 0.2 


Parameter Dicumarol Warfarin Sulfiioxazole 


0.000497 0.0123 0.144 
0.00258 0.0610 0.399 


/ T / f p  5.19 4.96 2.77 


0 See text for method of tissue binding estimation and sources of date; f is the 
free fraction of drug in plasma or serum. and f~ is the free fraction of irug in 
tissues. 


average apparent free drug fraction in tissues VT) can be estimated from 
the apparent distribution volume (V,,), the free fraction in plasma or 
serum up), and the real volumes of the body water space (V, )  and the 
plasma water space ( V , )  according to the following relationship (25, 
26): 


- 


- 


- 
v,, = v, + p f ( V ,  - V,) 


f T  
(Eq. 1) 


Values of f T  for dicumarol, warfarin, and sulfisoxazole in adult rats were 
estimated on the basis of average data obtained in this and previous (4, 
12) studies, assuming V, = 700 ml/kg and V,  = 30 mlhg.  These esti- 
mates (Table 11) indicate substantial binding of all three drugs in tissues. 
Previously, it was also established that interindividual differences in 
dicumarol and warfarin fp  are associated with corresponding differences 
.in /T such that the ratio of f~ to fP for any one drug is relatively constant 
over a wide fp range (27). The B of dicumarol and warfarin increases with 
increasing f,, presumably because of the relatively constant relationship 
between fp and f ~ .  The strong positive correlation between sulfisoxazole 
Band fP and the inferential indication of significant (= 60%) tissue drug 
binding suggest that interindividual differences in sulfisoxazole fp may 
be associated with corresponding differences in f ~ .  


The estimated /T//, ratios of dicumarol, warfarin, and sulfisoxazole 
are quite similar despite large differences in their average f p  values (Table 
11). The drug f T / f p  ratio can remain relatively unaffected by compounds 
that displace the drug from plasma protein binding sites since similar 
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Figure 8-Relationship between serum free fraction and apparent 
volume of distribution (V,,,,, upper panel) or apparent uolume o f the  
hypothetical central compartment (V,, lower panel) of sulfisoxazole 
in rats. Solid symbols are for the first experiment, and open symbols 
are for the second experiment. Correlation between free fraction and 
V, is statistically significant: r = 0.766, p < 0.005. (Correlation between 
free fraction and V.,,, is not significant: r = 0.454). 


A 
A 


A 
A 
A 


A b A  
A 


A 
A 
A 


0.8 A A  A 


A A A 


0-1-I- 1 4 - 1 -  I 


* O  * *  


0. 


0 


0 


-1-1- 1-1-1- I 
0.00 0.08 0.16 0.24 
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Figure 9-Relationship between serum free fraction and a (upper 
panel) or B (lower panel), the exponential constants of the biexpo- 
nential equation describing the elimination kinetics of sulfisoxazole 
in rats. Solid symbols are for the first experiment, and open symbols 
are for the second experiment. Correlation between free fraction and 
@ i s  statistically significant: r = 0.821, p < 0.001. 


displacement from tissue binding sites may occur (28). This would in- 
crease B with little or no change in the apparent distribution volume. The 
situation is more complicated when drug binding is nonlinear (29). 


The serum free suvlsoxazole fraction in 22 healthy adult humans varied 
from 0.082 to 0.125 at a total concentration of -9 mg/lOO ml(9); it was 
substantially larger in patients with impaired renal function (14). Serum 
protein binding may, therefore, be an important determinant of inter- 
individual differences in human sulfisoxazole clearance. The same con- 
sideration probably applies to certain other sulfonamides. Consequently, 
in oitro-in uioo correlations, pharmacogenetic characterizations, and 
similar pharmacokinetic interpretations of the biotransformation of 
extensively protein-bound sulfonamides should be based on their intrinsic 
rather than on their total clearance values. 
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Abstract  0 Plastic ion-selective electrode analysis of the hydrophobic 
amine antimalarial mefloquine in blood samples was investigated. The 
direct electrode response in plasma samples provided poor drug sensi- 
tivity due to high mefloquine protein binding. The drug was analyzed 
in whole blood by initial extraction into ether as its trichloroacetate 
ion-pair. Mefloquine was monitored in whole blood extracts with the 
electrode to moderately low levels (to 0.4 jigiml). Rapid blmd mefloquine 
level monitoring by this electrode was demonstrated in a bioavailability 
study. Mefloquine alkylation with various alkyl halides produced de- 
rivatives detectable by the electrode a t  much lower levels (up to two or- 
ders of magnitude) than the parent. A kinetic study of this alkylation 
reaction revealed that an alkyl amine base was necessary to scavenge the 
acid produced during reaction and to allow the reaction to go to com- 
pletion. A t  room temperature, with benzyl bromide as the reagent, re- 
action was 99% complete in 30 min and mefloquine could be detected to 


M, a 100-fold improvement in sensitivity over electrode monitoring 
o !  underivatized mefloquine. 


Keyphrases 0 Electrodes, plastic ion selective-analysis, mefloquine 
and derivatives in blood, dogs, hydrophobic amines 0 Mefloquine- 
analysis, in blood, plastic ion-selective electrodes, derivatives o Hydro- 
phobic amines-mefloquine, analysis in blood, plastic ion-selective 
electrodes 0 Antimalarials-mefloquine, analysis in blood, plastic ion- 
selective electrodes 


Recent interest in routine drug level monitoring in bi- 
ological samples (e.g. ,  blood, plasma, and urine) for de- 
termining pharmacokinetic parameters and individual- 
izing dosage regimens had produced a need for analytical 
methods that can be practically applied in the clinical 
laboratory. These methods should be rapid, simple, and 
sensitive, should require minimal sample preparation, and 
should employ inexpensive instrumentation. 


One such method recently was reported (1) from these 
laboratories for urine methadone analysis. A plastic ion- 
selective electrode was used that detects hydrophobic 
cations in aqueous solutions (2 ,3) .  This report describes 
further studies quantitating hydrophobic amines to low 


levels in whole blood samples. Amines could be derivatized 
for detection by the plastic ion-selective electrode, in- 
creasing sensitivity up to two orders of magnitude. 


The  model compounds selected for these studies were 
the quinolinemethanol antimalarial series mefloquine (I), 
11, and 111, presently under investigation for the treatment 
of persistent disease caused by Plasmodia strains. Prob- 
lems associated with the blood concentration determina- 
tion of such hydrophobic amines include glass adsorption, 
protein binding, and poor sensitivity by conventional de- 
tection methods [e.g. ,  high-performance liquid chroma- 
tography (HPLC) using UV detection]. 


EXPERIMENTAL 


Materials-Metloquine, 11, and 111 were used as obtained’. The free 
mefloquine base was precipitated from an alkaline salt solution and re- 
crystallized from water-ethanol to a constant melting point (174-175’). 
Dodecyl, octyl, and hexyl iodides and tetrahutylammonium bromide were 
used as obtained from commercial sources. Renzyl bromide was freshly 
distilled (55-56”/0.03 mm Hg) under nitrogen and stored protected from 
light under nitrogen until used; a t  the first sign of a yellow color, fresh 
reagent was distilled. Methanol and acetonitrile were reagent grade and 
were distilled in glass prior to use. Electrodes were fabricated as described 
previously (1). 


Fresh whole hlood was obtained from beagle dogs and maintained 
under refrigeration until used, usually within 48 hr. Anticoagulants 
(usually sodium citrate) were added a t  collection. Plasma was prepared 
from whole h l d  by centrifugation a t  5ooO rpm for 40 rnin and collection 
of the clear supernatant fraction. 


Electrodes-Coated wire electrodes were prepared as previously 
descrihed (1). All electrodes were checked for response to tetrahutyl- 
ammonium ion before use, and a minimum -56-mvidecade slope (versus 
theoretical -59 mv) was required for electrode acceptability. 


Apparatus-All potentiometric measurements were made with a 


I Through INIWRx Research Corp.. Lawrence. Kans., f rom Walter Reed Army 
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Figure 4-Serum concentration-time curves of amoxapine (A), 7- 
hydroxyamoxapine (o),  and 8-hydroxyarnoxaprne (0) after a single 
oral 50-mg dose of amoxapine (mean values of 26 subjects). 


loxapine dosage; 7-hydroxyloxapine, although present in appreciable 
quantity, is overwhelmed by the corresponding 8-hydroxy isomer, as 
previously described. 


Observed concentrations of loxapine and its 8-hydroxylated metabo- 
lites a t  steady state following multiple dosage are shown in Table 11. The 
patients under treatment received a twice a day dosage at the level in- 


dicated, and serum was obtained for analysis immediately prior to a 
morning dose. A similar study involving amoxapine dosage was not per- 
formed. 


The development of the described procedure led to an interesting 
observation concerning N-oxides of loxapine and its N-methylated me- 
tabolites (7-hydroxyloxapine and 8-hydroxyloxapine). These compounds 
form stable derivatives with trifluoroacetic anhydride, which survive the 
described GLC conditions and yield peaks differing in retention time 
from any of the compounds described. Loxapine N-oxide is found in 
human serum and is a major metabolite in dog serum. 
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Abstract  A quantitative electron-capture GLC method with good 
sensitivity is described for the determination of guanfacine in human 
plasma and urine. By condensing its amidino group with hexafluoro- 
acetylacetone, guanfacine is converted to a pyrimidino derivative with 
better GLC properties than the parent drug. This method allows the 
determination of guanfacine in plasma and urine a t  concentrations as 
low as 0.5 ng/ml and was applied successfully to measurement of plasma 
levels in humans after therapeutic dosing. 


Keyphrases Guanfacine-GI,C analysis in plasma and urine 0 
GLC-analysis, guanfacine in plasma and urine 0 Antihypertensive 
agents, potential-guanfacine, GLC analysis in plasma and urine 


Guanfacine', N-amidino-2-(2,6-dichlorophenyl)acet- 
amide hydrochloride (I), is a guanidine derivative showing 
antihypertensive activity in animals (1) and humans (2, 
3). Like clonidine, guanfacine possesses peripheral and 


CI 


I 


Clinical code BS 100-141 


central a-adrenoceptor stimulant activity resulting in a 
reduction in sympathetic nerve activity. 


This report describes an electron-capture GLC method 
adapted to the determination of guanfacine in biological 
fluids. After extraction, the compound is derivatized by 
condensing the amidino group with hexafluoroacetylace- 
tone to form a pyrimidino compound, as reported2 for 
guanido compounds (4,5). 


EXPERIMENTAL 


Reagents-Methanol3 RP, hexaflu~roacetylacetone~, and ethylan- 
thraquinone4, all analytical grade, were used without further purification. 
Dichloromethane5, benzene3, and methyl isobutyl ketone5 were freshly 
distilled under nitrogen. 


A standard solution of ethylanthraquinone (internal standard) was 
prepared by dissolving 100 mg of the product in 50 ml of methanol. 


Apparatus-A chromatograph6 equipped with a 6:iNi-electron-capture 
detector was fitted with a glass column (1.6 m X 3 mm i.d.) packed with 3% 
OV-225 on 100-120-mesh Gas Chrom Q. The flow rate of the carrier gas, 
5% methane in argon, was 60 ml/min. The temperatures of the injection 
port, column, and detector block were 250,210, and 300°, respectively. 


2 R. Laplanche Sandoz-Bale Internal Report, 1976. 


5 .I. T. Bafer. Phillipsburg, N.J. 


E. Merck A. d., Darmstadt, West Germany. 
Koch 1.i ht Laboratories, Colnbrook, England. 


Hewlett-Packard model 5713A. 
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Figure 1-Gas chromatogram.s (if human plasma assaypd as dpscribed. 
Key: left, chromatogram fr~im normal human plasma; and right, chro- 
matogram from normal human plasma containing 2 ng of guanfacinel 
ml. 


The mass spectrum of the derivative of the parent drug was determined 
on a mass spectrometer' with a multiple inn detectorH coupled to a gas 
chromatograph uia a membrane separator. The source was an electron 
impact operating at  70 ev and 20 mamp. The source temperature was 
220°, and the analyzer temperature was 180'. 


Assay-To 4 ml of plasma (or diluted urine) was added 0.5 ml of  1 N 
NaOH. Preliminary extraction was performed by adding 10 ml of methyl 
isobutyl ketone. After shaking for 20 min and then centrifugation a t  2000 
rpm for 5 min, the organic phase was transferred to a glass-stoppered tuhe 
and shaken for 20 min with 4 ml of 0.1 N HCI. After centrifugation (5 min 
a t  2000 rpm), the organic phase was discarded. The acidic phase was al- 
kalinized with l ml of 1 N NaOH and again extracted with 10 ml of di- 
chloromethane-methyl isobutyl ketone (90 10 v/v). 


After centrifugation, an aliquot of the organic phase was evaporated 
at 40' under nitrogen. The residue was taken up in 1 ml of 10% acetic acid 
in methanol and dried again. The new residue was dissolved in 200 pI of 
10% hexafluornacetylacetonc in methanol. The tubes, stoppered with 
polytef capsules, were heated in an aluminum heating block a t  100' for 
1 hr and then evaporated to dryness under nitrogen. 


4 8 12 4 8 12 
MINUTES 


Figure t--C;as chromatograms of human urine assayed as described. 
Key: left,  chromatogram from normal human urine; and right, chro- 
matogram from normal human urine containing 50 n# of guanfacine/ml 
before dilution. 


' Hewlett-Packard model S980A. * Hewlett-Packard model 5947A. 


_- 
Scheme I 


The dry extract was taken up  in 400 pl of benzene containing 100 ng 
of the internal standard (ethylanthraquinone); then 3 ml of 3 N NaOH 
was added to hydrolyze the excess hexafluoroacetylacetone. The samples 
were vortexed and centrifuged, and 4 pl of the benzene phase was injected 
into the chromatograph. 


RESULTS A N D  DISCUSSION 


T o  determine the optimal chromatographic extraction and derivati- 
zation conditions for the analysis of guanfacine a t  very low concentrations, 
various experiments were performed. Initially, the substance was ana- 
lyzed without derivatization by using a glass column packed with very 
polar phasesg. However, due probably to the high polarity of the com- 
pnund, retention on the column wall led to poor reproducibility. 


T o  reduce this phenomenon and to increase the sensitivity, a pyrimi- 
dino derivative was formed by condensing the arnidino group with hex- 
afluoroacetylacetone as reported previously (4,5).  The detector response 
then was stable, and the sensitivity was increased slightly. 


Identification of Derivative-A stable derivative, I1 (Scheme I), was 
obtained and its structure was confirmed hy its mass spectrum'" (Tahle 
I). 


Sample Extraction-Various parameters of the prncedure were an- 
alyzed. Among the different solvents used for extraction, only methyl 
isobutyl ketone and 10% methyl isohutyl ketone in dichloromethane gave 
a gnod yield. Heptane-1.5% isoamyl alcohol, ethyl acetate, ether, benzene, 
chloroform, hexane, and dichloromethane resulted in less than a 20% 
yield. 


For extraction of the alkalinized acid phase, 10% methyl isohutyl ke- 
tone in dichloromethane was substituted for pure methyl isobutyl ketone 
to minimize the water retention hy the residue. Back-extraction into 
diluted acid removed most of the neutral compounds from the initial 
methyl isobutyl ketone extract, which may have interfered in the chro- 
matographic analysis. A very clean plasma extract (blank) was thus ob- 
tained (Fig. 1). Figure 1 also shows a chromatogram of assayed human 
plasma with ethylanthraquinone as the internal standard. 


The present G I X  method also was applied to the determination of' 
guanfacine in urine (Fig. 2). 


The data in Table I1 show that guanfacine transfer from an aqueous 
into an organic phase was almost complete a t  pH 1 1  and that its reex- 
traction into the aqueous phase should occur a t  pH <3. 


U 1 2 3 4 


Figure 34nf luence  of temperature and heating time on derivatization 
kinetics. 


REACTION TIME, hr a 


9 Carbcwax 20M o r  neopentylglycolruccinate from Carlo Erba. 
lo Performed by R. Laplanche. 
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Table I-Principal Mass Peaks in Mass Spectra of the Compounds 


(hanfacine (Direct Inlet in Ion Source), mol. wt. = 245 
rn / e  86 69 123 159 89 100 K l  125 87 149 
I", % 100 (46)h 3 8 35 34 (30) 26 20 15 (15) 


Guanfacine Derivative (GLC-Mass Spectral Coupling), mol. wt. = 417 
rn / e  186 159 188 161 101 123 782 238 89 69 
I , ' %  100 88 7 5 56 (48) 41 27 21 (16) (16) 


~ ~~ 


Intensity <if the mass peak relative to the parent peak = 100. The intensities in parenthesis art' pussibly t r i o  high because of the interference of an impurity nr pyrolysis 
product. 


Table 11-Influence of pH on Extraction of 8 ng  of Guanfacine 
from 4 ml of Aqueous Phases (Le., 2 ng/ml) 


PH 
Recovery" 
f SEM, % 


l ( O . 1  N HCI) 
3* (buffer) 
5h (buffer) 
7h (buffer) 
9" (buffer) 


- 


17 f 1.2 
32 f 0.9 
55 f 3.0 
70 f 1.2 


11 (buffer) 90 f 1.5 
13 ( 1  N NaOH) 93 f 1.5 


0 Mean of four determinations. 
Merck. Darmstadt, West Germany. 


All buffers ('l'itrisol) were purchased from 


Derivatization-Excess hexafluoroacetylacetone was used for deri- 
vatization. A 200-4 aliquot of 10% hexafluoroacetylacetone in methanol 
afforded complete derivatization over the 1-20-ng/ml range. Urine 
samples containing more than 20 ng of guanfacine/ml were diluted before 
analysis. 


Figure 3 shows the influence of temperature and heating time on the 
kinetics of the derivative reaction. At 100". the reaction was virtually 
complete after 1 hr; 3 hr was required a t  80". 


Initially, toluene was used as the solvent for derivatization*. However, 
the reaction hetween guanfacine and hexafluoroacetylacetone was more 
complete with methanol, and the peak area corresponding to I1 was ap- 
proximately four times higher than with toluene. 


Recovery and Linearity-Guanfacine recovery was determined by 
adding various known amounts of product to human plasma (Table 111) 
or human urine (Table IV) and analyzing each sample in quadruplicate 
according to the described procedure. As compared to a similar series of 
unextracted reference standards of guanfacine, the mean recoveries 
varied from 73.5 to 84.696, with an average of 79% and were independent 
of the concentration within the range used for plasma. 


The standard curve obtained from plasma spiked with guanfacine was 
linear in the 0.5-lO-ng/ml range as reflected by the values of the corre- 
lation coefficient (y = 0.087~ t 0.051, r = 0.994). For urine, a good cor- 
relation also was obtained for the 20-400-ng/ml range (y = 5.46 X 


Table Ill-Recovery of Guanfacine Added to Human Plasma a 
Samples 


Guanfacine Amount Recovery, 
Added, Recovered b ,  mean f SEM,  
ng/ml n ng/ml % 


0.5 4 
1 4 
2 4 
4 3 
a 4 


0.38 77.0 f 1.3 
0.85 84.6 f 2.1 


83.2 f 4.0 1.66 
3.04 76.1 f 1.8 
5.88 73.5 f 1.0 


Assays were performed on 4 in1 of plasma. b Average of n determinations 


Table IV-Recovery of Guanfacine Added to Human Urine a 
S a m d e s  


Guanfacine Amount Recovery, 
Added, RecoveredC, mean f SEM, 
nglmlb n ng/ml % 


~ 


50 2 36.7 73.3 f 1.4 
100 2 76.4 76.4 f 4.1 
200 4 163.4 81.7 f 1.9 


85.4 f 2.3 400 4 341.6 
Assays were performed on 4 ml (if diluted urine ( 1 : I O ) .  6 Levels hefore dilution. 


Average of n determinations. 


10-3x t 0.216, r = 0.998). Triplicate assays on different days gave a 
standard deviation of 3.4% a t  10 nglml and of 4.291, a t  1 ng/ml. 


Sensitivity and  Specificity-The detection limit, defined as five 
times the background level, for guanfacine was 4 pg, corresponding to 
0.125 ng/ml of plasma under the assay conditions. Four times this con- 
centration (i.e., 0.5 ng/ml of plasma) was the lowest measurable con- 
centration with an accuracy of f5%. 


The specificity of the method in the presence of other drugs such as 
diuretics and &blocking agents, which may be administered concurrently 
with an antihypertensive drug, was checked. No interfering peak was 
observed on the chromatogram under the same conditions. 


Application to Pharmacokinetic Studies-The suitability of the 
proposed method for the determination of plasma guanfacine was tested 
in six hypertensive patients who received 2 mg of guanfacine as a single 
oral dose. Blood samples (10 ml) were drawn by venipuncture a t  0, 1, 1.5, 
2,3,4,6,8,10,24,28,32, and 36 hr. Plasma was separated, and the sam- 
ples were frozen until analyzed. 


Guanf'acine concentrations then were determined by the described 
method. The mean plasma concentration-time curve (A'SEM) is shown 
in Fig. 4. No guanfacine metabolites interfered with the determination 
of the parent compound. 


I T  
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Figure 4-Plasma guanfacine leu& (mean f SEM) after a single 2-rng 
dosc of actioe compound in six hypertensive subjects. 
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Abstract  A GLC assay was developed for the determination of oxy- 
codone levels in human plasma using a nitrogen-specific detector. The 
assay was developed for use in bioavailability studies of therapeutic doses 
of oxycodone. After ingestion of a commercial tablet containing 4.5 mg 
of oxycodone hydrochloride and 0.38 mg of oxycodone terephthalate by 
six volunteers, the mean peak oxycodone concentration in plasma was 
18.4 ng/ml at I hr. 


Keyphrases Oxycodone-GLC analysis in plasma GLC-analysis, 
oxycodone in plasma 0 Narcotic analgesics-oxycodone, GLC analysis 
in plasma 


Oxycodone (14-hydroxydihydrocodeinone) (I) is a 
narcotic analgesic (1) and antitussive agent (2). For many 
years, the detection and determination of oxycodone were 
based largely on TLC and UV spectrophotometry (3-5). 
Recently, a GLC procedure for the quantitation of oxy- 
codone hydrochloride in pharmaceutical preparations was 
reported (6). 


However, methods of determining oxycodone levels in 
human plasma have not been available. This problem is 
inevitably coupled with the fact that the circulating oxy- 
codone in blood from normal subjects after a single ther- 
apeutic dose is extremely low. The existing spectropho- 
tometric and GLC methods are not suitable since the lower 
limit of detection is approximately 1 pg. 


This report describes a GLC assay for oxycodone [with 
corydine hydrochloride (11) as the internal standard] in 
plasma using a nitrogen-specific detector. The assay re- 
quires 5 ml of plasma and is capable of determining 2 ng 
of oxycodonelml. 


EXPERIMENTAL 


Materials-Nanograde quality methanol and chloroform' were used 
without further purification. Thirty-milliliter glass bottles2 with poly- 
ethylene screw caps3 were used for the plasma extraction, and 12-ml 
glass-stoppered centrifuge tubes4 were used for the final solvent evapo- 
ration. Volumetric glass pipets were utilized for all solvent transfers. All 
glassware was soaked in chromic acid for at least 1 hr, rinsed thoroughly 
with distilled water, and heat treated for 3 hr at 270'. Polyethylene screw 
caps were soaked in n-heptane for a t  least 1 hr and dried at 60' prior to 
use. 


CH ,O 


NCH , 
CH,O 


I I1 


1 Mallinckrodt Chemicals. 
2 Wheaton Co. 


Standard Cap Carp. 
Arthur H. Thomas Co. 


Stock solutions of oxycodone and corydine (l-hydroxy-2,10,11-tri- 
methoxyaporphine), an internal standard, were prepared in chloroform 
using oxycodone hydrochloride' and corydine hydrochloride5 with all 
concentrations expressed in terms of the free base. Both compounds 
showed satisfactory UV, IR, NMR, and TLC properties. Clinical control 
plasma6 was used in the preparation of the oxycodone plasma stan- 
dards. 


Apparatus-A gas chromatograph7 equipped with a nitrogen-phos- 
phorus-specific detector was used. The GLC column was a 0.91-m X 
2-mm i.d. silanized glass column packed with 2% OV-101 on 100-120- 
mesh Chrommrb WHP8. The column was conditioned at  270' overnight 
with a helium flow of 30 ml/min. 


Chromatographic temperatures were: column oven, 240'; injection 
port, 260'; and detector, 300'. The helium carrier gas flow rate was 30 
ml/min, the hydrogen flow rate was 3 ml/min, and the air flow rate was 
100 ml/min. 


For the positive identification of oxycodone in human plasma, aqua -  
drupole mass spectrometers and a data system1* were used in conjunction 
with the gas chromatograph''. A 1.51-m X 2-mm i.d. silanized glass col- 
umn packed with 3% OV-1 on 60-80-mesh Gas Chrom Q12 was condi- 
tioned a t  270' overnight with a helium carrier gas flow rate of 20 ml/min. 
During analysis, the interface oven and the transfer line in the GLC-mass 
spectrometry system were a t  250'. The column temperature was 235'. 
and the injection port temperature was 280'. 


The methane13 pressure was adjusted to provide an ion source pressure 


I :. 0 2 4 6 8 - MINUTES 
Figure 1-Typical gas chromatogram of a plasma sample seeded with 
10 ng of oxycodonelml of plasma. 


Eastman Or anic Chemicals. 
Interstate Bfaod Bank, Philadelphia, Pa. 
Hewlett-Peckard model 5710A. 
Hewlett-Packard. 
Finnigan model 3300. 


I" Finnigan model 6110. 
I I  Finnigan model 9500. 
l 2  Applied Science Laboratories. 
l 3  Instrument purity, Matheson. 
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Table I-Means, Standard Deviations, and Coefficients of 
Variation of Area Ratios at Various Oxycodone 
Concentrations 


Oxycodone 
Concentration, Number of Area Ratios 


ndml Determinations Mean SD CV 


Table 11-Plasma Oxycodone Levels (Nanograms per  Milliliter) 
in Six Subjects a f t e r  Oral  Administration of 4.5 mg of Oxycodone 
Hydrochloride and 0.38 mg of Oxycodone Terephthalate  


Time 
after Subject 


Administration 1 2 3 4  5 6 Mean 


2 
5 


10 
20 
30 


10 0.257 0.061 0.23 
9 0.517 0.111 0.21 
9 1.084 0.171 0.16 
9 1.608 0.277 0.17 


50 5 2.802 0.224 0.08 


of 1 torr. The ion source settings were: ion energy, 2 v; ion repeller, 0 v 
(chemical ionization), 35 v (electron impact); ion lens, 40 v; and filament, 
70 v (electron impact), 150 v (chemical ionization). The electron beam 
total emission was regulated a t  0.55 mamp, while the source was operated 
without external heating. 


Assay Procedure-Five milliliters of plasma, 10.0 ml of internal 
standard in chloroform solution (20 ng of corydine/ml), and 1.0 ml of 1 
N NaOH were added to a 30-ml bottle, and the mixture was shaken on 
a tabletop shaker14 a t  120 oscillations/min for 15 rnin. After centrifuga- 
tionlS a t  2000 rpm, the aqueous phase was removed and discarded. T o  
the organic phase was added 5.5 ml of 0.05 N HCI. The mixture was then 
shaken for 15 min and centrifuged for 10 min. 


Five milliliters of the aqueous layer was transferred to a 30-ml bottle 
containing 10.0 ml of chloroform and 1.0 ml of 1 N NaOH. The mixture 
was shaken for 15 min and centrifuged for 10 min, and the aqueous phase 
was removed and discarded. Then 8 ml of the organic phase was pipetted 
into a 12-ml centrifuge tube, and the solvent was evaporated under a 
nitrogen stream at 40". The residue was reconstituted in 20 pl of meth- 
anol, and 10 jtl was injected into the gas chromatograph. 


Oxycodone Single-Dose Human Plasma Samples-Six healthy 
adult male volunteers were fasted for a t  least 12 hr prior to dosing and 
1 hr postdosing. Each subject was dosed with a single tabletI6 and 200 
ml of distilled water. Blood samples of 20 ml were collected in heparinized 
vacuum tubes by venipuncture a t  0 (predose), 10,20,40,60, and 90 min 
and 2,3,4,5,6, and 8 hr after dosing. The plasma was separated by cen- 
trifugation immediately after collection, and the clear plasma was stored 
frozen a t  -10" in polypropylene snap-cap tubes until assayed (within 
several weeks). 


10 
? 


7 ,  
r / I 1  
L v 


-, 


.', 
I 
0 2 4 6 8 


MINUTES 


Figure 2-Typical gas chromatogram of a blank plasma sample con- 
taining corydine as an  internal standard. 


14 Eberbach Corp. 
15 International Centrifuge. 
16 Perccdan, Endo Laboratories, Inc. Each tablet contained 4.5 mp of oxycodone 


h drochloride, 0.38 mg of oxycodone terephthalate, 224 mg of aspwin, 160 mg of 
pienacetin, and 32 mg of caffeine. 


0 0 -  0 0 0 0 0  
10 min 0 0.8 0 0 0 0 0.1 
20 min 6.3 2.0 0 5.5 1.8 0 2.6 
40 min 13.0 19.8 6.3 21.0 13.0 5.7 19.1 
60 min 36.5 12.9 16.5 20.0 16.0 8.5 18.4 
90 min 12.5 22.8 19.5 15.3 25.0 8.7 17.3 


2 hr 10.7 18.9 17.0 12.3 18.3 17.0 15.7 
3 hr 10.0 11.5 12.3 7.0 13.8 6.0 10.1 
4 hr 8.0 8.8 10.7 9.6 11.9 7.3 9.4 
5 hr 6.0 7.0 9.9 9.0 11.3 4.3 7.9 
6 hr 3.7 6.3 5.5 5.0 10.0 1.7 5.4 
8 hr 3.0 4.0 2.3 3.5 14.3 1.0 4.7 


RESULTS AND DISCUSSION 


The plasma level profiles of oxycodone in humans have not been re- 
ported, undoubtedly because of the difficulties in measuring low levels 
of oxycodone after a single oral therapeutic dose. The TLC and UV 
spectrophotometric assays (3-5) as well as the GLC method, using 
flame-ionization detection (6), do not offer enough sensitivity for de- 
termining oxycodone levels in human plasma samples. 


Due to the lack of an electron-capturing moiety in the oxycodone 
molecule, the electron-capture detector has no better sensitivity than 
the flame-ionization detector toward oxycodone. Derivatization of oxy- 
codone with acetic anhydride and propionic anhydride was unsuccessful 
(5). Other available derivatization reagents for electron-capture detection 
appeared not to react with oxycodone. The nitrogen-phosphorus-specific 
detector used in the nitrogen mode, however, shows good sensitivity in 
detecting oxycodone. The lower limit of detection is 2 ng or better, and 
the detector response is linear between 2 and 50 ng. 


Oxycodone is a weak base with a pKa of 8.53 (7); the compound can 
be extracted from plasma into an organic solvent, such as chloroform, 
in the presence of a strong base. Oxycodone forms salts with strong acids 
such as hydrochloric, and these salts are readily soluble in water. With 
the present extraction procedure, the mean extraction efficiencies f SD 
for 10 determinations were 72.8 f 10.8% for oxycndone at  concentrations 
of 10 ng/ml and 71.6 f 15.3% a t  20 ng/ml. Corydine had a mean extraction 
efficiency of 54.1 f 6.3% (n = 6) a t  20 ng/ml (concentration used in the 
assay). 


Figure 1, a typical oxycodone chromatogram tracing, shows the sepa- 
ration of oxycodone and corydine peaks. The retention times under the 
experimental conditions were 3.3 and 6.9 min for oxycodone and corydine, 
respectively. Shown in Fig. 2 is the chromatogram tracing of a blank 
plasma extract. No plasma peaks interfered with the assay. 


The peak area ratios of replicate samples (expressed as oxycodone to 
corydine), obtained from the addition of  known amounts of oxycodone 
to control blank plasma followed by processing according to the described 
procedure, are summarized in Tahle 1. A least-squares analysis gave a 
straight-line standard curve with a correlation coefficient of 0.9992, a 
slope of 0.056 f 0.01, and an intercept of -0.010 f 0.029, which, within 
experimental error, showed that the line passed through the origin. The 
assay is reproducible, asshown by coefficients of variation in Tahle 1. 


In the assay development, the hydrochloride salt of oxycodone was used 
to prepare oxycodone standards. However, the hydrochloride salt is hy- 
groscopic, and the terephthalate salt is a better compound for this pur- 
pose'l. 


The identity of the G1.C peak was confirmed by CIA-mass spec- 
trometry using both electron-impact and chemical-ionization modes of 
analysis. The electron-impact spectrum exhibited a molecular ion a t  m/e 
316 for the component in the GLC peak, which is identical to the spec- 
trum of authentic oxycodone obtained by the direct inlet technique. The 
chemical-ionization spectrum showed mass peaks a t  m/e 316 (M t l ) ,  
344 (M t 29), and 356 (M t 411, which are characteristic peaks in the 
chemical-ionization spectrum of oxycodone with methane as a reagent 
gas. Furthermore, the chemical-ionization spectrum of the component 
in the GLC peak was also identical to that of authentic oxycodone by the 
direct inlet method. 


17 Pharmacy Research Department, McNeil Laboratories, unpublished re- 
sults. 
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Since the metabolism of oxycodone has not been fully established, the 
GLC characteristics of the metaholite(s) are yet unknown. However, from 
the expected metabolic pathways of iminoethanophenanthrofurans (8), 
it may be speculated that the metabolites'have different retention in the 
GLC column than oxycodone under the same chromatographic condi- 
tions. Drugs usually coadministered with oxycodone such as acetami- 
nophen, aspirin, caffeine, and phenacetin do not interfere in the assay. 
Without derivatization, acetaminophen and aspirin do not pass through 
the GLC column while phenacetin and caffeine appear to be eluted with 
the solvent. 


The results of single-dose administrations of 4.5 mg of oxycodone hy- 
drochloride and 0.38 mg of oxycodone terephthalate to human subjects 
are listed in Table 11. The maximum plasma oxycodone levels ranged from 
17.0 to 36.5 ng/ml in the six subjects. After 8 hr, the oxycodone levels 
ranged from 1 .O to 14.3 ng/ml. 
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Abstract 0 Binding of the antimalarial n-dibutylaminomethyl-2,6- 
bis(trifluoromethylphenyl)-4-pyridinemethanol with human serum al- 
bumin was studied using difference spectroscopy, fluorescence quenching, 
and equilibrium dialysis. Results indicated that the number of high af- 
finity binding sites of the drug on protein is 0.45, with the total number 
of binding sites being 3.3-4.0. The binding constants were in the range 
of 0.57-4.00 X lo6 M - l .  The drug was bound more strongly to a nonionic 
detergent than to either a cationic or anionic detergent. Interpretation 
of these data and fluorescence quenching results indicated that the drug 
is possibly hound to a hydrophobic site on human serum albumin. 


Keyphrases 0 Pyridinemethanol, substituted-binding to human serum 
albumin Binding, protein-substituted pyridinemethanol to human 
serum albumin Antimalarials-1~-dibutylaminomethyl-2,6-bis(tri- 
fluoromethylphenyl)-4-pyridinemethanol, binding to human serum al- 
bumin n-Dibutylaminomethyl-2,6-bis(trifluoromethylphenyl)-4- 
pyridinemethanol-binding to human serum albumin 


Interest in protein binding of drugs led to an investiga- 
tion of the antimalarial a-dibutylaminomethyl-2,6-bis- 
(trifluoromethylpheny1)-4-pyridinemethanoll (I). The 
drug is 22 times more effective than quinine and is active 
against highly chloroquine-resistant Plasmodium berghei 
in mice2. There is a lack of information about binding of 
such pyridinemethanols to serum proteins. Such data are 
important to an understanding of the distribution, me- 
tabolism, and excretion of these antimalarials since only 
the fraction of drug unbound exerts chemotherapeutic 
activity (1,2).  


The hydrophobic alkyl side chains, the aromatic H- 


electrons, the hydrogen-bonding site (OH group), and the 
possible electrostatic interactions suggest that the drug 


' WR 148,946. 
2 P. S. Loizeaux, Walter Reed Army Institute for Research, personal communi- 


cation. 1976. 


H ~ O H  
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may have a high affinity for serum albumin (3). The lim- 
ited water solubility of the drug, even as the hydrochloride 
salt, makes the examination of binding affinity difficult. 
In this paper, the interaction of I with human serum al- 
bumin is examined by difference spectrophotometry, 
fluorescence quenching, and equilibrium dialysis. 


EXPERIMENTAL 


Apparatus and Chemicals-Compound I was supplied as the hy- 
drochloride salt?. Its purity was verified by TLC in three different solvent 
systems (4) and by mass spectral analysis. Human serum albumin4 was 
investigated for purity (5 ) .  The Ei:, values for the albumin were 6.36 
a t  279 nm and 190 a t  210 nm. Sorensen phosphate buffer, adjusted to pH 
7.4, was used. 


The dialysis membrane was prepared according to literature methods 
(6-8). Rigid, clear acrylic plastic dialysis cells (10 ml) were washed re- 
peatedly with distilled water and sonicated overnight in distilled water. 
Electronic absorption spectra5 were taken in I-cm silica cells. Fluores- 


Walter Reed Army Institute of Research, Washington, D.C. 
Armour and Co. 


r, Cary spectrophotometer, model 118, Varian Instrument, Palo Alto, Calif. 
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Abstract  0 Plastic ion-selective electrode analysis of the hydrophobic 
amine antimalarial mefloquine in blood samples was investigated. The 
direct electrode response in plasma samples provided poor drug sensi- 
tivity due to high mefloquine protein binding. The drug was analyzed 
in whole blood by initial extraction into ether as its trichloroacetate 
ion-pair. Mefloquine was monitored in whole blood extracts with the 
electrode to moderately low levels (to 0.4 jigiml). Rapid blmd mefloquine 
level monitoring by this electrode was demonstrated in a bioavailability 
study. Mefloquine alkylation with various alkyl halides produced de- 
rivatives detectable by the electrode a t  much lower levels (up to two or- 
ders of magnitude) than the parent. A kinetic study of this alkylation 
reaction revealed that an alkyl amine base was necessary to scavenge the 
acid produced during reaction and to allow the reaction to go to com- 
pletion. A t  room temperature, with benzyl bromide as the reagent, re- 
action was 99% complete in 30 min and mefloquine could be detected to 


M, a 100-fold improvement in sensitivity over electrode monitoring 
o !  underivatized mefloquine. 


Keyphrases 0 Electrodes, plastic ion selective-analysis, mefloquine 
and derivatives in blood, dogs, hydrophobic amines 0 Mefloquine- 
analysis, in blood, plastic ion-selective electrodes, derivatives o Hydro- 
phobic amines-mefloquine, analysis in blood, plastic ion-selective 
electrodes 0 Antimalarials-mefloquine, analysis in blood, plastic ion- 
selective electrodes 


Recent interest in routine drug level monitoring in bi- 
ological samples (e.g. ,  blood, plasma, and urine) for de- 
termining pharmacokinetic parameters and individual- 
izing dosage regimens had produced a need for analytical 
methods that can be practically applied in the clinical 
laboratory. These methods should be rapid, simple, and 
sensitive, should require minimal sample preparation, and 
should employ inexpensive instrumentation. 


One such method recently was reported (1) from these 
laboratories for urine methadone analysis. A plastic ion- 
selective electrode was used that detects hydrophobic 
cations in aqueous solutions (2 ,3) .  This report describes 
further studies quantitating hydrophobic amines to low 


levels in whole blood samples. Amines could be derivatized 
for detection by the plastic ion-selective electrode, in- 
creasing sensitivity up to two orders of magnitude. 


The  model compounds selected for these studies were 
the quinolinemethanol antimalarial series mefloquine (I), 
11, and 111, presently under investigation for the treatment 
of persistent disease caused by Plasmodia strains. Prob- 
lems associated with the blood concentration determina- 
tion of such hydrophobic amines include glass adsorption, 
protein binding, and poor sensitivity by conventional de- 
tection methods [e.g. ,  high-performance liquid chroma- 
tography (HPLC) using UV detection]. 


EXPERIMENTAL 


Materials-Metloquine, 11, and 111 were used as obtained’. The free 
mefloquine base was precipitated from an alkaline salt solution and re- 
crystallized from water-ethanol to a constant melting point (174-175’). 
Dodecyl, octyl, and hexyl iodides and tetrahutylammonium bromide were 
used as obtained from commercial sources. Renzyl bromide was freshly 
distilled (55-56”/0.03 mm Hg) under nitrogen and stored protected from 
light under nitrogen until used; a t  the first sign of a yellow color, fresh 
reagent was distilled. Methanol and acetonitrile were reagent grade and 
were distilled in glass prior to use. Electrodes were fabricated as described 
previously (1). 


Fresh whole hlood was obtained from beagle dogs and maintained 
under refrigeration until used, usually within 48 hr. Anticoagulants 
(usually sodium citrate) were added a t  collection. Plasma was prepared 
from whole h l d  by centrifugation a t  5ooO rpm for 40 rnin and collection 
of the clear supernatant fraction. 


Electrodes-Coated wire electrodes were prepared as previously 
descrihed (1). All electrodes were checked for response to tetrahutyl- 
ammonium ion before use, and a minimum -56-mvidecade slope (versus 
theoretical -59 mv) was required for electrode acceptability. 


Apparatus-All potentiometric measurements were made with a 


I Through INIWRx Research Corp.. Lawrence. Kans., f rom Walter Reed Army 
Research Institute. 
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5 ml of whole blood 


0.2 N sulfuric acid 


evaporate 
to dryness 


residue 


dissolve in acidic 
buffer with sonication 


PH 1"-4 


ether  


discard h aquec 


organic phase 
IS phase 


4 ml of 3% trichloroacetic acid 


pH 2.6 


3 x 10 ml of e the r  (adding 2 ml 
of 3% trichloroacetic acid to the 
aqueous layer) extractions 


A 
combine discard 


ether  extracts  aqueous phase 


1 x 1.0 ml of 5% sodium hydroxide 
solution 


2 x 10 ml of 10% ammonia solution 


H 
I + 


HO-y-CHLNH( C,H,)I 


H 
I 


I11 
quantitated by comparison of the unknown solution potential with a 
standard curve constructed after plastic electrode analysis of a series of 
samples containing known analyte amounts prepared in the matrix (e.g., 
plasma, whole blood, or water) in which the unknown was present. 


D i rec t  Plast ic  Ion-Selective Electrode Determinat ion in 
Plasma-Plasma samples (1.0 ml) spiked with mefloquine (0.414-414 
pg/ml) were adjusted to pH 4-5 with 0.3 ml of 0.1 N HCI, and the solution 
was diluted to 10 ml with water. Potentials were determined with the 
plastic electrode. Samples containing I1 were treated similarly; however, 
the pH was adjusted to 3 prior to electrode monitoring. 


Blood Mefloquine Analysis-Fresh whole blood samples containing 
mefloquine were transferred to 35-ml heavy duty screw-capped culture 
tubes and extracted by the ion-pair technique (4)  (Scheme I).  The ex- 
tracts were evaporated to dryness, and the residue was redissolved in 250 
pl of acetone and 4.75 ml of 0.001 M phosphate buffer (pH 6.0). Extracted 
blanks, used as standards, were spiked with known mefloquine amounts 
before dilution with buffer. The plastic electrode response was deter- 
mined and transformed to concentration units by comparison of the re- 
sponse with a standard curve constructed by analysis of whole blood 
samples spiked with known mefloquine amounts (0.414-41.4 pg/ml). 


Mefloquine Derivation with Benzyl Bromide-Alkylation kinetics 
were determined with 2-ml samples containing mefloquine (7 x lo-' M )  
dissolved in acetonitrile to which was added 200 pl of benzyl hromide. 
The mixture was analyzed by HPLC. Samples (50 pl) were withdrawn 
a t  timed intervals and diluted with methanol (to 1.0 mll, and a 50-jd al- 
iquot was chromatographed. Components were eluted isocratically with 
methanol-0.012 M ammonium dihydrogen phosphate (6931)  pumped 
through the system a t  2 ml/min. Standard methanolic mefloquine (V, 
= 9.1 ml) and N-benzylmefloquine (V, = 11.5 ml) solutions were injected 
periodically to determine if instrument performance was deterio- 
rating. 


For characterization purposes, N-alkylmefloquines were synthesized 
by refluxing equimolar alkyl halide and I in acetone (acetonitrile for 
benzyl bromide) for 48 hr. The mixture was cooled and diluted threefold 
with ether, and the product was precipitated as the hydrochloride salt 
by the addition of one volume of 5% hydrochloric acid. The solid was 
collected and recrystallized from ether-acetone or methanol-water, and 
its structure was confirmed by elemental analysis. 


Animal Studies-Beagle dogs were given mefloquine orally as a 
250-mg tablet4 followed by 100 ml of water by gastric lavage or as an in- 
travenous bolus of 50 mg of mefloquine in 5 ml of 20% propylene gly- 
col-6% dextrose solution into one jugular vein over 2 min. Blood samples 
( 5  ml) taken from the other jugular vein just prior to drug administration 
and a t  various times postadministration were processed by ion-pair ex- 
traction and were analyzed with the plastic ion-selective electrode. 


RESULTS AND DlSCUSSlON 


Solutions containing mefloquine, 11, or Ill prepared in dilute aqueous 
N HzS04) could be quantified by direct measurement with acid 


* Corning 476017. 
3 r8ondapak C18. Waters Associates. Milford, Mass. Lot 8-512, INTERx Research Corp., Lawrence, Kans. 
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-LOG CONCENTRATION 
Figure 1-Plastic ion selective response to hydrophobic antimalarials. 
Key: 0, mefloquine in lo-' N HzSO,; 0, I1 in N HCl containing 
0.1 


the plastic ion-selective electrode. The potential response was linearly 
related to analyte concentration over three orders of magnitude (Fig. 1). 
In this simple aqueous matrix, measurements could be made with f4% 
accuracy and f 2 %  precision over the linear concentration range. 


Electrodes were thoroughly washed with deionized water (e.g., 5 min) 
after removal from sample solutions to achieve this accuracy and preci- 
sion. After determinations in more concentrated solutions, electrodes 
were immersed in stirred deionized water for 3 hr and air dried before 
reuse on a dilute sample. Failure to take such precautions reduced ac- 
curacy and precision and produced meaningless results. 


The electrode response increased with the analyte hydrophobicity. For 
the mnre hydrophobic drugs (11 and III), sensitivity approaching 
M could be achieved; mefloquine could be quantified to M. The 
Nernst equation predicts a change of 59 mv/decade in the activity of a 
species to which the electrode responds (5). A near-Nernstian linear re- 
sponse was observed in aqueous acid. The slightly super-Nernstian slopes 
(>59 mv) seen with the more hydrophobic compounds may arise from 
alterations in the membrane caused by adsorbed analyte, producing a 
more favorable environment for subsequent analyte partitioning into the 
membrane phase, an explanation consistent with the proposed mecha- 
nism for the plastic ion-selective electrode (3) .  


Direct Determination of Plasma Antimalarials-Compared with 
aqueous solutions, a loss of two orders of magnitude in sensitivity was 
observed for plastic ion-selective electrode response to mefloquine and 
I1  in buffered plasma. In both cases, linear responses were observed, al- 
though slopes were sub-Nernstian (I. -49 mv; and 11, -53 mv). This loss 
in sensitivity is accounted for by the extensive protein binding observed 
with hydrophobic molecules (6), which reduces the free drug activity in 
solution. Mefloquine is 9896 protein bound in plasma (7). 


Attempts to dislodge mefloquine from protein binding sites and 
thereby to allow detection at  lower levels by pH manipulation or heat 
denaturation were unsuccessful. Sample matrix effects severely hampered 


methanol; and 0 ,  III in N HC1 containing I ?A methanol. 
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Figure 3-Blood mefloquine level versus time profile after intravenous 
administration of 50 mg of the drug (as the hydrochloride) to a beagle 
dog. 


the assay accuracy ( f25%) and precision when carried nut directly in 
biological fluid. Therefore, methods were necessary to remove the drug 
from the biological matrix prior to plastic ion-selective electrode moni- 
toring. 


Blood Mefloquine Analysis-The drug was separated from blood 
components by extraction. Direct extraction from neutral or basic solu- 
tion was ineffective because of drug loss due to adsorption to glass sur- 
faces; interference from endogenous amines coextracted from blood, 
especially when derivatization with alkyl halides was indicated; and in- 
complete dissolution into aqueous acid after evaporation of the extracts 
to dryness, apparently due to lipid material coextracted with the drug. 
Therefore, a more selective, ion-pair extraction was used for mefloquine 
isolation (Scheme I). 


Nakagawa et a / .  (4) showed that mefloquine was extracted into ether 
from blocd acidified to pH 3 as a 1:1 ion-pair with trichloroacetate, giving 
excellent recoveries (88-100%) over a broad concentration range (1- 1000 
ng/ml). Initial extraction of acidified blood with ether in the absence of 
an ion-pairing agent removed acidic compounds, lipids, and other neutral 
materials that  may otherwise have interfered with subsequent drug de- 
tection. The extraction scheme (Scheme I) utilized ether, an electron- 
donating species, as the extractant instead of the proton-donating solvent 
(e.g., chloroform) normally indicated for solvation (extraction) of a large 
cation-small anion ion-pair (8). This procedure minimized extraction 
of potentially interfering, less hydrophobic amines while maintaining 
efficient analyte recovery (9). 


The extracted drug was reconstituted in aqueous buffer (pH 6.0), and 
the concentration was determined using the plastic electrode. The plastic 
electrode potential versus the log of the spiked blood sample-concen- 
tration curve (Fig. 2) indicated a linear response to M drug (0.4 fig/ml 
free base), the same limit found in aqueous systems. Extractive meflo- 
quine removal from biological fluid returned the analyte to a more uni- 
form matrix. Measurements could be made with f 8 %  accuracy and f6% 
precision. These statistics also reflect the sample to sample variation 
( f5%) in mefloquine extraction efficiency from a biological sample. 


0.61 R 


I I  1 1 \ 
4 5 6 


-LOG [MEF LOQUINEI 
Figure 2-Plastic ion-selective electrode determinrition o/ mefloquine 
in ion-pair extracts n/uu:hole blood dissolved in 5% acetone-pH 6 buffer 
spiked before (0 )  and after (0) extraction. Potential was measured 
versus a saturated calomel electrode. 
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Figure 4-Blood mefloquine level versus time profile after oral ad- 
ministration of 250-mg niefloquine hydrochloride tablet to a beagle 
dog. 
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-LOG (N-ALKYLMEFLOOUINE) - 
Figure 5-Plastic ion-selective electrode response to N-alkylmeflo- 
quines in  10-4 N H~SOJ (dodecyl solutions contained 1 %  methanol). 
Potential was measured versus a saturated calomel electrode. 


The depressed slope (-47 mv versus a theoretical slope of -59 mv) was 
consistently seen with blood extracts and may have been due to some 
undefined effect of coextracted blood components on electrode response. 
Nonetheless, a linear response over the range of interest is adequate as 
a useful analytical detector. Blank blood samples were alternatively 
spiked after ion-pair extraction and used to generate a standard response 
curve (open circles in Fig. 2). An apparent consistent -85% recovery (as 
determined by deviations from the theoretical 10096 response line in Fig. 
2) was indicated by this method, in good agreement with literature results 
over this concentration range (4). 


The use of this method for bioavailability studies evaluating various 
mefloquine formulations in dogs was demonstrated by analyzing blood 
samples drawn from two beagles after administration of two experimental 
formulations. The resulta (Figs. 3 and 4) indicate adequate sensitivity 
for formulations having good availability but limited accuracy beyond 
peak levels for poorly absorbed formulations. 


Amine Derivatization for Plastic Ion-Selective Electrode De- 
tection-After hydrophobic amine isolation by a relatively selective 
procedure such as ion-pair extraction, simple alkylation with a relatively 
lipophilic alkyl halide prior to plastic ion-selective electrode detection 
provided a rapid method for dramatically increasing detector sensitivity. 
Figure 5 illustrates the increased sensitivity limits to various N-alkylated 
mefloquine derivatives, showing up to two orders of magnitude im- 
provement in sensitivity over the parent compound. N-Dodecylmeflo- 
quine required an organic cosolvent (1% methanol) to achieve dissolution 
and showed an erratic response to the plastic electrode. The octyl de- 
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Figure 6-Effect of added hydrobromic acid and 2,6-di- tert-butylpy- 
ridine on the percent of mefloquine ((mefloquine]o = 7 X M) 
converted to N-benzylmefloquine as a function of time. K e y  ((hydro- 
bromic acid]): 0 , U . O ;  0,3 .5  x 10-5 M; 0, 7 X loA5 M;and 0 , 7  X 
M plus 2.8 X 10-3 M 2,6-di-tert-butylpyridine. 


-LOG (AMINE) 
Figure 7-Plastic electrode response to 2,2,6,6-tetramethylpiperidine 
(0) and to N-benzylmefloquine in the presence (0 )  and absence (0) 
of excess benzyl bromide in N H2.904. Potential was measured 
versus a saturated calomel electrode. 


rivative showed the same super-Nernstian slope (-65 mv) previously 
observed for I1 and 111 and may be similarly explained. 


T o  optimize reaction conditions for alkylation of nanogram quantities 
of mefloquine from blood extracts, a brief study of alkylation reaction 
kinetics was undertaken. Of the alkylated mefloquines, the octyl and 
benzyl derivatives were the most likely derivatives for plastic electrode 
detection, the former because.of its greater sensitivity and the latter 
because of i ts  anticipated faster formation rate from I. Only the benzyl 
bromide-mefloquine reaction kinetics were studied in detail since pre- 
liminary experiments indicated that the reaction rate between octyl io- 
dide and the drug was too slow to be useful as a derivatization proce- 
dure. 


Amine alkylation rates involving bulky reactants are slow (10). 
Therefore, a large (10,000-fold) alkyl halide excess was used to acceIerate 
the reaction rate since the amine concentration available for the presumed 
secord-order reaction was small. Benzyl bromide (neat) was added to 
stirred mefloquine free base solutions in acetonitrile; aliquots were pe- 
riodically removed, the reaction was quenched in methanol, and the 
mefloquine and N-benzylmefloquine concentrations were determined 
by HPLC. Essentially 100% of the initial mefloquine concentration could 
be accounted for by the parent and N-benzylmefloquine peaks in all 
experiments, indicating that no unexpected side reactions were occurring; 
no detectable benzyl bromide loss was observed under the reaction con- 
ditions, indicating that the reagent was stable over the reaction pe- 
riod. 


Initial mefloquine benzylation studies gave unexpected results. The 
reaction proceeded rapidly initially, but the rate declined substantially 
after less than half the mefloquine had been consumed. Furthermore, 
the data could not be plotted in the expected pseudo-first-order manner. 
The reaction could be of a higher order than the assumed first-order 
dependency, which would produce an exaggerated drop in rate as amine 
was consumed. Variation in initial mefloquine concentration, however, 
failed to show the concentration dependence that would be expected for 
such a mechanism. 


If the reaction proceeded by an s N 1  mechanism and bromide ion ef- 
lectively competed with the amine for the reactive benzyl carbonium ion, 
a depression in rate would be expected as the bromide-ion concentration 
increased over the reaction course. Addition of relatively high bromide- 
ion concentrations (two times the initial mefloquine concentration) failed 
to depress the reaction rate, eliminating this possibility. Addition of 
hydrogen bromide to the reaction mixture, however, depressed the re- 
action rate (Fig. 6). indicating that hydrogen bromide produced during 
the reaction was protonating the secondary amine, effectively reducing 
the mefloquine concentration available for alkylation and, therefore, the 
rate. Addition of a sterically hindered (to prevent alkylation) pyridine 
base (2.6-di-tort-butylpyridine) failed to reverse the hydrogen bromide 
effect (Fig. 6).  However, when 2,2,6,6-tetramethylpiperidine was added 
to the reaction mixture, the expected first-order plot was obtained, in- 
dicating that piperidine is a significantly stronger base in acetonitrile than 
pyridine and, therefore, capable of more effectively trapping the liberated 
hydrogen bromide. 


Under the reaction conditions employed (5 p1 of benzyl bromide/50 
pl of acetonitrile solution of the amine to be determined, containing 0.001 
M piperidine base), the pseudo-first-order rate constant (0.146 min-') 
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predicts that the reaction is essentially (-99%) complete after 30 min at  
room temperature. 


As shown in Fig. 7, 1001 dilution of this reaction mixture with 10-4 
N H2S04 allowed direct plastic electrode determination of the alkylated 
amine without separation from the excess reactants since no interference 
from benzyl bromide or the piperidine base was seen. 


CONCLUSION 


Previous reports reviewed the many difficulties in handling and ana- 
lyzing hydrophobic amines in biological samples, including glass ad- 
sorption, protein binding, and poor detector sensitivity (11-15). Coupled 
with ion-pair extraction, the plastic ion-selective electrode detection 
method described here offers potential advantages for efficient isolation 
and quantitation of hydrophobic drugs in whole blood a t  low levels. 
Furthermore, the derivatization procedure affords a means of enhancing 
plastic electrode detector sensitivity up to two orders of magnitude and 
may, therefore, extend the applicability of the method to other, less hy- 
drophobic primary and secondary amines. 
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Abstract  Different approaches for the colorimetric determination of 
acetaminophen, based on its coupling with diazotized o-nitroaniline, are 
described. Copper(I1) chelation with the coupled compound makes the 
method highly selective. Sensitivity is increased when the acetaminophen 
assay is carried out indirectly through the determination of the chelate’s 
copper content. Optimum conditions for performing the different ap- 
proaches are described. The stoichiometric halance for the reactants in 
the coupled compound and chelate is determined. The degree of disso- 
ciation and the instability constant are computed. The rectilinear rela- 
tionship between the absorhance of‘ the different products and the con- 


centration of acetaminophen allows for its determination in different 
pharmaceutical formulations. Compared with the official method, the 
proposed methods give more accurate results. 


Keyphrases 0 Acetaminophen-analysis, colorimetry, various phar- 
maceutical formulations 0 Colorimetry-analysis, acetaminophen in 
various pharmaceutical formulations 0 Analgesics--acetaminophen, 
analysis, colorimetry, various phartnoceutical formulations 0 Antipy- 
retics-acetaminophen, analysis, colorimetry, various pharmaceutiral 
formulations 


Acetaminophen hydrolysis with subsequent condensa- 
tion with anisaldehyde ( l ) ,  p-dimethylaminobenzaldehyde 
(2), p-dimethylaminocinnamaldehyde (3), or vanillin (4) 
or reaction with alkaline 2-naphthol ( 5 )  has been used for 
colorimetric acetaminophen determination in unit-dose 
formulations. Other methods were based on the reaction 
with phenol together with hypobromite (6 ) ,  hypochlorite 
in the presence of metaarsenite (7), or ferricyanide (8). 
Nitrosatin (9) and nitration (10 , l l )  were utilized also for 
colorimetric determination. Most of these methods are not 
selective. 


The  fluorometric method, based on acetaminophen 
oxidation with alkali ferricyanide (12, 13) or on its hy- 
drolysis followed by reaction with benzylamine (14), is 
sensitive to  many interfering substances present in phar- 
maceutical formulations, 


Acetaminophen was also determined by cerimetric ti- 
tration (15, 16), gravimetry (17), titration of the hydrolytic 
product with nitrite (18), and polarography (19). These 
methods are not sufficiently sensitive. 


Acetaminophen, containing the acetamido group 
NHCOCHs, was determined by hydrolysis, diazotization 
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Rapid, Sensitive GLC Determination of 
Pentobarbital and Other Barbiturates in Serum Using 
Nitrogen - Specific Detect or 
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Abstract A GLC method for the analysis of pentobarbital in serum 
was developed. After extraction from serum, a methyl derivative was 
prepared and quantitated by nitrogen-specific detection. The method 
has a sensitivity of 0.08 pg/ml for pentobarbital with only 0.1 ml of serum. 
Swoharhital was the internal standard. Derivatives of other barbiturates 
also were prepared. 


Keyphrases D Pentoharhital-GLC analysis in serum Barbiturates, 
various-GLC analysis in serum D GLC-analysis, pentobarbital and 
various harhiturates in serum 0 Sedatives-pentobarbital and various 
harhiturates, GLC analysis in serum 


The  GLC determination of pentobarbital and other 
barbiturates in biological fluids using flame-ionization 
detection has been reported extensively (1-1 1). The 
compounds are not readily gas chromatographed without 
derivatization and require carefully prepared columns, 
especially when nanogram amounts are injected. Recently, 
Sun and Chun (12) reported a sensitive GLC procedure, 
using electron-capture detection on the pentafluorobenzyl 
derivative of pentobarbital after serum extraction. How- 
ever, it required numerous cleanup steps before GLC 
analysis. Brochmann-Hanssen and Oke (13) methylated 
the barbiturates by the flash-heater methylation technique 
with trimethylanilinium hydroxide. 


Dunges and Bergheim-Irps (14) used methyl iodide for 
derivative formation with some barbiturates in pure drug 
form (the unformulated barbiturates) with subsequent 
flame-ionization detection. This paper reports a modifi- 
cation of their procedure (14) for the determination of 
pentobarbital in serum, using a nitrogen-specific detector 
to achieve selectivity and sensitivity. 


EXPERIMENTAL 


Reagents and Materials-Pentobarbital', secoharhita12 (the internal 
standard), and methyl iodide3 were used as supplied. Ether4 and other 
chemicals were analytical reagent grade. 


Apparatus--A mixer5 and refrigerated centrifuge6 a t  10" were used. 
Methyl derivative formation a t  56" was carried out on a heating 
block'. 


GLC-A reporting gas chromatographR equipped with a dual nitro- 
gen-phosphorus flame-ionization detectorg, a computing integratorlo, 
and an automatic sampler" were used. The glass column, 1.22 m X 2 mm 
(i.d.1, was packed with 2% 0V-1Ol1* on 100-120-mesh Chromosorb 
WHP. 


I Abbott 1.ahoratories. North Chicaeo. 111. 
Eli IAly Co., Indianapolis. Ind. 


1 ,I. 1' Raker Chemical Co.. Philliosbure. N.J ~.~~~~ ~~ 


Mallinckrodt Chemicals, St. I.o;is, Mi:  
Vortex Genie model K-550-GT. Scientific Industries, 


6 Model RC-3, Sorvall, Newtown, Conn. 
Ifri-block DB-3,'I'echne. Princeton, N.J. 
Model 5830A, Hewlett-Packard, Avondale, Pa. 


9 Model 18789, Hewlett-Packard. Avondale, Pa. 
1" Model 18850A, Hewlett-Packard, Avondale, Pa. 
l 1  Model 7671A. Hewlett-Packard, Avondale. Pa. 
12 Hewlett-Packard, Avondale, Pa. 


Springfield, Mass. 


The operating conditions were: column oven temperature, 140"; de- 
tector temperature, 250O; injection port temperature, 160"; helium carrier 
gas flow rate, 40 mllmin; hydrogen flow rate, 3 mllmin; air flow rate, 50 
mllmin; and recorder attenuation, 16. 


Preparat ion of Standards-The pentobarbital serum standard of 
15 pglml was prepared from a standard solution of 500 pglml in methanol. 
Other serum standards a t  0.1,0.25,0.5,1.0, 2.5,5.0,7.0, and 10.0 pg/ml 
were prepared from serial dilutions of this standard with serum. For 
human studies, serum standards up to 2.5 pg/ml were used; this range 
covered the human serum pentobarbital levels expected after oral ad- 
ministration of a 100-mg dose of pentobarbital sodium (12). 


The internal standard of 8 pglml in distilled water was prepared from 
a standard solution of 200 pg/ml in methanol. 


Extraction and Derivatization Procedure-To a 15-ml conical glass 
centrifuge tube were added 0.1 ml of the internal standard solution, 0.1 
ml of serum sample, 0.1 ml of 0.2 N HCI, and 5 ml of ether. After mixing 
for 15 sec twice and centrifuging a t  2500 rpm for 3 min a t  10". 4 ml of 
organic layer was transferred into a conical tube and evaporated to dry- 
ness a t  45O with filtered air. To the dry residue were added 0.5 ml of ac- 
etone, 0.1 ml of methyl iodide, and about 5 mg of sodium carbonate. 


The mixture was capped, agitated, heated a t  56" for 30 min. and then 
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Figure 1-GLC tracings of extracted serum samples containing various 
amounts of pentobarbital. Key: I ,  serum blank; 11, serum pentobarbital 
standard at 0.1 pglml; I l l ,  serum pentobarbital standard at 1.0 pglml; 
I V ,  serum pentobarbital standard at 10.0 pglml; A, pentobarbital;and 
B, internal standard (secobarbital). 
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Figure  2-GLC tracings of 
N,N'-dimethyl deriuatiues of 
barbiturate mixtures. Key: 1, re- 
agent blank (composed of 0.5 ml of 
acetone, 0.1 ml of methyl iodide, 
and 5 mg of sodium carbonate); I t ,  
pure drug reacted (as N,N'-di- 
methyl deriuatives of barbiturates 
injected as 5 p l  of the completed 
reaction solution); 111, serum 
blank extract; I V ,  serum extract 
containing different barbiturate 
deriuatiues; a ,  barbital and 
metharbital; b, altobarbital; c, 
aprobarbital; d ,  butabarbital, bu- 
tethal, and butalbital; e, amobar- 
bital; f ,  pentobarbital and thio- 
pental; g, secobarbital; h,  hexe- 
thal; i ,  hexobarbital; and j 9  me- 
phobarbital and phenobarbital. 


I 


I I 1 1  I I t  I I 1 I I I I  I I I 1 I t  1 I I L L 
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Table I-Assay Reproducibility: Se rum Pent.obarbita1 
Concentration (Micrograms per Milliliter) 


Observed 
Theoretical Meann f SD RSD, Ok, 


0 
0.10 
0.25 
0.50 
1 .oo 
2.50 
5.00 
7.50 


10.00 
15.00 


Average 


n 
0.100 i 0.0100 
0.227 f 0.0153 
0.487 f 0.0379 
1.033 f 0.0493 
2.490 f 0.01 73 
4.987 f 0.2021 
7.590 f 0.0529 
9.957 f 0.0907 


14.973 f 0.4822 


- 
10.0 
6.7 
7.8 
4.8 
0.7 
4.0 
0.7 
0.9 
3.2 
4.3 


0 Mean of three determinations at each concentration. 


cooled to room temperature. The supernate was transferred into a GLC 
microvial'2, and 5 pI was injected into the GLC column with the automatic 
sampler". 


RESULTS AND DISCUSSION 


The peak area ratio of pentobarbital to the internal standard was 
plotted against known standards of pentobarbital, expressed as micro- 
grams per milliliter in serum. Values for unknown concentrations of 
pentobarbital in serum were calculated from this standard curve using 
a least-squares regression method. 


Under the assay conditions, pentobarbital and the internal standard 
had retention times of 3.11 and 3.80 min, respectively (Fig. 1). 


The precision of the assay is reported in Table I. Relative standard 
deviations ranged from 0.7 to 10.0%, with an average relative standard 
deviation of 4.3%. Statistical evaluation of the peak area ratioatO.l pglml, 
using a one-sided tolerance limit test, showed that the sensitivity was less 
than 0.1 pglml. The calculated sensitivity of the assay was about 0.08 
pglml, calculated by least-squares linear regression for concentrations 
from 0 to 0.5 pglml (Table 11). Sensitivity was defined as the concentra- 
tion calculated by linear regression analysis to give any response greater 
than zero in 95% of the samples. 


The accuracy of this assay was tested by analyzing 18 unknown serum 
samples spiked with pentobarbital sodium under blind conditions (Table 


MINUTES 


Table 11-Sensitivity of Se rum Pentobarbital  Assay a 


Serum 
Pentobarbital Concentration, pglml Peak Area Ratiob 


0 0 
0 
0 


0.10 0.005 
0.007 
0.006 


0.25 0.021 
0.018 
0.022 


0.5 0.055 
0.047 
0.048 


Least-squares linear regression calculation: number of points, 12; slope, 0.1019 
f 0.0089; y-intercept f 95% confidence limit. -0.00258 f 0.00637; correlation 
coefficient, 0.988; and calculated sensitivity, 0.080 ( p g h l ) .  Pentobarbital to the 
internal standard. 


Table  111-Accuracy of Se rum Pentobarbital  Assay 


Serum Pentobarbital Concentration, pglml Difference, 
Unknown Theoretical Observed Difference % 


1 0 0 n n 


0.50 0.53 0.03 6.0 
7 0.75 0.72 -0.03 4.0 
8 1.00 1.01 0.01 1 .o 
9 1.75 1.72 -0.03 1.7 


10 2.50 2.44 -0.06 2.4 
11 3.75 3.62 -0.13 3.5 
12 5.00 5.22 0.22 4.4 
13 6.25 6.17 -0.08 1.3 
14 7.50 7.53 0.03 0.4 
15 8.75 8.46 -0.29 3.3 
16 10.00 9.95 -0.05 0.5 
17 12.50 12.28 -0.22 1.8 
18 15.00 15.14 0.14 0.9 
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111). The assay error exceeded 5% for all samples containing 0.50 pg/ml 
or less of pentoharhital. The assay error was below 5% for all samples 
containing pentoharhital between 0.75 and 15.0 pglml of serum. 


The method is specific for pentobarbital. Except for thiopental, it was 
resolved from 13 other barbiturates (Fig. 2). A similar quantitative de- 
termination for these barhiturates should he applicable. 


This rapid assay can be used to conduct single oral dose pentobarbital 
bioavailahility studies in adult and pediatric patients using only 0.1 ml 
of' serum. This procedure also is applicahle to the general screening of 
some other harhiturates in biological fluids. 
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Abstract IJ Anthralin and its decomposition products were separated 
by both column chromatographic and TLC techniques. Two decompo- 
sition products were characterized by TLC, melting-point data, and IJV 
and IR spectroscopy. Pure anthralin and i t s  decomposition products also 
were determined quantitatively. 


Heyphrases 0 Anthralin-column chromatographic and TLC analysis 
and separation from decomposition products 0 Chromatography, col- 
umn analysis and separation of anthralin from decomposition products 
o 'I'IL-analysis and separation of anthralin from decomposition 
products Decomposition products, anthralin - column chromato- 
graphic and TLC analysis and separation Antipsoriatic agents-an- 
thralin, column chromatographic and TIX analysis and separation from 
decomposition products 


The first use of anthralin (1,8,9-anthracenetriol) for 
topical therapy of psoriasis was noted in a report on 
chrysarobin, a related compound, in 1878 (1). Psoriasis is 
a skin disease characterized in part by epidermal hyper- 
plasia and, therefore, should be controllable with an- 
timetabolic drugs. It has been assumed that anthralin acts 
by blocking cell division (2). Although local treatment of 
psoriasis vulgaris with corticosteroid creams under plastic 
occlusion is accepted widely, psoriasis is still treated with 
anthralin pastes (USP XIX) (3-6). 


In treating psoriatic lesions with commercial anthralin, 
two side effects were documented: staining of skin and 
clothing and irritation of surrounding normal skin. An- 
thralin is relatively unstable in the presence of air, light, 
and heat (7). Since commercial anthralin samples contain 
degradation products, it was not clear what relationship 
existed between anthralin and its degradation products 
with regard to  therapeutic effectiveness and side effects. 
It was reported (2, 8, 9) that any therapeutic effect in 


Table I-Rf Values for  Anthralin and Its Decomposition 
Products 


Rf (XlOO) 
Anthra- Dan- Dian- 


Solvent System Plates lin thron throne 


Benzene-cyclohex- Silica 42 35 21 


Benzene-cyclohex- Silica 31 20 11 


ane-methanol 
( 15:15:0.25) 


ane-acetic acid 
(15: 15:O.s) 


ane-methanol treated silica 
(1 5: 150.25) 


ane-acetic acid treated silica 
(15:15:0.5) 


Benzene-cyclohex- Compound I -  54 41 27 


Benzene-cyclohex- Compound I- 32 20 7 


psoriasis results from anthralin and not its decomposition 
products. These findings supported that of Comaish et al. 
(lo), who noted that discolored anthralin pastes (possibly 
containing large amounts of the quinone) are ineffective 
in treating psoriasis. 


The aims of the present research were to investigate the 
purity of a commercial anthralin sample and to  separate, 
identify, and determine any decomposition products in 
order to judge the stability and the potency of preparations 
of the drug as an antipsoriatic agent. 


EXPERIMENTAL 


Materials-Commercial anthralin NF and reference samples of an- 
thralin, danthron, and dianthrone were used as received'. All solvents 


I Pfaltz and Beuer, Stanford, Conn. 
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Plasma and Urine Ephedrine Concentrations following 
Single Doses 
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A b s t r a c t  0 An electron-capture GI,C procedure for determination of 
plasma ephedrine concentrations is described. T h e  procedure is capable 
of determining 2 ng/ml of ephedrine and is adequate for following profiles 
after 25-mg single doses. Pentane extraction of the drug and the internal 
s tandard and formation of the N-pentafluorohenzoyl derivatives were 
followed by GLC. Plasma ephedrine concentrations following a 24-mg 
dose of ephedrine hydrochloride to a human volunteer are presented. 
Formation of N-trifluoroacetyl, N-pentanuoroprol)ionvI, N-heptal lu-  
orobutryl, and N -pentafluorobenzoyl derivatives and their GLC-mass 
spectrometric identification are discussed together with comparative 
electron-rapture sensitivities of  these derivatives toward a nickel-63 
detector. The  detection of the N-pentafluorohenzoyl derivative oi' 
ephedrine is a t  least 100-fold greater in sensitivity than detection of t  he 
N-trifluoroaretyl derivative. 


Keyphrases 0 Ephedrine-electron-capture GL( '  analysis in human 
plasma and urine o Electron-capture CLC-comparison 01' various 
lluoroacyl derivatives of ephedrine o GLC, electron capt  ure-analysis, 
ephedrine in plasma and urine 


Ephedrine (I)  is widely used in the treatment of asthma, 
either alone or in combination with theophylline and a 
barbiturate. Several GLC methods (1-4) are adequate for 
determining plasma and urine ephedrine concentrations 
following therapeutic doses but are not sensitive enough 
for single-dose pharmacokinetic and bioavailability 
studies. 


GLC with flame ionization has been used to estimate 
ephedrine and its congeners in urine (1). Heptafluo- 
robutyryl ephedrine derivatives following benzene ex- 
traction of basified serum were used for electron-capture 
analysis of blood levels a t  therapeutic dosages ( 2 ) .  Previ- 
ously reported procedures have been insufficiently sensi- 
tive for clinical use (3 ,4) .  


No details are available on a modification of an elec- 
tron-capture GLC assay for pseudoephedrine and nor- 
pseudoephedrine, which may have the sensitivity required 
for single-dose bioavailability studies (5). 


A simple and specific electron-capture GLC assay of 
ephedrine and norephedrine is described. This procedure 
has a 2-ng/ml sensitivity and is used routinely for assay of 
ephedrine bioavailability following a single dose of the drug 
either alone or in combination with theophylline and a 
barbiturate. 


EXPERIMENTAL 


Reagenta-Class-distilled n -pentanel and analytical grade amyl ac- 
etate' were employed. Pentafluorobenzoyl chloride,'. trifluoroacetic 
anhydride3, heptafluorobutyric anhydride". pentatluoropropionic an-  
hydride3, and pyridine3 were ell GLC grade. d,/-Ephedrine hydrochlo- 
ride4, d,l-norephedrine hydrochloride", and 3,4-dimethoxyamphetamine 


I Caledon Laboratories Ltd., Georgetown. Ontario. Canada. 
2 British Drug House, Toronto. Ontario, Canada. 
3 Pierce Chemical Co.. Rwkford I l l .  
4 Dr. Keith Bailey. Drug Identification Division, Drug Research Laboratories. 


Health Protection Branch. Ottawa, Ontario. Canada. 


hydrochloride4 were donated. d,l-Ephedrine5 free base, p-hydroxy- 
ephedrine?, and  p - h y d r ~ x y n o r e p h e d r i n e ~  were purchased. All other 
chemicals were analytical reagent grade. 


Stock solutions of I (100 &nl) and the  internal standard 3,4-di- 
methoxyamphetamine (11) (100 j q l m l )  were prepared weekly by dis- 
solving their hydrochloride salts in wat,er. Appropriate dilutions were 
made daily as  required. 


P l a s m a  Level Study-Ephedrine hydrochloride (24 mg) was ad-  
ministered in a combination tablet6, which also contained theophylline 
( 130 mg) and phenobarbital (8 mg), to a healthy 67.6-kg male volunteer. 
Hlood samples. 10 ml, were withdrawn from the cubital vein into hepar- 
inized tubes7 a t  10 appropriate time intervals. T h e  blood samples were 
centrifuged, and  the plasma was transferred t o  another tube before 
storage at  -loo. 


E x t r a c t i o n  of Ephedrine-To 1 ml of plasma or 0.1 ml of urine di- 
luted to  1 ml with distilled water, in a 15-ml glass round-hottom tubea, 
were added 1 ml o f  oqueous solution of I1  (100 ng/ml) and 0.5 mi of 10 N 
NaOH. T h e  sample was mixedg for 30 sec, and 7.0 ml of glass-distilled 
pentane' was added before mixing"' for 10 min followed by centrifuga- 
t ioni i  (5 min at  0" a t  6OOO rpm). The  clear organic extract was transferred 
tiy Pasteur pipet to an 8-ml polytefi2-lined, screw-capped, round-bottom 
tuhelJ .  


Pentafluorobenzoyl chloride3, 0.1% in pentane (200 @I),  was added to 
the  extract. T h e  tube was tightly stoppered and incuhated"at 65" for 
90 min. Then  the  tube was allowed to reach room temperature, and a 
small antihumping granule2 was added. T h e  sample was evaporatedl4 
a t  65" without nitrogen until jus t  dry. 


T o  the dried reaction mixture, 0.5 ml of 0.1 N NH40H was added and 
the sample was mixed9 for 30 sec. Amy1 acetate2 (50 pl) was added. and 
the sample was mixedg for 30 sec and centrifugedI5 for 2 min a t  2500 rpm. 
Approximately 25 p1 of the amyl acetate solution was transferred to a 1 -ml 
disposable screw-capped viali3. About 2-3 pl of the  sample was injected 
into the gas chromatograph. 


GLC-The gas chromatographI6 was equipped with a "Ni electron- 
capture detector. T h e  column was a spiral glass tubei7. 0.9 m long X 2.0 
m m  i.d.. packed with 3% phenyl cyanopropyl methyl siliconeiR coated 
by fluidization on acid-washed, dimethylchlarosilane-treated. 100- 
1 '()-mesh, high-performance, flux-ralcined diatomite support'g. 


T h e  column was conditioned a t  245O for 48 hr with low nitrogen flow. 
For plasma analysis, the  injection port, outlet, and oven temperatures 
were 250,260, and 2 3 5 O ,  respectively. Argon-methane (955) as  a carrier 
gas wa? maintained a t  93 ml/min. T h e  6"Ni detector was operated a t  325' 
with a standing current of 3.0 namp. 


For detcrmination of the response of various ephedrine derivatives, 
the column was  operated from 170 to  230'. T h e  detector was operated 
at a standing current  of 2.0 namp.  


Calculations-Peak height ratios were calculated by dividing the peak 
height from the  N-pentafluorobenzoyl derivative of I (1.40 min) by that 
o f  the  N-pentafluorobenzoyl derivative of 11 (3.82 min). Calibration 


Aldrich Chemical Co., Milwaukee. Wis 
i; Tedral., Warner-Chilcott Laboratories co.. Toronto. Ontario. Canada 
' Vacutainers. Becton Dickinson and Co , Mississauga. Ontario. Canada 
" ( h e x .  Sorvall Inc., Newtown. Conn. 


I n  Kvapo-Mix. Fisher Scientific Co.. Montreal, Quebec, Canada 
1 1  KCZ-H centrifuge. Sorvall Inc.. Newtown, Conn. 
l L  Teflon, du Pont 
I:? Fisher Scientific Co.. Montreal. Quehec. Canada. 
I 4  Thermolyne Dri-Bath. Fisher Scientific Co., Montreal, Quebec. Canada 
15 HNS, Fisher Scientific Co., Montreal. Quebec. Canada 
16 Model :iY20. Perkin-Elmer. Montreal. Quebec. Canada. 
l 7  Chromatographic SpecidtieA. Brockville. Ontario, Canada 
I 8  OV-225, Chromatographic Specialties, Rrockville. Ontariu. C'anada 
I') ('hromosorh &'. Chromatographic Specialties. Brockville. Ontario. Canada 


Vortex Genie. Fisher Scientific Co. ,  Montreal, Quebec, Canada 
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Table I-Electron-Capture Sensitivity and Retention Times of 
Ephedrine Derivatives 


Response, Retention 
coulombs Time, Column" 


Derivative x 103lmole min Temoerature 


C 


I 
I 


~ ~ ~~~~~ 


Pentafluorobenzoyl 14.303 1.42 230' 
Hep tafluorobutyryl 0.97 1 1.04 170' 
Pentafluoropropionyl 0.812 1.28 170' 
Trifluoroacetyl 0.013 1.46 170' 


Chromatographed on OV-225. 


curves were constructed by plotting the spiked control plasma peak height 
ratios against the concentrations of I (nanograms per milliliter of 
plasma). 


Electron-Capture Response of Various Ephedrine Deriva- 
tives-Stock Solution of d,l-Ephedrine-A solution of d.1-ephedrine 
free base (1000 pg/ml) in glass-distilled pentane was prepared. 


N-Trifluoroacetyl, N-Heptafluorobutyryl, and N-Pentafluoropro- 
pionyl Derioatiues-To 1 ml of I stock solution (1000 pg) in an 8-ml 
polytef-lined, screw-capped, round-bottom tube's were added either 0.5 
ml of trifluoroacetic anhydride3 or 200 pl of heptafluorobutyric7 or 
pentafluoropropionic anhydride3 and 20 pl of pyridine?. The tubes were 
tightly stoppered and incubated for 60 min a t  45' for trifluoroacylation 
or for 90 min a t  65' for other derivatives. The tubes were cooled to room 
temperature, a small antibumping granule was added to each, and excess 
anhydride was removed by evaporation without nitrogen until just dry 
a t  45' for trifluoroacetic anhydride and a t  65' for other anhydrides. Then 
1 ml of 1 N NaOH and 0.5 ml of amyl acetate2 were added, and the con- 
tents of the tube were mixed for 5 min and centrifuged for 2 min a t  2500 
rpm. Appropriate dilutions of each derivative were made with amyl ac- 
etate to yield final concentrations of 13.33 ng/pl for the N-trifluoroacetyl 
derivative and 6.66 ng/pl for the other two derivatives. 


N-Pentafluorobenzoyl Deriuatiue-The reaction was the same as 
described for the other N-acyl derivatives. In this case, dilution of 10 f i I  
of pentyl acetate to 15 ml yielded a final concentration of 0.67 ng/gl. 
Flame-ionization GLC analysis of the three undiluted reaction mixtures 
described previously showed that a t  least 95% of I was present as the 
corresponding N-monoacyl derivative. 


Di-Deriuatioes of Ephedrine with Trifluoroacetic Anhydride, Hep- 
tafluorobutyric Anhydride, and Pentafluoropropionic Anhydride-The 
reactions for the di-derivatives of I were the same as described for each 
reagent, except that the derivative was back-extracted following the 
addition of 1 ml of 0.1 N NH40H instead of 1 ml of 1 N NaOH. 


Measurement of Electron-Capture Response-The electron-capture 
response of the ephedrine amide derivatives was determined by mixing 
the pentafluorobenzoyl derivative with each derivative separately a t  a 
ratio of exactly 1:l (v/v). This step was necessary because the former three 
derivatives did not separate completely under the chromatographic 
conditions employed. No change in the response of the N-pentafluo- 
robenzoyl derivative was observed when it was chromatographed sepa- 
rately or as a mixture with any of the three derivatives. The response of 
the other three derivatives was calculated using the N-pentafluorobenzoyl 
derivative as a reference. 


Each fluoroacyl derivative gave a sharp symmetrical peak when 
chromatographed under the conditions described. The response of each 
derivative was expressed in 103 coulombslmole and was calculated for 
each derivative from its peak area (width of the peak a t  half height X peak 
height) by converting the area to coulombs from the chart speed and the 
current for full-scale deflection. 


RESULTS AND DISCUSSION 


N-Pentafluorobenzoyl derivatives of I. norephedrine, and the internal 
standard (11) gave sharp peaks (a, b, and c, Fig. 1 6 )  with retention times 
of 1.40,2.38, and 3.82 min, respectively. The presence of these N-pen- 
tafluorobenzoyl derivatives was established by CLC-mass spectrom- 
etry20. 


The GLC-mass spectra of the N-pentafluorobenzoyl derivative of I 
and norephedrine did not give molecular ions, but diagnostic ions for the 
derivative of I were a t  m/e 252,253,234, 195, 167,107, 105, 79, and 77. 
For the derivative of norephedrine, they were a t  mle 238,239,195,167, 
107, 105, 79, and 77. The CLC-mass spectrum of the N-pentafluo- 


GC-MS-data system model HP5985, Hewlett-Packard Corp., Ottawa. Ontario, 
Canada. 
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Figure 1-Typical chromatograms of human plasma. Key: A,  blank 
control plasma; R, spiked plasma containing 100 ng of ephedrine, 100 
ng of norephedrine, and 100 ng of 3,4-dimethoxyamphetamine; C, 
plasma (0.5-hr sample) from a dosed volunteer who receioed a combi- 
nation tablet (containing 24 mg of ephedrine hydrochloride) containing 
57.14 ng of ephedrine and 100 ng of 3.4-dimethoxyamphetamine; peak 
a, N-pentafluorobenzamide of ephedrine; peak b, N-pentafluoroben- 
zamide of norephedrine; and peak c, N-pentafluorobenzamide of 3,4- 
dimethoxyamphetamine. 


robenzoyl derivative of I1 gave a molecular ion a t  mle 389 and other 
characteristic ions a t  m/e 238,178,151,121, 195,167,91, and 77. These 
mass spectra indicate that peaks a, b, and c (Fig. 1) were due to N-mo- 
noacyl derivatives. 


Derivatization of I and norephedrine with pentafluorobenzoyl chloride 
followed by CLC did not give any peaks other than for N-monoacyl de- 
rivatives, which suggested that the b-hydroxy group did not undergo 
acylation. However, on increasing the reaction time to 7 hr with subse- 
quent CLC examination, a small peak (5% by peak area) eluted (retention 
time of 0.5 min) just before peak a. The GLC-mass spectrum of this peak 
gave a base peak a t  mle 195 and other diagnostic ions a t  mle 342,341, 
252,238,208,168,167,105, and 77. The absence of ions a t  m/e 253 and 
107 is diagnostic for the formation of the 0-pentafluorobenzoyl deriva- 
tive2'. 


Similarly, reactions of I and norephedrine with heptafluorobutyric 
anhydride, pentafluoropropionic anhydride, and trifluoroacetic anhy- 
dride as checked by GLC-mass spectrometry yielded N,O-diacyl deriv- 
atives as the main products equal to 9596 peak area compared to N-  
monoacyl derivatives. N,O-Diacyl derivatives of I were not hydrolyzed 
with 0.1 N NH40H. Shaking of diacyl derivatives with 1 N NaOH gave 
N-monoacyl derivatives, showing that the 0-acyl, and not the N-acyl, 
functions of these derivatives are hydrolyzed with 1 N NaOH. 


N-Pentafluorobenzoyl derivatives of phenylalkylamines have great 


K. K. Midha, J.  W. Hubbard, J. K. Cooper. and D. Gagne, to be published. 
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electron-capturing affinity (1. 6). In the present study, the electron- 
capturing affinity of the N-pentafluorobenzoyl derivative of I was nearly 
15 times that of the N-heptafluorobutyryl derivative, 18 times thatof the 
N-pentafluoropropionyl derivative, and 1100 that of the N-trifluoroacetyl 
derivative of I (Table I).  


Figure 1 shows a typical chromatogram obtained by processing control 
blank plasma without the internal standard. No extraneous peaks are 
observed. Similar chromatograms of urine extracts were as clean as those 
from plasma. A chromatogram obtained when the method was applied 
to spiked human plasma containing 100 ng each of I, norephedrine, and 
I1 is also shown in Fig. 1.  


Figure 1 also shows a chromatogram of the plasma sample (1 ml) from 
blood withdrawn from a male volunteer (67.6 kg) a t  0.5 hr after admin- 
istration of 24 mg of I in a combination tablet6 containing theophylline 
and phenobarbital. Analysis time was 6 min, and a 57.14-ng/ml level of 
I was found in this 0.5-hr sample. 


Ether was the solvent of choice for the extraction of ephedrines from 
biological fluids in several sbudies (3,4.7,8).  Recently, degradation of 
1 during extraction with ether was observed (9,lO). In the present study, 
ether was tried as a solvent for the extraction of I and I1 from plasma a t  
different pH values. The extraction from plasma with ether a t  pH 12 and 
subsequent derivatization of I and I1 with pentafluorobenzoyl chloride 
yielded chromatograms with many endogenous interfering peaks and 
irreproducible peak height ratios (I  to 11). Back-extracting the ethereal 
extract of plasma containing 1 and I1 into aqueous acid, basifying the 
aqueous layer to pH 12, extracting with ether, and derivatizing with 
pentafluorobenzoyl chloride did not eliminate all interfering peaks. 
Raising the pH to 14 and extracting with pentane eliminated all inter- 
fering peaks, which may have been from phenolic substances that would 
not be extracted into a nonpolar solvent such as pentane at pH 14. 


When two known phenolic metabolites of I, p-hydroxyephedrine and 
p-hydroxynorephedrine, were carried through the extraction and deri- 
vatization procedures, neither was observed by GLC. However, peaks. 
for the N-pentafluorobenzoyl derivatives of these metabolites were ob- 
served when they were not carried through the extraction but were de- 
rivatized dirertlyT2. 


After extraction and derivatization of I and I1 with pentafluorobenzoyl 
chloride, the excess reagent was hydrolyzed with 0.1 N NHdOH, and the 
derivatives of I and I1 were extracted with amyl acetate. The pentyl ac- 
etate extract had to be removed from contact with the ammonium hy- 
droxide within 20 min or slow hydrolysis of the derivatives occurred, as 
shown by a decrease in peak heights. Once the amyl acetate was removed 
from contact with the ammonia layer, these derivatives were stable for 
several months. 


Nitrogen evaporation of pentane extracts of derivatized or underiva- 
tized drug caused perceptible loss of derivative and even greater loss of 
free drug. Even after reaction and evaporation to dryness without ni- 
trogen, the derivative was lost if the samples were left too long in the bath. 
Thus, the samples were evaporated without the use of nitrogen and re- 
moved immediately when dry. 


Different CLC stationary phases such as phenyl methyl dimethyl sil- 
iconeZ3 and phenyl methyl (5050) siliconez4 were tried but were not 
suitable for quantitation. The drug and internal standard were poorly 
resolved with the former, and broad peaks were obtained with the latter. 
A column of methyl phenyl silicone containing about 75% phenyl sili- 
cone25 gave sharp peaks for I and the internal standard. However, nor- 
ephedrine, the major metabolite of I (which was extracted in the proce- 
dure) could not be separated from I. A liquid phase of phenyl cyanopropyl 
and methyl silicone17. however, separated the N-pentafluorobenzamide 
derivatives of I and norephedrine. 


Af ter  repeated injections into the gas chromatograph, a noisy baseline 
was occasionally observed, and the ratios of I to I1 became irreproducible. 
This result was initially considered to be due to detector contamination. 
However. baking the detector a t  350' over 24 hr did not remedy the 
problem. When the glass liner in the injection port of the gas chromato- 
graph was examined, a white coating of small particles was observed on 
the inside. After cleaning the glass liner by soaking it in a chromic acid 
solution in an ultrasonic bath overnight, reproducible ratios of I to I1 were 
obtained. The irreproducible ratios may have been caused by buildup 
of endogenous materials contained in derivatized plasma extracts and/or 
by septum particles. By changing the glass liner in the injection port ei- 


22 Bonded Csrbowax; C. R. Hastings, J .  M.  Augl. S. Kapila. and W. A. Aue, J .  


21 OV-7, Chromatographic Specialties, Brockville, Ontario, Canada. 
24 OV-17, Chromatographic Specialties, Brockville, Ontario. Canada. 
25 OV-25, Chromatographic Specialties, Rrockville, Ontario, Canada. 
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Table 11-Calibration Curve of Ephedrine Extracted from 
P lasmas  


Nanograms 
Per 


Milliliter n Mean f S D  fCV, % 


5 8 0.113 0.0046 4.09 
10 I 0.216 0.0089 4.13 
20 8 0.445 0.0169 3.77 
30 9 0.659 0.0190 2.89 
50 11 1.092 0.0436 3.98 


100 9 2.128 0.0755 3.55 
~ ~ ~ _ _ _ _ _  


Mean ( ' V  = ,3 7496, slope = 0 0215 f 0.0002, and correlation = 0.9986 


Table 111-Recovery of Ephedrine and  3,4- 
Dimethoxyamphetamine from Plasma 


Nanograms 
Added to Mean Percent 


1 ml of Nanograms Recovery, 
Plasma n Recovered mean f SD 


of Ephd;ne 
97.56 f 1.16 


Recovery of 3,4-Dimethoxyamphetamine 
4 51.74 51.74 f 0.85 100 


40 


20 i \ 
U 


Figure 2-Ephedrine concentrations in the plasma of a human uol- 
unteer (67.6 kg) lollowing a single 24-mg dose of ephedrine hydrochlo- 
ride in a combination tablet. 


ther weekly or after approximately 500 injections, the problem of irre- 
producible ratios was overcome. 


The accuracy and precision of the CLC assay are demonstrated in 
Table 11. Results are based on a t  least seven determinations of each 
concentration of I, ranging from 5.0 to 100.0 ng/ml. The overall coefficient 
of variation was 3.98%. The calibration curve obtained by plotting the 
peak height ratio of the N-pentafluorobenzoyl derivatives of I:II uersus 
the 1 concentration was linear ( y  = m x )  over the 5.0-100.0-ng of I/ml of 
plasma range. A mean slope value of 0.0215 f 0.0002 ( r z  = 0.999) was 
obtained. 


The overall recoveries of I and I1 from plasma were 97.25 f 1.13 and 
51.74 f 0.85%, respectively (Table 111). The procedure described has been 
applied to numerous plasma sample analyses. However, since I1 is a re- 
stricted drug in Canada, an alternative internal standard may be desir- 
able. 3,4-Dimetho~yphenethylamine~, a commercially available chemical, 
was suitable, and its N-pentafluorobenzoyl derivative gave a sharp 
symmetrical peak a t  4.3 min, well separated from the peak due to the 
derivative of I. Recovery under the extraction conditions and the sensi- 
tivity of the procedure using this alternative internal standard were ap- 
proximately equivalent to those with 11. 


The application of the present method to the determination of plasma 
I concentrations is shown in Fig. 2. A combination tablet6 containing 
ephedrine hydrochloride (24 mg), theophylline, and phenobarbital was 
given as outlined in the Experimental section, and aliquots of the sam- 
pled plasma were assayed for I by GLC. Plasma concentrations over 24 
hr in the subject fit a one-compartment m d e l  from which the elimination 
half-life was calculated (4.8 hr). 
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Abstract  0 The dissolution profiles of prednisone, digoxin, and 
griseofulvin in simulated C I  fluids were determined after solvent depo- 
sition or  ball milling with three commercially available grades of amor- 
phous silicon dioxide. The former procedure resulted in adsorbates 
showing evidence of drug entrapment hy the two grades with larger av- 
erage pore diameters. Hall milling the drugs with the grade possessing 
the largest average particle diameter produced triturations with the 
slowest dissolution rates. A relationship between drug dissolution and 
extent of dilution with the amorphous silicon dioxides was shown. Par- 
ticle-size measurements revealed that the ball milling procedure was more 
apt l o  broaden the size distribution as compared with the solvent-de- 
position method of drug incorporation. 


Keyphrases 0 Dissolution rate-effects of amorphous silicon dioxides 
on prednisone, digoxin, griseofulvin, simulated GI fluids, solvent depo- 
sition compared to ball milling Silicon dioxide, amorphous-effect on 
dissolution rates of prednisone, digoxin, griseofulvin in simulated GI 
fluids, solvent deposition compared to hall milling Dispersions, 
solid-effect of amorphous silicon dioxides on prednisone, digoxin, 
griseofulvin, simulated GI fluids, solvent deposition compared to ball 
milling 


Various water-insoluble drugs, solvent deposited on 
fumed silicon dioxide, have been reported to have more 
rapid dissolution rates than the pure micronized drugs. 
Surface area of the acidified and basified silica gel adsor- 
bents was a controlling factor for the increased dissolution 
rate of these adsorbate samples (1). 


This study evaluated the effects of three commercial 
grades of amorphous silicon dioxide on the dissolution 
rates of digoxin, griseofulvin, and prednisone. The mi- 
crometer-sized, synthetic, amorphous silicon dioxides 
possess a unique combination of properties. Purity, non- 
toxicity, uniformity, chemical inertness, large surface area 
and porosity, controlled particle size, and a high adsorptive 
capacity for both oil and water characterize these versatile 
products. The three grades selected differ from one an- 
other in surface pH, particle size, surface area, and pore 
volume and diameter (Table I). 
’ In addition to the customary procedure of solvent de- 


position, ball milling was used to spread each drug on the 
amorphous silicon dioxide surfaces. Earlier studies had 


shown that ball milling was superior to solvent deposition 
for preparing drug-lactose triturations (2, 3). Besides 
comparison of these two methods, the effect of pore di- 
ameter on the dissolution rate of entrapped drug molecules 
was studied. 


EXPERIMENTAL 


Materials-The following were obtained from commercial sources: 
amorphous silicon dioxides’, digoxin2 USP, griseofulvin3 USP, predni- 
s0ne4 USP, sodium hydroxide5 USP, monobasic sodium phosphate6 USP, 
sodium chloride7 USP, reagent grade hydrochloric acid6, and absolute 
ethanol8. 


Equipment-The following were used: the USP XIX dissolution test 
basket assemblyg; a constant-temperature shaker bathlo; a grating 
spectrophotometer with digital display1’; a jar mill, 10.16-cm (4-in.) di- 
ameter with 1.27-cm (0.5-in.) diameter porcelain balls1*; a pH meter”; 
a particle-size cnunterI3; a US. standard sieve, 60 mesh14; a Swinny 
adapterI5, 13 mm; and filter paper, 0.45-pm poro~i ty’~.  


Preparat ion of Drug-Amorphous Silicon Dioxide Tr i tu ra -  
tions-The drug-amorphous silicon dioxide triturations were prepared 
in a weight ratio of 120. Simple blends were prepared by manual bottle 
tumbling for 15 min. Ball milled triturations were prepared from ho- 
mogeneous simple blends. Ball milling was carried out for 48 hr in a jar 
mill half-filled with porcelain balls. 


Solvent deposition consisted of dissolving prednisone or griseofulvin 
in sufficient absolute ethanol (80% ethanol was used for digoxin) and 
uniformly wetting the various silicas contained in a beaker. The mixture 
WAS stirred with a magnetic stirrer while the solvent was evaporated in 
an air stream. The residues were dried a t  37’ for 24 hr and passed through 
a 60-mesh screen to break up any agglomerates. The sieved material was 
hottle blended to ensure homogeneity. 


Syloid 63.72, and 266, Davison Chemical Division. W. R. Grace 8s Co., Balti- 


Ayerst Laboratories, New York. N.Y. 
The Upjohn Co., Kahnazoo, Mich. 
J .  T. Baker Chemical Co., Phillipsburg, N.J. 
Fisher Scientific Co.. Fair Lawn, N.J. 


US. Industrial Chemicals Co., New York, N.Y. 


Model DB-GT. Beckman Instrumentn. Fullerton, Calif. 


Dual Manufacturing Co., Chicago. 111. 


more, Md. 
2 Roussel Corp., New York, N.Y. 


’ Apache Chemicals, Seward, Ill. 


8 Hsnson Research Corp.. Northridge, Calif. 
I ”  Model WBR, New Brunswick Scientific Co.. New Brunswick, N.J. 


l 2  Paul 0. Abbe Inc., Little Falls, N.J. 
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Abstract An electrometer that allowed direct recording of resistance 
changes during compression was used to measure the conductances of 
sodium chloride, potassium chloride, ammonium chloride, and sodium 
citrate. The effects of initial particle size, luhricant level, moisture con- 
tent, and compaction pressure were determined. Direct compression 
tahleting diluents also studied were dextrose, sucrose, lactose, micro- 
crystalline cellulose, and dihasic calcium phosphate. Distinctive con- 
ductance patterns were observed and are rationalized in terms of previ- 
ously proposed bonding mechanisms. 


Keyphrascs D Electrical conductances-various directly compressible 
inorganic chlorides and sodium citrate, effects of particle size, lubricant 
levels, moisture content, and compaction pressure Directly com- 
pressible materials--various inorganic chlorides and sodium citrate, 
electrical conductances, effects of particle size, lubricant level, moisture 
content, and compaction pressure Tablets-various directly com- 
pressible inorganic chlorides and sodium citrate, electrical conductances. 
effects of particle size, luhricant level, moisture content, and compaction 
pressure 


This study was designed to  evaluate measurement of 
the electrical conductance of directly compressible mate- 
rials under pressure as a technique for investigating in- 
terparticulate bonding in compacts. The application of 
electrical resistivity measurements as a tool for studying 
applied and induced stresses in solid materials has been 
recognized (1-6) but is still incomplete. This technique has 
had only limited consideration as a means for investigating 
tableting. 


BACKGROUND 


Freshly prepared and aged silver bromide powders were compressed 
between two silver-plated plungers, which served as electrodes, and 
specific conductance was measured as a function of applied pressure (1). 
Specific conductance fell as silver bromide was aged (1). Electrical con- 
ductance also was used to describe sintering of powdered metals, and the 
effects of varying particle size and size distribution on copper powder 
sintering were noted. A relationship between tensile strength and elec- 
trical conductivity was developed and served to evaluate the quality of 
sintered copper (2). 


The bonding in sodium chloride and copper sulfate compacts was 
studied by measuring electrical conductivity as a function of pressure, 
using 500-600 v ac (3). The specific conductivity increased with an in- 
crease in pressure up to a maximum value and then decreased with fur- 
ther increases in pressure (-1750 kg/cm2) (9). 


In another study (4). a decade bridge was used to measure the electrical 
resistance of sodium chloride granules containing &lo% graphite a t  low 
pressures (-70 kg/cm2). I t  was concluded that an initial packing stage 
was followed by a brief period during which the granular structure could 
support the imposed load without breakdown and then, finally, gradual 
failure of the granules to give a compact mass. 


A modified Schering bridge circuit was used to measure the dissipation 
factor of sodium chloride undergoing compression in a polyester polymer 
die ( 5 ,  6). Hanus (5) correlated physical properties of sodium chloride 
crystals such as particle size, moisture content, porosity, and hardness 
of' the compacts produced with calculated specific conductances at  various 
pressures. Mohrle (6) studied the effect of addition of magnesium stearate 
and activated charcoal a t  a fixed pressure on the specific conductivity 
of sodium chloride. 


In the present study, an electrometer that allowed direct recording of 
resistance changes during compression was used to measure the con- 


ductances of sodium chloride, potassium chloride, ammonium chloride, 
and sodium citrate. The effects of initial particle size, luhricant level, and 
moisture content as well as compaction pressure were determined. To 
establish the value of applying the technique to other than ionic materials, 
several direct compression tableting diluents and binders also were in- 
cluded. 


EXPERIMENTAL 


Materials-USP grade sodium, potassium, and ammonium chlorides 
and sodium citrate (dihydrate) were fractionated using 20-, 30-, 40-, and 
50-mesh US. standard screens. The sized chlorides were dried a t  135' 
for 16 hr to remove all traces of moisture and other volatile impurities. 
The samples were stored in sealed containers in a desiccator over silica 
gel until used. 


Moisture was added to samples of dried 30-40-mesh salt by directing 
moist air a t  the material tumbling in a coating pan for 15 min. Samples 
with different moisture levels were prepared by tumbling the damp 
material in a dry coating pan for varying times. The moisture content was 
determined gravimetrically. 


In experiments where magnesium stearate was added, portions of the 
dried 30-40-mesh salts were blended with 0.1,0.2,0.5, and 0.75% mag- 
nesium stearate. The lubricant was dried for 7 days a t  65" and passed 
through a 200-mesh screen before use. The lubricated salts were stored 
in sealed containers in a desiccator until needed. 


The following materials were used as received: spray-dried lactose', 
microcrystalline cellulose2, anhydrous dextrose?, polyethylene glycol 
40004, dihasic calcium phosphate dihydrate5, and sucroses. 


Instrumentation-A schematic diagram of the system used to mea- 
sure the electrical resistance of materials under compression is shown 
in Fig. 1. 


The base of a 2.5-cm diameter tablet punch was cemented to a square 
acrylicfi block with an epoxy adhesive. A steel collar placed over the base 
of the punch was fastened to the acrylic block for added support. A ba- 
nana plug was welded perpendicularly to the middle of the tablet punch 
shaft. A cylindrical steel shield, 12.5 cm in diameter, was fastened to the 
acrylic block with metal brackets so that the banana plug was positioned 
opposite to a circular window in the shielding. This upper punch unit was 
fastened to the upper stage of a hydraulic press7 by large C clamps. 


A 15 X 5 X 1 -cm polished stainless steel plate resting on the lower stage 
of the hydraulic press served as the lower punch. The die was fabricated 
from a 5-cm diameter, 2-cm thick piece of polyethylene terephthalateA 
ring, containing a 2.5-cm diameter cavity. It was positioned in the center 
of the steel plate to accommodate the sample. The acrylic block and 
polyethylene terephthalate die served to insulate the compacts from the 
grounded hydraulic press. 


A motorization unit7 was used to control the application of pressure 
and the movement of the ram, whose speed could be varied from 0.1 to 
0.9 cm/sec. The unit, when activated, drove the press to a preset pressure. 
If a fall in pressure occurred during the experimental run, the motorized 
unit was automatically activated to maintain the required pressure. 


The shield and steel base plate were connected to the grounded hy- 
draulic press. A shielded cable connected the punch to an electrometer9. 
The output of the electrometer was monitored continuously throughout 
the experimental run by a recorder'". 


Foremcist-McKess(in, Appleton, Wis. * Avicel Ph-101, FMC Corp.. Philadelphia, Pa. 
J. T. Raker Chemical Co., Phillipsburg. N.J. 
Ruger. New Brunswick, N.J. 
Fisher Scientifir Co., Springfield, N.J. 


6 Lucite. 
Model C, Fred S. Carver, Menornonce Falls, Wis. 
Mylar. 
Model 610 C, Keithley Instruments. Cleveland. Ohio. 


lo Model 620, Leeds and Northrup, North Wales, Pa. 
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Table I-Reproducibility of Results Showing the Effect of 
Compression Time on the Conductivity of Dried 30-40-Mesh 
Sodium Chloride at 2700-kg Applied Load 


Apparent Specific Conductivity, ohms-' cm-l X lo7 
Minutes Run 1 Run 2 Run 3 


0 7.01 7.21 7.09 
2 6.60 6.56 6.63 
5 6.07 6.14 6.16 


10 5.18 5.38 5.28 
15 4.45 4.52 4.64 
20 3.82 3.63 3.70 
25 3.28 3.08 3.21 
30 2.81 2.83 2.88 


Procedures-A weighed quantity of material was transferred into the 
die resting on the steel plate. The lower stage of the hydraulic press was 
raised manually so that the tablet punch was positioned in the die cavity 
to rest on the surface of the granulation. The sample thickness was de- 
termined with a cathetometer", which was set to follow the movement 
of the base plate. The motorized unit was activated, and the electrometer 
and recorder were turned on. 


The resistance a t  the moment the pressure reached its maximum value 
was designated as the zero-time reading. The thickness of the sample was 
again determined after 30 min, and corrections were made for elastic 
deformation of the insulating acrylic block. The specific conductance was 
calculated from resistances recorded a t  selected times during the run 
by: 


compact thickness 
(Es. 1 )  


specific = 
conductance (resistance) (punch area) 


The accuracy of the measurements was checked by connecting stan- 
dard resistors (1-100 megohm f 1%) between the punch and plate. Re- 
sistances in excess of lo'* ohms were recorded in the empty die, de- 
pending on the distance set between the punch and plate. The range of 
measurement of the present equipment was limited to a maximum of 1Olo 
ohms. All results reported are averages of replicated runs. 


All reported results are for experiments run by operating the motorized 
unit a t  the lowest practical speed of 0.1 cmhec with 6-g samples. Pre- 
liminary experiments indicated that initial observed conductance,values 
were higher a t  lower operating speeds but approached the same values 
a t  30 min. The observed specific conductances increased with an increase 
in weight up to 6 g; a further increase in weight resulted in B decline in 
specific conductance. Six grams was the maximum weight possible for 
most materials owing to the limitation imposed by the size of the die. 


The reproducibility of experimental data is illustrated by the data 


Figure I-Schematic diagram of system used fq measurement of 
conductance under load. Key: A, upper stage of hydraulic press; H, 
acrylic block; C ,  steel collar; D. steel shield; E,  connection to electrom- 
eter; F, punch; G ,  polyethylene terephthalate die; H, steel base plate; 
I ,  lower stage of press; and J .  shielded cable to electrometer. 


Table 11-Effect of Reduction in Ap lied Load (3600 kg) on 


of ComDacts Produced from 30-40-Mesh Salts 
Specific Conductances (ohms-' cm- P X 10') and  Thicknesses 


Initial 
Specific 


Conductance 
Salt a t  3600 kg 


Sodium chloride 4.9 
Potassium 12.2 


Ammonium 1.9 


Sodium citrate 0.1 


chloride 


chloride 


Specific 
Conductance Increase in 


at -50 kg Thickness, 
0 min 30 min % 


0.65 0.35 4.1 
5.5 6.5 4.3 


0.9 1.2 2.7 


0.2 0.3 0.67 


summarized in Table I, which shows observed changes in specific con- 
ductance of sodium chloride compacts held a t  an intermediate pressure 
for three separate runs. 


RESULTS AND DISCUSSION 


The specific conductance of a pure sodium chloride crystal was re- 
ported to be 3.4 X ohm-' cm-' a t  room temperature (7). Most of 
this ionic conductance arises from valence vacancies. Although crystals 
possessing perfect lattices would conduct no current (8), all crystalline 
materials possess some electrical conductivity due to structural defects 
and impurities. 


The conductance of a polycrystalline mass is the result of a complex 
interaction of factors, including the kind and concentration of impurities, 
lattice defects, structural defects such as cracks and fractures, and contact 
area. Most of the current flow takes place a t  the interface between the 
particles making up the mass. Thus, the greater the number of contact 
points, the greater the observed conductance. 


Particles in a compact are forced into intimate contact under pressure, 
resulting in extensive areas of true contact. Particle rearrangements, 
fracturing, and plastic and elastic deformations take place. Consolidation 
processes predominate at low pressures, whereas deformations pre- 
dominate at high pressures (9). The net effect of pressure during the 
compaction process should be an increase in conductivity up to the point 
where plastic deformation becomes significant. Interparticulate bonding 
reduces the interfacial contact area and, thus, the numher of paths for 
current flow. The observed decrease in conductance is a consequence of 
healing and stress relaxations as well as bonding. 


Interpretation of the conductances measured under the experimental 
conditions is further complicated by differences arising from ion char- 
acter, variations in impurity content, and local temperature changes 
during compaction. 


Conductivity at Constant Pressure-Studies of bonding in sodium 


't 


10 15 20 25 30 0 2  5 
MINUTES 


Figure 2-Specific conductiuity of dried 30-40-mesh sodium chloride 
at 900 (O), 1800 (o) ,  2700 (A). and 3600 (v) kg. Central Scientific Co.. Chicago, 111 
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Table 111-Effect of Initial Particle Size on Specific Conductances (ohms-' cm-I X 10') and Densities of Salt Compacts 
900 kg 2700 kg 


Specific Conductance Specific Conductance 
Salt Mesh Density 0 30 min Density 0 30 min 


Sodium chloride 


Potassium chloride 


30-40 
40-50 
20-30 


1.65 
1.596 
1.60 


0.62 
3.0 
5.7 


30-40 1.59 3.1 
40-50 1.58 1.6 


Ammonium chloride 20-.70 1.40 
30-40 1.39 
40-50 1.38 


Sodium citrate 20-30 1.41 
30-40 1.40 


0.22 
0.05 
1.5 
1.6 
0.08 


0.44 4.1 1.53 ._ 


0.05 0.4 1.52 
0.14 0.29 1.50 
0.008 0.038 1.51 


1.865 
1.835 
1.865 


7.0 2.8 
4.7 0.93 


17.2 9.8 
1.84 13.3 8.6 
1.85 7.9 6.5 


0.006 0.038 1.49 


2.7 0.46 
1 .B 0.87 
0.28 1.16 
0.009 0.033 
0.009 0.03 


and potassium chloride in contrast to potassium citrate compacts suggest 
that consolidation occurs primarily by elastic and plastic deformation 
in the former case and by fragmentation and particle rearrangement in 
the latter case (10). Figures 2-5 show specific conductivity-time plots 
for 30-40-mesh sodium. potassium, and ammonium chlorides and sodium 
citrate at gauge pressures of 900-3600 kg. Zero time on these plots rep- 
resents the point a t  which the applied pressure was maintained a t  a 
constant value. 


Distinctive patterns were observed for each material. In both sodium 
and potassium chloride compacts, the conductance decreased with time, 
and the decrease was proportionally less for low, as compared to high, 
pressures. Cole p t  al. (10) reported that potassium chloride deformed a t  
lower loads than did sodium chloride. This behavior was evident from 
the fact that the maximum initial conductance was approached a t  lower 
pressures with potassium chloride. The decrease in conductance a t  lower 
pressures suggests that  more complete deformation, fracture, and 
bonding of crystals take place and that more pathways for current flow 
are destroyed in potassium chloride. The order of magnitude of observed 
conductances was potassium > sodium > ammonium chloride > sodium 
citrate. 


Unlike sodium and potassium chlorides, the conductance of ammonium 
chloride (Fig. 4) increased with time under constant load except a t  the 
highest pressure. At the intermediate pressure, a distinct maximum was 
observed. It  was suggested that ammonium chloride deforms by plastic 
flow (1 I ) ,  with little evidence of fracture and fragmentation. The increase 
in conductance is likely due to an increase in the number of interparti- 
culate contact points as material flows into interparticulate space. 


Sodium citrate (Fig. 5) showed a constant initial conductance, irre- 
spective of the pressure employed to form the compact. Unlike ammo- 


L O  2 5 10 15 20 25 30 
MINUTES 


Figure 3-Specific conductiuity of dried 30-40-mesh potassium chlo- 
ride at 900 (O), 1800 (O) ,  2700 (A), and 3600 (V) kg. 


nium chloride, the rate of increase in conductance with time wasgreatest 
a t  lower pressures. Consolidation of sodium citrate is the result of frag- 
mentation, which takes place on the initial application of the minimal 
load necessary to exceed the yield value of the salt. A constant initial 
conductance value is observed since a fixed number of contact points is 
made in the powder bed. The results suggest that  the degree of frag- 
mentation is constant, irrespective of the applied load. The observed 
trend to increased conductance with time probably reflects particle re- 
arrangements resulting in increased numbers of contact points. 


Table I1 summarizes data obtained in experiments in which the applied 
load was relaxed from its initial value to about 45 kg. The load was held 
at the initial value for 1 min. If compacts show significant elastic recovery, 
which results in a reduction in stress bonds and the effective area of 
contact, a reduction in conductance is observed. This reduction was ev- 
ident with the chlorides; however, an order of magnitude increase in 
conductance was noted for sodium citrate. Sodium chloride showed a 
significant decrease in conductance, which further drifted downward with 
time. The proportionally smaller decreases observed with potassium and 
ammonium chlorides tended to increase with time. Increases in compact 
thickness were observed upon release of load. These increases were not 
significant for the citrate salt, while the sodium and potassium chlorides 
showed a significantly greater elastic recovery than ammonium chloride. 
The results reported for sodium chloride are in agreement with obser- 
vations on sodium chloride tablets (12). 


Potassium chloride showed intermediate characteristics, resembling 
sodium chloride a t  low loads and ammonium chloride a t  high loads. 
Unlubricated ammonium chloride produced translucent compacts even 
a t  the lowest applied loads, indicative of plastic deformation. At the 


MINUTES 
Figure 4-Specilic conductiuity of dried 30-40-mesh ammonium 
chloride a t  900 (O), 1800 ( O ) ,  2700 (A),  and 3600 (V) kg. 
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Table IV-Effect of Magnesium Stearate on Specific 
Conductances (ohms-’ cm-’ X 107) of Compacts Produced Prom 
30-40-Mesh Salts 


Table y-Effect of Added Moisture on Specific Conductances 
(ohms- cm-I X 10’) of Compacts Produced from 30-40-Mesh 
Salts 


~~~ ~ 


Magnesium 1800 kg 3600 kg 
Salt Stearate, % 0 20min 0 20min 


Sodium 0 6.0 2.5 5.2 3.7 
chloride 0.1 1.35 0.05 1.9 0.96 


0.75 1.40 0.22 1.63 0.65 
Potassium 0 15.8 12.1 16.0 2.8 


chloride 0.1 0.77 2.03 28.6 16.9 
0.75 0.38 1.13 4.96 0.61 


Ammonium 0 0.11 1.22 2.3 0.17 
chloride 0.1 0.01 0.07 0.02 0.014 


0.75 0.007 0.05 0.01 0.015 


highest loads, potassium chloride compacts tended to resemble more 
closely the ammonium chloride compact a t  low pressure than the more 
granular-like structure of the sodium chloride compact. Sodium citrate 
compacts produced at  even the highest loads crumbled under mild stress, 
indicating a lack of significant bonding. 


Effect of Initial Granule Size-Huffine (3) and Hanus (5) previously 
reported that the specific conductance of sodium chloride compacts under 
pressure tended to increase as the initial granule size was increased. These 
observations were generally confirmed by the data summarized in Table 
111, except for sodium chloride a t  low loads and sodium citrate, where 
conductance was independent of initial granule size. Differences in oh- 
served compact densities were not significant except for sodium chloride 
a t  the low load, where a less dense compact was attained with 3040-mesh 
sodium chloride as compared to the 4&50-mesh granules. Larger granules 
are subject to greater deformation, resulting in more fractures and defects 
and, consequently, more paths for current flow. 


Effect of Added Magnesium Stearate-Table IV summarizes the 
observed conductances of compacts containing added magnesium stea- 
rate. Figure 6 shows the anomalous results observed in potassium chloride 
compacts a t  3600-kg applied load. In all other cases, additon of magne- 
sium stearate reduced the specific conductance, with the greatest re- 
duction seen a t  the lowest luhricant level studied. These results are in 
agreement with those reported by Mohrle (6) for sodium chloride com- 
pacts. The addition of even the lowest level of magnesium stearate sig- 
nificantly reduced bonding in salts a t  the lower applied loads. Compacts 
produced from lubricated ammonium chloride lacked the translucent- 
fused structure characteristic of the unlubricated material. 


Magnesium stearate potentially has two effects in compacts that  can 
influence conductance. Principally, particles are coated with an insulating 
layer of the lubricant, which acts to decrease the effective conductance 
and to reduce bonding. In addition, the lubricant permits easier packing, 
producing compacts of maximum density with a minimum of particle 
deformation. The thickness of the lubricated compacts under pressure 
was somewhat smaller than the thickness of the unlubricated compacts 
but independent of the magnesium stearate level. 


0 2 5 10 15 20 25 30 
MINUTES 


Figure 5-Specific conductivity of dried 30-40-mesh sodium citrate 
at 900 (0)9 1800 (D), 2700 ( A ) ,  and 3600 (V) kg. 


Water, 1800 kg 3600 kg 
Salt % 0 20min 0 20min 


~~ ~~~~~ 


Sodium 0 6.0 2.5 5.2 3.7 


0.074 7.94 1.4 7.5 3.1 
Potassium 0 15.8 12.1 16.0 2.8 


chloride 0.035 3.7 5.5 5.1 4.3 
0.126 4.2 4.7 6.7 3.9 


Ammonium 0 0.11 1.22 2.3 0.17 
chloride 0.056 0.09 0.16 0.06 0.04 


0.158 0.06 0.09 0.09 0.06 


chloride 0.023 4.74 0.73 5.0 2.48 


The anomalous hehavior evidenced by potassium chloride a t  the high 
loads, in which significant conductance increases were observed upon 
addition of 0.1% stearate, suggests that  better packing, which resulted 
in more contact points, had the greater effect. Thus, a higher concen- 
tration of lubricant was necessary to sustain a conductance decrease. A t  
the low pressures, while a decreased conductance was observed, the 
conductances increased rather than decreased with time. 


Effect of Added Moisture-Table V summarizes observed conduc- 
tances of compacts produced a t  1800- and 3600-kg compressional forces 
from granulations containing low levels of added moisture. Figure 7 shows 
a representative run for ammonium chloride. The data indicate that as 
water is added, the conductance decreases and reaches a minimum value, 
after which an increase is observed. Similar conductance-time patterns 
were noted with sodium chloride. However, the large shifts in conduc- 
tance observed with dry potassium and ammonium chlorides were absent 
after moisture was added. 


Rees and Shotton (13), in their study of sodium chloride compaction, 
demonstrated that added moisture exerted a boundary luhricant effect, 
which facilitated consolidation. Dissolution of salts in moisture films 
resulting in “electrolyte solution” pathways should increase conductance. 
At the moisture levels studied, this increase was observed only in sodium 
chloride compacts. However, crystallization under pressure, which pro- 
motes the formation of salt bridges and the healing of defects, would lead 
to reduced conductance, an effect that should be most pronounced at  the 
lowest moisture levels. The presence of salt bridges produced in this 


0.08 


0.04 


0 2  5 10 15 20 
MINUTES 


Figure 6-Effect of magnesium stearate on specific conductivity of 
dried 30-40-mesh potassium chloride under 3600-kg applied load. Key: 
0, 0.07;; 0, 0.1$;; O, 0.2%; A ,  0.5Ci;and V, 0.75% magnesium stea- 
rate. 
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Table VI-Apparent Specific Conductances (ohms-’ cm-l X 
1 Ot0) of Direct ComDression Diluents under Pressure 


l t 2  1.4 


,II/ 0.8 


0.4 O ’ / I  


o.2 t 
I .  ‘ 


0 2  5 10 15 20 25 30 
MINUTES 


Figure 7-Effw1 of lidded moisture on spwific conductivity of dripd 
30- 40-mi%h ammonium chloridc undcr 1800-kg applied load. Key: a, 
( J . O ‘ r :  0, 0.05h“, ; 0. O.lJ9.5‘, ; a n d  A, 0.158‘;.  


fashion would result in a stable compact under pressure. This result seems 
to occur with the potassium and ammonium chloride compacts, since 
these salts are significantly more water soluble than sodium chloride. 


Hanus ( 5 )  reported that the addition of moisture raised the conduc- 
tance of sodium chloride at  even the lowest levels added. However, so- 
dium chloride compacts were viewed as leaky capacitors. The capacitance 
effects were more pronounced after the addition of moisture. In the 
present work, compacts are viewed as resistors-significant capacitance 
effects were absent under the conditions of measurement. 


Direct Compression Tablet Diluents-Large changes in conduc- 
tance characteristics o f  the chlorides were not observed except in the case 
of dihasic calcium phosphate dihydrate a t  3600-kg pressure, which may 
have been the result of release of water of hydration (Table VI). Observed 
conductances were two to three orders of magnitude lower than the values 
obtained for the salts. 


Compacts prepared from these diluents generally show stable physical 
characteristics on storage. For example, Horhota et al. (14) reported that 
dibasic calcium phosphate tablets stored under various conditions showed 
no changes in physical characteristics such as hardness. On the other 
hand, sodium chloride compacts showed considerable hardness increases 
on storage (5). A correlation between conductance and hardness was es- 
tablished (15). The data suggest that compacts that reach stable internal 
states rapidly are not affected by continuous application of pressure. 


David and Augsburger (16) reported that in the times prevalent on a 
tablet press, plastic deformation was more predominant in microcrys- 
talline cellulose as compared to dihasic calcium phosphate. Fracture, with 
the creation of new surfaces under compression, was more important with 
lactose and other sugars. No clear distinction could be made in inter- 
preting the conductance patterns since polyethylene glycol, which bonds 
largely by plastic deformation, reached a stable conductance within 5 min 
whereas microcrystalline cellulose showed conductance increases a t  both 
high and low pressures and lactose showed increases in conductance a t  
1800-kg and decreases in conductance at  2700-kg loads. The lactose data 


Diluent Minutes 1800 kg 2700 kg 3600 kg 


Dibasic calcium 0 7.0 9.1 1.2 
phosphate 5 7.5 1 . 1  1.7 


30 6.7 1 . 1  2.3 
Microcrystalline 0 1.1 1.6 1.67 


cellulose” S 1.16 1.6 1.7 
30 


Spray-dried 0 
lactose 6 


30 
Sucrose 0 


5 
30 


Dextrose 0 
5 


30 
Polyethylene 0 


glycol 4000 5 
30 


Three-gram c(~rnpacts. 


1.3 1.87 1.9 
0.5 0.4 - 
0.38 0.5 - 
0.27 0.6 - 
- 7.5 - .  


- 7.53 - 
- 9.2 -. 


- 7.0 - 
- 7.3 - 
- 8.6 - 
- 67.6 - 
- 6L.i . .- 
- 62.0 - 


are consistent with the view that fragmentation is the principal effect at  
low pressures while deformation resulting in increased bonding dominates 
at  the higher loads. It should he emphasized that unlubricated materials 
of differing initial particle size are being compared. 
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Since the metabolism of oxycodone has not been fully established, the 
GLC characteristics of the metaholite(s) are yet unknown. However, from 
the expected metabolic pathways of iminoethanophenanthrofurans (8), 
it may be speculated that the metabolites'have different retention in the 
GLC column than oxycodone under the same chromatographic condi- 
tions. Drugs usually coadministered with oxycodone such as acetami- 
nophen, aspirin, caffeine, and phenacetin do not interfere in the assay. 
Without derivatization, acetaminophen and aspirin do not pass through 
the GLC column while phenacetin and caffeine appear to be eluted with 
the solvent. 


The results of single-dose administrations of 4.5 mg of oxycodone hy- 
drochloride and 0.38 mg of oxycodone terephthalate to human subjects 
are listed in Table 11. The maximum plasma oxycodone levels ranged from 
17.0 to 36.5 ng/ml in the six subjects. After 8 hr, the oxycodone levels 
ranged from 1 .O to 14.3 ng/ml. 
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Abstract 0 Binding of the antimalarial n-dibutylaminomethyl-2,6- 
bis(trifluoromethylphenyl)-4-pyridinemethanol with human serum al- 
bumin was studied using difference spectroscopy, fluorescence quenching, 
and equilibrium dialysis. Results indicated that the number of high af- 
finity binding sites of the drug on protein is 0.45, with the total number 
of binding sites being 3.3-4.0. The binding constants were in the range 
of 0.57-4.00 X lo6 M - l .  The drug was bound more strongly to a nonionic 
detergent than to either a cationic or anionic detergent. Interpretation 
of these data and fluorescence quenching results indicated that the drug 
is possibly hound to a hydrophobic site on human serum albumin. 


Keyphrases 0 Pyridinemethanol, substituted-binding to human serum 
albumin Binding, protein-substituted pyridinemethanol to human 
serum albumin Antimalarials-1~-dibutylaminomethyl-2,6-bis(tri- 
fluoromethylphenyl)-4-pyridinemethanol, binding to human serum al- 
bumin n-Dibutylaminomethyl-2,6-bis(trifluoromethylphenyl)-4- 
pyridinemethanol-binding to human serum albumin 


Interest in protein binding of drugs led to an investiga- 
tion of the antimalarial a-dibutylaminomethyl-2,6-bis- 
(trifluoromethylpheny1)-4-pyridinemethanoll (I). The 
drug is 22 times more effective than quinine and is active 
against highly chloroquine-resistant Plasmodium berghei 
in mice2. There is a lack of information about binding of 
such pyridinemethanols to serum proteins. Such data are 
important to an understanding of the distribution, me- 
tabolism, and excretion of these antimalarials since only 
the fraction of drug unbound exerts chemotherapeutic 
activity (1,2).  


The hydrophobic alkyl side chains, the aromatic H- 


electrons, the hydrogen-bonding site (OH group), and the 
possible electrostatic interactions suggest that the drug 


' WR 148,946. 
2 P. S. Loizeaux, Walter Reed Army Institute for Research, personal communi- 


cation. 1976. 


H ~ O H  


I 


may have a high affinity for serum albumin (3). The lim- 
ited water solubility of the drug, even as the hydrochloride 
salt, makes the examination of binding affinity difficult. 
In this paper, the interaction of I with human serum al- 
bumin is examined by difference spectrophotometry, 
fluorescence quenching, and equilibrium dialysis. 


EXPERIMENTAL 


Apparatus and Chemicals-Compound I was supplied as the hy- 
drochloride salt?. Its purity was verified by TLC in three different solvent 
systems (4) and by mass spectral analysis. Human serum albumin4 was 
investigated for purity (5 ) .  The Ei:, values for the albumin were 6.36 
a t  279 nm and 190 a t  210 nm. Sorensen phosphate buffer, adjusted to pH 
7.4, was used. 


The dialysis membrane was prepared according to literature methods 
(6-8). Rigid, clear acrylic plastic dialysis cells (10 ml) were washed re- 
peatedly with distilled water and sonicated overnight in distilled water. 
Electronic absorption spectra5 were taken in I-cm silica cells. Fluores- 
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cence spectra were recorded on a spectrophotofluorometeI.6 equipped 
with a corrected spectra attachment. Microliter syringes' were used to 
deliver quantities of solutions accurately. All other chemicals were the 
highest grade of commercially available materials. 


Difference Specttophotometry-The tandom technique (9) was 
used to study interactions between I (5 X M) and albumin 
(0.362-7.25 x M). Identical 50-pl increments of drug were added 
to the buffer cell in the reference beam and to the protein cell in the 
sample beam. To maintain a constant protein concentration in each beam 
after drug addition, a volume of protein equal to that of drug added but 
double the concentration of the protein already in the cell was added to 
the protein cell. Drug concentration was equalized by the addition of an 
identical volume of buffer to the buffer cell in the reference compartment. 
The resultingdifference spectrum was then recorded for each added in- 
crement of drug over the albumin concentration range studied. 


Drug-Surfactant Interactions-Difference spectroscopy studies 
were repeated in an identical manner to that already described except 
that a 0.025% cetrimonium bromide (cetrimide), 0.025% sodium lauryl 
sulfate, or 0.1% odnxynols solution was used in place of the protein. These 
solutions represent cationic, anionic, or nonionic surfactants, respectively, 
a t  concentrations above the critical micelle concentration. 


Fluorescence QuenchingSolutions of albumin were prepared over 
the concentration range of 1.45-14.5 X M. The fluorescence intensity 
of the native protein was recorded at excitation and emission wavelengths 
of 284 and 334 nm, respectively. The effects of 50-p1 additions of drug (5 
X lo-' M )  on the fluorescence of albumin were recorded. 


The fluorometric titrations were performed as follows: 2.0 or 3.0 ml of 
a protein solution of an appropriate concentration, contained within a 
1-cm quartz cell, was titrated by successive additions of drug solution. 
A concurrent titration of albumin and buffer was performed so that 
dilution effects could he considered and the magnitude of the fluorescence 
quenching could be adjusted appropriately. All fluorescence titrations 
were performed a t  an ambient temperature of 22 f 1'. 


Equilibrium Dialysis-Accurately pipetted samples (5-7.5 ml) of 
an albumin solution (1.45-14.5 X M) were added to one-half of a 
dialysis cell, and an identical volume of I (0.1-20 X M) in phosphate 
buffer was added to the other half. Equilibrium was obtained in 24 hr as 
determined by preliminary experiments. After dialysis was complete, 
an aliquot was removed from the drug side and concentrated sulfuric acid 
was added so that the final acid normality was 9. 


The solution was then assayed fluorometrically using excitation and 
emission wavelengths of 322 and 381 nm, respectively (4). A blank buffer 
solution was concurrently assayed and subtracted from the sample 
reading. The total concentration of free drug was calculated from the 
resulting fluorescence intensity, taking into account drug bound to the 
dialysis membrane and cells. 


RESULTS AND DISCUSSION 
Compound I was shown to bind to human serum albumin by the 


techniques of difference spectroscopy, fluorescence quenching, and 
equilibrium dialysis. An example of difference absorption spectra ob- 
tained, for the association of drug with protein is shown in Fig. 1. The 
spectra were characterized by positive peaks a t  212,243 f 3, and 294 nm 
and negative peaks a t  225 f 4 and 324 f 4 nm. The UV absorption 
spectrum of I a t  pH 7.4 was characterized by absorption bands a t  296 
(maxi and 286 nm (10). Families of curves were generated by incremental 
additions of I to albumin solutions of fixed concentrations (0.025,0.05, 
O.I,0.2, and 0.5%). 


Absorbance titration curves (Fig. 2) were generated by plotting the 
change in absorbance (measured as the difference in intensity of the peak 
a t  243 nm and the trough a t  225 nm) uersus concentrations of I added. 
Increasing concentrations of drug produced increasing absorhance 
changes that did not deviate from linearity until the drug to protein 
concentration was greater than 20. Limited drug solubility M) 
prohibited a more accurate approximation of the saturation of protein 
binding sites. Thus, amounts of bound and free drug could not be de- 
termined since a complete saturation of protein is necessary for the cal- 
culations. 


An example of data derived in the fluorescence quenching experiments 
is shown in Fig. 3. Linear portions of the titration curve extrapolated from 
the x and y axes gave the stoichiometric point from which the mole ratio 
of I bound to albumin was obtained. The association constants for the 


fl Model MPY-4, Perkin-Elmer Corp., Norwalk, Conn. 
' Hamilton Co.. Reno. Nev. 
BTriton X-100. Hohm and Haas, Philadelphia, Pa. 


Figure 1-Difference spectrophotometric titration curues of 3.62 X 2V6 
M human serum albumin with I (5 X M ) .  The numbers 200 and 
400 denote microliters of drug added. 


interaction of drug with protein were calculated from the curve using the 
methods of Attallah and Lata (11) (Table I). 


Data obtained from the equilibrium dialysis studies were graphed (Fig. 
4) according to Scatchard (12). 


Table I1 shows a comparison of binding sites and binding constants 
for the I-protein interaction obtained by the three experimental tech- 
niques. The data from the equilibrium dialysis experiments indicate that 
the number of high affinity binding sites was 0.459. A number closer to 
1.0, indicating a one-to-one interaction of drug to protein, would be more 
easily understood. One possible explanation for the low number is the 
dimerization of human serum albumin followed by its interaction with 
one drug molecule. However, this behavior is not likely at the low levels 
of protein utilized. Another explanation, the association of one drug 
molecule with two molecules of protein, is plausible because the drug has 
a high molecular weight and is relatively planar in conformation. Thus, 
it could conceivably bind between two protein molecules. 


Data from the equilibrium dialysis experiments further indicate that 
the number of secondary binding sites was 2.85, yielding a total number 
of sites of 3.30. These values compare favorably with primary and sec- 
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Figure %--Plots of absorbance difference [243 (peak)-225 (trough) nm] 
versus the mole rutio of I to human serum albumin. Slopes A-E  repre- 
sent the addition of increasing increments of I (5 X M) lo  3.62 X 


and 7.25 X 10-5M human 
serum albumin, respectiuely. 


7.25 X 1.45 X 10-s3 2.90 X 


0 Scatchard plots typically do not contain adequate numbers of r values less than 
1.0, usually due to the method of analysis chosen for the investigation of the albu- 
min-dtu complex or the resultant free drug concentration. The fluorescence assay 
used in tfis  fitudy enabled the determinatinn of many points below r = 1.0. 
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Figure 3-Fluorescence quenching of human serum albumin (2.9 X 
10-6 M) with increasing additions of I (5 X M). Fluorescence in- 
tensity was monitored using excitation and emission wauelengths of 284 
and 334 nm, respectively. The point a t  A represents 3.75 binding 
sites. 


. ondary binding sites of 0.39 and 3.15, respectively, determined by Mais 
et al. (13) for quinidine, a drug confnrmationally similar to I. An earlier 
study (14) reported that quinidine binds to a single class of sites with n 
= 1 and k = 7700. 


Fluorescence quenching experiments did not differentiate between 
primary and secondary binding sites but yielded an average total number 
of binding sites that compared favorably with the 3.30 from equilibrium 
dialysis experiments. 


In contrast to equilibrium dialysis and fluorescence quenching, dif- 
ference spectroscopy did not yield specific information concerning the 
total number of binding sites. A t  the lowest level of protein (0.025%) and 
the highest level of drug, a graph of spectral differences from 243 to 225 
nm uersus drug concentration revealed that the protein was becoming 


Table I-Quenching of Native Human Serum Albumin 
Fluorescence by I 


Albumin Association 
Concentration, Mole Ratio, Constant, 


M x lo+ n x 10-6 M-' 
1.45 3.50 1.64 
2.90 3.75 1.22 
1.20 4.00 1.58 


10.2 
14.5 


3.60 
4.00 


~ ~~ 


1.35 
0.57 


0 Excitation and emission wavelengths were 284 and 334 nm. respectively, in 1 -cm 
quartz cells at 22 i lo .  


r 
Figure 4-Scatchard plot of r/A versus r for the human serum albu- 
min-I titration for an  albumin concentration of 1.45 X M. A and 
B represent the binding constants for primary and secondary binding 
sites, respectively; C and Z l  represent the number of primary and sec- 
ondary binding sites, respectiuety. 


saturated with drug at a 201 drug to protein ratio. Binding constants for 
I calculated from both equilibrium dialysis and fluorescence quenching 
experiments were comparable and were in the range of 0.57-4.00 X 106 
M-'. 


T o  elucidate the types of binding sites of I on albumin, the character- 
istics of curves generated by adding I to solutions of surface-active agents 
were studied. Difference spectra were generated as described previously, 
except that surface-active agents were substituted for protein. Addition 
of drug to an anionic surfactant produced negligible changes in absorb- 
ance. Addition of drug to a cationic surfactant produced,small absorb- 
ance changes at 267 (peak) and 258 (trough) nm. Difference spectra with 
a nonionic surfactant (Fig. 5) produced a bathDchromic shift similar to 
that observed between drug and albumin, indicating that binding was 
possibly occurring at a nonionic or hydrophobic site on the protein. 
Troughs appeared at 320 and 275 nm, and a peak appeared a t  248 nm. 
The intensity of the peak was proportional to the quantity of drug 
added. 


The hydrophobic or hydrophilic nature of binding sites on human 
serum albumin also was studied by other investigators (15, 16). Sudlow 
et al. (15) used dansyl sulfonamide and dansyl sarcosine as specific flu- 
orescence markers to study two distinct binding sites on the albumin for 
anionic drugs such as warfarin, iophenoxic acid, and flufenamic acid. 
Gabay and Huang (16) used difference spectroscopy and fluorescence 
quenching experiments to demonstrate binding of phenothiazines to 
hydrophobic sites on human serum albumin. Sjoholm and Ljungstedt 
(17) found that the portion of albumin containing tryptophan is hydro- 
phobic in nature. 


The observed fluorescence quenching of albumin by I in the present 
studies could indicate that the drug is being bound near tryptophan a t  
a hydrophobic site. Since the fluorescence of albumin arises mainly 
090%)  from the aromatic tryptophan residue (one tryptophan per al- 
bumin molecule) and since that region of the albumin is hydrophobic (16, 
171, a decreased fluorescence on titration of the albumin with I indicates 
that the tryptophan region is involved. Also binding studies of several 
tranquilizers and depressants with pKa values similar to I (pKa 8.3) re- 
vealed that those drugs with high binding constants (2105 M-*) are 
bound hydrophobically (18). 


I t  is not clear which portions of the structure of I are involved in hy- 
drophobic binding to the albumin. Previous data obtained a t  pH 7.4 


Table 11-Binding Sites and  Binding Constants for the 
Interaction of I and  Human Se rum Albumin 


Binding Constant, 
Method Binding Site, n x 10-6 M-' 


Equilibrium dialysis Primary (0.45) 4.00 
Secondary (2.85) 0.76 


Fluorescence quenching Total (3.5-4.0) 0.57-1.64 
b Difference spectroscopy >20" - 


Does not represent n hut represents total sites occupied before the protein is 
saturated with drud. * Preliminary estimates of k ,  using methodology similar to 
that in enzyme kinetics yielding K,. suggest a value of 7 X loK M - l .  
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showed that the monocation is the predominant species (10) and that the 
neutral form of the drug (occurring to the extent of 10-12%) exists as an 
intramolecular-bonded species (Scheme I). Additional studies also 
demonstrated that the pyridinic nitrogen is not protonated a t  pH 7.4 (10). 
Further investigation indicated that the pKa of the pyridinic nitrogen 
is 0.0, a low pKa for such a nitrogen (the pKa of pyridine is 5.2). The low 
value was attrihuted to both steric and inductive effects of the two tri- 
fluoromethylphenyl suhstituents. These effects should diminish possible 
hinding of alhumin at  the pyridinic nitrogen of I and further support the 
possibility for hydrophobic forces being responsible for the drug-albumin 
interaction. 


There is possibly additional attachment of I to human serum albumin 
a t  pH 7.4 cia the quaternary nitrogen functionality. Most antimalarials 
exist as mono- or dications a t  physiological pH (19) and can potentially 


t- - 


W 
Figure 5-Diffrrencc spectra of the interaction of 0.025% cetrimonium 
hromidc (curves A) and 0.1 Sb octoxynol (curves R) with I .  The famil ics 
of curves iiiere genrrated by titrating each substance with 5 0 - p l  incre- 
ments o f 1  (.5 X M). 


interact with protein via the charged site. In the case of chloroquine (pKa 
7.78), both species are available a t  pH 7.4; however, Parker and Irvin (20) 
showed that only the monocation interacts reversibly with bovine serum 
albumin. Evidence in this study for the possible attachment of I t o  al- 
bumin via the quaternary nitrogen functionality is the occurrence of red 
shifts of up to 10 nm obtained from difference spectroscopy experiments 
on addition of drug to albumin (or of albumin to drug). These shifts may 
represent a small change in the tertiary or quaternary structure of the 
protein. These types of shifts were also reported in the difference spectral 
study of chloroquine (19). 


In summary, binding sites and binding constant data for I by equilib- 
rium dialysis and fluorescence quenching methods are comparable. The 
data indicate that human serum albumin has between three and four 
binding sites per molecule for I, with a binding constant of approximately 
1 X I06 M-I .  Fluorescence quenching experiments and drug-surfactant 
interaction studies revealed that binding of the drug is possibly occurring 
a t  a hydrophobic site on the albumin. Difference spectroscopy data 
provided some evidence for additional attachment of drug to albumin 
via the charged exocyclic nitrogen. 
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111). The assay error exceeded 5% for all samples containing 0.50 pg/ml 
or less of pentoharhital. The assay error was below 5% for all samples 
containing pentoharhital between 0.75 and 15.0 pglml of serum. 


The method is specific for pentobarbital. Except for thiopental, it was 
resolved from 13 other barbiturates (Fig. 2). A similar quantitative de- 
termination for these barhiturates should he applicable. 


This rapid assay can be used to conduct single oral dose pentobarbital 
bioavailahility studies in adult and pediatric patients using only 0.1 ml 
of' serum. This procedure also is applicahle to the general screening of 
some other harhiturates in biological fluids. 
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Abstract IJ Anthralin and its decomposition products were separated 
by both column chromatographic and TLC techniques. Two decompo- 
sition products were characterized by TLC, melting-point data, and IJV 
and IR spectroscopy. Pure anthralin and i t s  decomposition products also 
were determined quantitatively. 


Heyphrases 0 Anthralin-column chromatographic and TLC analysis 
and separation from decomposition products 0 Chromatography, col- 
umn analysis and separation of anthralin from decomposition products 
o 'I'IL-analysis and separation of anthralin from decomposition 
products Decomposition products, anthralin - column chromato- 
graphic and TLC analysis and separation Antipsoriatic agents-an- 
thralin, column chromatographic and TIX analysis and separation from 
decomposition products 


The first use of anthralin (1,8,9-anthracenetriol) for 
topical therapy of psoriasis was noted in a report on 
chrysarobin, a related compound, in 1878 (1). Psoriasis is 
a skin disease characterized in part by epidermal hyper- 
plasia and, therefore, should be controllable with an- 
timetabolic drugs. It has been assumed that anthralin acts 
by blocking cell division (2). Although local treatment of 
psoriasis vulgaris with corticosteroid creams under plastic 
occlusion is accepted widely, psoriasis is still treated with 
anthralin pastes (USP XIX) (3-6). 


In treating psoriatic lesions with commercial anthralin, 
two side effects were documented: staining of skin and 
clothing and irritation of surrounding normal skin. An- 
thralin is relatively unstable in the presence of air, light, 
and heat (7). Since commercial anthralin samples contain 
degradation products, it was not clear what relationship 
existed between anthralin and its degradation products 
with regard to  therapeutic effectiveness and side effects. 
It was reported (2, 8, 9) that any therapeutic effect in 


Table I-Rf Values for  Anthralin and Its Decomposition 
Products 


Rf (XlOO) 
Anthra- Dan- Dian- 


Solvent System Plates lin thron throne 


Benzene-cyclohex- Silica 42 35 21 


Benzene-cyclohex- Silica 31 20 11 


ane-methanol 
( 15:15:0.25) 


ane-acetic acid 
(15: 15:O.s) 


ane-methanol treated silica 
(1 5: 150.25) 


ane-acetic acid treated silica 
(15:15:0.5) 


Benzene-cyclohex- Compound I -  54 41 27 


Benzene-cyclohex- Compound I- 32 20 7 


psoriasis results from anthralin and not its decomposition 
products. These findings supported that of Comaish et al. 
(lo), who noted that discolored anthralin pastes (possibly 
containing large amounts of the quinone) are ineffective 
in treating psoriasis. 


The aims of the present research were to investigate the 
purity of a commercial anthralin sample and to  separate, 
identify, and determine any decomposition products in 
order to judge the stability and the potency of preparations 
of the drug as an antipsoriatic agent. 


EXPERIMENTAL 


Materials-Commercial anthralin NF and reference samples of an- 
thralin, danthron, and dianthrone were used as received'. All solvents 


I Pfaltz and Beuer, Stanford, Conn. 
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Table 11-UV Spectroscopy Data f o r  Anthralin and Its 
Decomposition Products 


Maximum Absorbance 
ComDound (X,.,).nm Molar Absorutivitv I d  


An thralin 356 1.03 x 104 
Danthron 432 1.19 x 104 
Dianthrone 368 3.13 x 104 0 


The molar absorptivity of dianthrone was calculated on the hasis of the mo- 
lecular weight 450.4 found by Segal et al (17). 


were reagent grade and distilled before use. TLC was accomplished on 
0.25-mm layers of silica gel 60 GF2542, precoated plates of the same ma- 
terial, and 0.25-mm layers of silica gel 60 H containing ethylenedi- 
aminetetraacetic acid ( I )  prepared by the method of Arends (11). Column 
chromatography was accomplished on specially purified silica gel con- 
taining 2% I prepared according to the method of Arends (1 1). 


Separation by Column Chromatography-A 500-mg sample of 
commercial anthralin NF was applied to  a column containing 100 g of 
specially purified silica gel containing I and chromatographed with 
benzene-cyclohexane-methanol(15:150.25). The resulting fractions were 
examined by TLC. A brown-violet zone, which remained a t  the top of the 
column, was eventually eluted with methanol. 


Identification of Fractions-TLC-Routinely, 5 pl  of each fraction 
was applied to both silica gel TLC plates and I-treated silica gel layers 
on glass plates, and all plates were developed with either benzene-cy- 
clohexane-methanol (15150.25) or benzene-cyclohexane-acetic acid 
(1515:0.5). The plates were air dried, and the spots were identified by 
color, fluorescence, and Rf values compared with reference samples 
(Table I). 


Melting Point -The three separated compounds were recrystallized 
from benzene-cyclohexane-methanol, yielding pure characteristic 
crystals for each compound. The melting points of the obtained com- 
pounds were determinedg. 


UV Spectroscopy-Solutions (0.00116 w/v) of the three isolated 
compounds in chloroform were prepared. The UV spectra of the solutions 
were examined4 from 750 to 350 nm (scan speed of 5 nm/sec), and the 
absorption maxima (Amax) as well as the molar absorptivity ( t )  of each 
compound were determined (Tahle 11). 


IR Spectroscopy-IR spectra were obtained for anthralin, danthron, 
and dianthrone using potassium hromide pellets5. 


Quantitation of Anthralin and  Its Decomposition Products- 
Three random samples of commercial anthralin NF, 50 mg each, were 
dissolved in chloroform, and the volume of the solution obtained was 
adjusted to 25 ml in a volumetric flask. A 0.5-ml sample of each solution 
was diluted to 50 ml with chloroform to give a concentration of 20 pg/ml. 
These solutions were measured a t  356,432, and 368 nm, corresponding 
to anthralin, danthron, and dianthrone, respectively. Since the absorption 
maximum of anthralin interfered with that of dianthrone because of their 
closeness, it was not possible to determine dianthrone in the presence 
of anthralin. However, because dianthrone was present in low concen- 
tration compared to anthralin, dianthrone did not interfere with the 
determination of anthralin in the commercial form. I t  was necessary to 
separate the mixture into its components by TLC prior to quantitation. 
A standard absorbance-concentration curve was determined for each 
compound and was used to estimate its percentage content in the com- 
mercial anthralin sample (Tahle In ) .  


RESULTS AND DlSCUSSION 


Anthralin is official in the USP and NF. In ointment form at concen- 
trations of 0.1, 0.2, 0.25, 0.4, 0.5, and 5%, it is categorized as a topical 
antipsoriatic. Topically applied anthralin not only provides a proven 
efficaceous treatment for psoriasis but is also free from systemic toxicity 
when used in low concentrations (4,12-14). Anthralin is preferred over 
drugs such as steroids, because the prolonged use of steroids commonly 
induces a facial erythema. Systemic steroids for psoriasis treatment 
should be avoided whenever possihle because they may induce a more 
severe form of the disease (15). 


The degradation products of anthralin constitute one of the most ob- 
jectionable aspects of anthralin treatment because they are responsible 
for staining of skin and clothing and irritation of surrounding normal skin 


2 E. Merck and Co. 


4 Cary model 118 reeording spectrophotometer. 
6 Perkin-Elmer 437 grating spectrophotorneter. 


Thomas-Hoover capillary melting-point apparatus 


Table 111-Percent of Anthralin and  Its Decomposition Products 
in a Commercial Anthralin Sample 


Amount Found, % 
Compound TLC Method Direct Spectrophotometric Method 


Anthralin 93.83 
Danthron 4.25 
Dianthrone 1.38 


95.00 
3.75 
1.25 


(2,8,16). Few reports deal with the separation and identification of an- 
thralin decomposition products (2, 17, la) ,  and none deals with the 
quantitation of these products in anthralin. Segal et a&. (17) claimed that 
a commercial quality material of anthralin was purified by TLC on silica 
gel with benzene. However, since impure anthralin is soluble in benzene, 
its decomposition products probably are not separated from anthralin 
with benzene alone as an eluant (19,20). Thielemann (18) used TLC on 
silica gel with heptane-benzene-chloroform (1:l:l) as the eluent for 
separation and identification of anthrarobin and anthralin. The same 
solvent system also was used by Fisher and Maibach (2) for separation 
of purified anthralin from its decomposition products, and they identified 
these products according to the method of Segal et at. (17). 


TLC-In this study, anthralin and two decomposition products were 
separated from commercial anthralin (Table I). The two decomposition 
products were identified as danthron (1,8-dihydroxy-9-anthrone) and 
dianthrone after matching with reference samples. A very small spot of 
a violet-colored artifact was noted a t  the origin on the thin-layer plate. 
This spot may have resulted from the reaction of traces of iron present 
in commercial silica gel with anthralin. With colu'mn chromatography, 
a violet-colored zone remained at the top of the column. 


The formation of this artifact was prevented either by using salicylic 
acid-treated silica plates (0.2% w/v in methanol) or by adding salicylic 
acid to anthralin in a ratio of two parts of salicylic acid to one part of 
anthralin. The quantity of the artifact was also greatly reduced when 
I-treated silica gel was used. The salicylic acid may have prevented the 
formation of the violet-colored artifact by the formation of an iron sali- 
cylate, thus effectively removing iron from the presence of anthraqui- 
nones. Compound I chelated most of the iron in the I-treated silica, but 
small quantities of the artifact were observed. 


Melting Point-Anthralin was separated as lemon-yellow crystals, 
mp 181-182' [lit. (q1) mp 175-181'1. Danthron was obtained as or- 
ange-yellow crystals, mp 193.5-195' [lit. (20) mp 193-197'1. Dianthrone 
was crystaklized as yellow platelets, mp 233-234' [lit. (17) mp 235- 
237'1. 
UV Spectroscopy-Table I1 shows the maximum absorbance (Amax) 


and the molar absorptivity (0 of anthralin, danthron, and dianthrone 
in chloroform. 


IR Spectroscopy-The IR spectra (potassium bromide) of all three 
compounds were similar. In the 4000-1700-~m-~ region, all three were 
identical. Minor differences were found in the fingerprint region. All 
compounds exhibited peaks in the 1635-1640-cm-* region, characteristic 
of H-bonded C=O conjugated to an aromatic nucleus. 


Quantitation of Anthralin and Its Decomposition Products-USP 
XIX considers danthron as a common constituent of anthralin and offers 
an equation for the calculation of both compounds in powder or in oint- 
ment form. However, danthron reportedly is inactive as an antipsoriatic 
agent (2,8,9) and is partly responsible for the objectionable side effects 
of anthralin (2,9,15). 


In this study, two decomposition products for anthralin were found. 
Therefore, it was necessary to determine each one to judge the potency 
and, thereby, the therapeutic effectiveness of the drug. Accordingly, a 
precise determination of anthralin and its decomposition products was 
accomplished by separating the mixture by TLC prior to the quantitation 
of each component spectrophotometrically a t  its own wavelength (Table 
Ill). By this method, it was possible to determine quantitatively anthralin, 
danthron, and dianthrone without any interference or overlapping. 


If the original concentration of the commercial anthralin sample is 
known, it is possible to determine the concentration of the components 
by direct spectrophotometric measurement. These determinations were 
made by observing the absorbance at  two wavelengths (356 and 432 nm) 
for anthralin and danthron and then obtaining the amount of dianthrone 
by algebraic difference (Table 111). 
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Abstract 0 Carbamates derived from various N,N’-disubstituted di- 
amines were synthesized and evaluated as repellents for Aedes aegypti 
mosquitoes with an in uitro blood-feeding test system. Several com- 
pounds were more effective than diethyltoluamide. 


Keyphrases Carbamates from N,N’-disubstituted amines-syn- 
thesized and evaluated as mosquito repellents 0 Repellents, mos- 
quito-various carbamates derived from N,N’-disubstituted diamines 
synthesized and evaluated 0 Structure-activity relationships-various 
carbamates derived from N,N’-disuhstituted diamines evaluated as 
mosquito repellents 


Carbamates as mosquito repellents were discussed 
previously (1). Substituted 2-oxazolidones were synthe- 


sized and found to possess repellent activity (1). However, 
improvement of their repellency was desired, and a new 
synthetic effort was initiated to prepare carbamates from 
N,N’-disubstituted diamines. 


To vary the boiling-point ranges of the proposed repel- 
lents, syntheses were concentrated on ethylenediamine, 
diethylenediamine, and triethylenediamine derivatives. 
Previous studies (1) showed that repellency duration is 
a function of boiling points or volatility of repellents. 


These compounds were evaluated in the in oitro mos- 
quito blood-feeding test system reported previously (2). 
Mosquitoes used for these evaluations were female Aedes 
aegypti (yellow fever mosquito). 


R,N(CH,CH&NR, 
I 
R, 


I Table I-Physical and  Biological Properties of Carbamates Derived from N,N‘-Disubstituted Diamines R2 


Boiling 
D-:.-& Reoellencv r uiiia. 


Compound R I  Rz R3 R4 n (0.5 mm Hg) EDso EDw, r 


CsH7 H C3H7 COzCH3 1 900 2.8 79 -0.97 
CiHo H CiHo COoCHi 1 1020 0.12 0.59 -0.88 


COzCH3 CBH; COiCH; 1 1100 0.049 
COzCHs C4H9 C02CH3 1 130° 0.014 
H C6H13 C02CH3 1 146’ 0.028 
COzCH3 C6H13 C02CH3 1 160’ 0.036 
H C3H7 C02CH3 2 1120 0.25 


H C I H ~  C O ~ ~ ~ H I  3 131’ 0.23 
COzCHs C3H7 C02CH3 2 141’ 0.020 


0.13 -0.92 
0.072 -0.87 _._ .- 
0.083 -0.79 
0.21 -0.84 
2.5 -0.68 
0.073 -0.96 
4.0 -0.68 


Xi C02CH3 CjH; CO&H, 3 155O 0.018 0.10 -0.82 
Diethyltoluamide m o o  0.031 0.10 -0.81 
N,N’-Dihexamethylenecarbamide 130’ 0.00081 0.056 -0.83 


And-Calc. for C10H22N20: C, 59.37; H, 10.98 N, 13.85. Found: C, 58.84; H, 11.03; N, 13.76. See Experimental. Anal.-Calc. for C12H2,N 04: C, 55.36; H, 9.29; 
N, 10.76. Found: C, 55.15; H, 9.23; N, 10.70. Anal.-Calc. for Cl~H34N202: C, 67.08; H, 11.96; N, 9.78. Found: C, 66.99 H, 11.87; N,9.66. e Anal.-&lc. for ClsH3sNaO4: 
C, 62.75; H, 10.53; N, 8.13. Found: C, 63.05; H, 10.74; N. 8.23. Anal.-Calc. for C1 H26N202: C, 62.57; H, 11.38; N, 12.16. Found C, 62.44; H,  11.54; N, 12.05.8 Aml.--Calc. 
for C ~ H s N z 0 4 :  C, 58.30; H, 9.79; N, 9.72. Found C, 57.99; H, 9.85; N, 9.68. Anaj.-Calc. for C ~ ~ H ~ ~ N Z O Z :  C, 65.07; H, 11.70; N, 10.84. Found C, 65.07; H, 11.74; N, 10.66. ’ And-Calc. for C16H3&04: C, 60.73; H, 10.19 N, 8.85. Found: C, 60.65; H, 10.39; N, 8.66. 
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Abstract  0 The dissolution profiles of prednisone, digoxin, and 
griseofulvin in simulated C I  fluids were determined after solvent depo- 
sition or  ball milling with three commercially available grades of amor- 
phous silicon dioxide. The former procedure resulted in adsorbates 
showing evidence of drug entrapment hy the two grades with larger av- 
erage pore diameters. Hall milling the drugs with the grade possessing 
the largest average particle diameter produced triturations with the 
slowest dissolution rates. A relationship between drug dissolution and 
extent of dilution with the amorphous silicon dioxides was shown. Par- 
ticle-size measurements revealed that the ball milling procedure was more 
apt l o  broaden the size distribution as compared with the solvent-de- 
position method of drug incorporation. 


Keyphrases 0 Dissolution rate-effects of amorphous silicon dioxides 
on prednisone, digoxin, griseofulvin, simulated GI fluids, solvent depo- 
sition compared to ball milling Silicon dioxide, amorphous-effect on 
dissolution rates of prednisone, digoxin, griseofulvin in simulated GI 
fluids, solvent deposition compared to hall milling Dispersions, 
solid-effect of amorphous silicon dioxides on prednisone, digoxin, 
griseofulvin, simulated GI fluids, solvent deposition compared to ball 
milling 


Various water-insoluble drugs, solvent deposited on 
fumed silicon dioxide, have been reported to have more 
rapid dissolution rates than the pure micronized drugs. 
Surface area of the acidified and basified silica gel adsor- 
bents was a controlling factor for the increased dissolution 
rate of these adsorbate samples (1). 


This study evaluated the effects of three commercial 
grades of amorphous silicon dioxide on the dissolution 
rates of digoxin, griseofulvin, and prednisone. The mi- 
crometer-sized, synthetic, amorphous silicon dioxides 
possess a unique combination of properties. Purity, non- 
toxicity, uniformity, chemical inertness, large surface area 
and porosity, controlled particle size, and a high adsorptive 
capacity for both oil and water characterize these versatile 
products. The three grades selected differ from one an- 
other in surface pH, particle size, surface area, and pore 
volume and diameter (Table I). 
’ In addition to the customary procedure of solvent de- 


position, ball milling was used to spread each drug on the 
amorphous silicon dioxide surfaces. Earlier studies had 


shown that ball milling was superior to solvent deposition 
for preparing drug-lactose triturations (2, 3). Besides 
comparison of these two methods, the effect of pore di- 
ameter on the dissolution rate of entrapped drug molecules 
was studied. 


EXPERIMENTAL 


Materials-The following were obtained from commercial sources: 
amorphous silicon dioxides’, digoxin2 USP, griseofulvin3 USP, predni- 
s0ne4 USP, sodium hydroxide5 USP, monobasic sodium phosphate6 USP, 
sodium chloride7 USP, reagent grade hydrochloric acid6, and absolute 
ethanol8. 


Equipment-The following were used: the USP XIX dissolution test 
basket assemblyg; a constant-temperature shaker bathlo; a grating 
spectrophotometer with digital display1’; a jar mill, 10.16-cm (4-in.) di- 
ameter with 1.27-cm (0.5-in.) diameter porcelain balls1*; a pH meter”; 
a particle-size cnunterI3; a US. standard sieve, 60 mesh14; a Swinny 
adapterI5, 13 mm; and filter paper, 0.45-pm poro~i ty’~.  


Preparat ion of Drug-Amorphous Silicon Dioxide Tr i tu ra -  
tions-The drug-amorphous silicon dioxide triturations were prepared 
in a weight ratio of 120. Simple blends were prepared by manual bottle 
tumbling for 15 min. Ball milled triturations were prepared from ho- 
mogeneous simple blends. Ball milling was carried out for 48 hr in a jar 
mill half-filled with porcelain balls. 


Solvent deposition consisted of dissolving prednisone or griseofulvin 
in sufficient absolute ethanol (80% ethanol was used for digoxin) and 
uniformly wetting the various silicas contained in a beaker. The mixture 
WAS stirred with a magnetic stirrer while the solvent was evaporated in 
an air stream. The residues were dried a t  37’ for 24 hr and passed through 
a 60-mesh screen to break up any agglomerates. The sieved material was 
hottle blended to ensure homogeneity. 


Syloid 63.72, and 266, Davison Chemical Division. W. R. Grace 8s Co., Balti- 


Ayerst Laboratories, New York. N.Y. 
The Upjohn Co., Kahnazoo, Mich. 
J .  T. Baker Chemical Co., Phillipsburg, N.J. 
Fisher Scientific Co.. Fair Lawn, N.J. 


US. Industrial Chemicals Co., New York, N.Y. 


Model DB-GT. Beckman Instrumentn. Fullerton, Calif. 


Dual Manufacturing Co., Chicago. 111. 


more, Md. 
2 Roussel Corp., New York, N.Y. 


’ Apache Chemicals, Seward, Ill. 


8 Hsnson Research Corp.. Northridge, Calif. 
I ”  Model WBR, New Brunswick Scientific Co.. New Brunswick, N.J. 


l 2  Paul 0. Abbe Inc., Little Falls, N.J. 
I n  Model T, Coulter Electronics Inc., Hialeah, Fla. 


I 5  Millipore Corp.. Hedford, Mass. 
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Table I-Physicochemical Analyses of Amorphous Silicon 
Dioxides 


Property Silica 63" Silica 72* Silica 266c 


Total volatiles (1750° F),  96 5.9 5.5 7.7 
hH (5% slurry) 3.8 6.8 8.0 


a20 % 0.035 0.062 0.09 
Sulfate, % 0.07 0.065 0.05 
AlzOs, % 0.03 0.074 0.05 
CaO, % 0.034 0.13 0.09 
Fe, ppm 50 70 70 
NHa. % - 0.02 0.02 
Oil adsorption, 75 195 315 


Through 325 mesh, % 99.95 100 100 
Bulk density, g/c? 0.34 0.145 0.08 


Pore volume, ml/g 0.43 1 .on - 
Average pore diameter, A 20 150 210 
Average particle size, pm 11.1 4.85 2 


lb/100 Ib 


Centrifuge density, g/cm:' 0.57 0.28 0.15 
Surface area, m2/g 760 290 295 


a Lot 334. Lot 4072. Lot 189; typical analysis. 


Table 11-Wavelengths of UV Light Used in Development of 
Calibration Curves for the Three  Drugs in Various Solvents 


Wavelength of Light, nm 
Solvent Digoxin Griseofulvin Prednisone 


Simulated gastric fluid 222 296 242 


Simulated intestinal fluid 222 296 245 


Absolute etianol - 290 240 
80% Ethanol 220 


(without pepsin) 


(without ancreatin) 


- - 


Triturations were assayed spectrophotometrically for content uni- 
formity. Only samples containing 100 f 5% of the required amount of 
drug were used in the dissolution studies. 


Spectrophotometric Absorption and Calibration Curves-Stock 
solutions were prepared by dissolving 100 mg of each drug in 50 ml of 
absolute ethanol or 80% ethanol (digoxin). Aliquots were diluted with 
appropriate solvents to develop absorption spectral and calibration 
curves. The following solution concentrations were employed: prednisone, 
20 pg/ml; griseofulvin, 10 pg/ml; and digoxin, 40 pg/ml. 


To blank out interference of colloidal silica particles on the UV mea- 
surements, stock suspensions of the silicas were prepared. Aliquots were 
added 201  (w/w) to the drug solutions. The suspensions were filtered 
through a 0.45-pm membrane filter before determinination of the ab- 
sorption spectral and calibration curves. Only in the case of digoxin was 
an interference found. An absorption spectral curve of one amorphous 
silicon dioxide (silica 63) in 8O%ethanol showed a maximum absorbance 
a t  228 nm. The maximum absorbance values for digoxin ranged from 220 
to 222 nm. Thus, the blanks used for the spectrophotometric measure- 
ments of digoxin solutions were the corresponding solvents plus the ap- 
propriate silica. For the measurements of prednisone and griseofulvin, 
the appropriate solvent without silica addition was adequate. 


All calibration curves determined a t  the wavelength of maximum ab- 
sorbance obeyed Beer's law. The wavelengths employed for calibration 
curves are summarized in Table 11. 


Assay of the DrugS i l i ca  Triturations-The various drug-silica 
triturations were extracted with absolute or 80% ethanol. The extracts 
were passed through a 0.45-pm membrane filter. After dilution with 
solvent, the absorbance was determined spectrophotometrically and the 
concentration was ascertained from the calibration curves. 


Dissolution Studies-The dissolution studies were conducted in 
simulated gastric fluid (without pepsin) and simulated intestinal fluid 
(without pancreatin) (4). The stability of the three drugs was satisfactory 
in these dissolution media after 2 hr of exposure a t  37O. An insignificant 
change in absorbance occurred after addition of 20-fold excesses of either 
silica 63 or 266. On the basis of these observations, the possibility of drug 
adsorption by the silicas during the dissolution rate determinations was 
discounted (Fig. 1). 


A modification of the procedure of Monkhouse and Lach (1) was used 
to determine the dissolution rates of the three drugs and the various 
triturations. Simulated gastric fluid, 200 ml, was brought to 37' in a 
constant-temperature bath. The dissolution medium was stirred with 
the basket used in the USP dissolution test. The stirrer was vertically 
centered a t  a depth 2 cm from the beaker bottom and was maintained 
a t  60 rpm. 


l O O r  


> 


.-A- 


': 1; 30 45 60 ;5 90 105 120 
MINUTES 


Figure 1-Dissolution rate in simulated gastric fluids of selected 
samples of griseofuloin, digoxin, and prednisone solvent deposited on 
amorphous silicon dioxide (drug-silica 63 ratio, 1.20) compared with 
the pure drugs. Key: 0, griseofutvin (simulated intestinal f luid); 0,  
griseofuluin-silica 63 ( s imu la td  intestinal fluid ); 0, digoxin (simulated 
gastric f luid); ., digoxin-silica 63 (simulated gastric f luid); A, pred- 
nisone (simulated gastric fluid); and A, prednisone-silica 63 (simulated 
gastric f luid).  


Accurately weighed samples, equivalent to a quantity of drug to ensure 
sink conditions, were spread over the medium surface (digoxin, 9.44 mg; 
grisofulvin, 1.45 mg; and prednisone, 8 mg). Any large aggregates that 
formed a t  this stage were lightly broken up within 10 sec after sample 
addition. Aliquots of the dissolution medium were withdrawn periodically 
and passed through a 0.45-pm membrane filter. After appropriate dilu- 
tion, the absorbance was determined spectrophotometrically. 


Immediately after withdrawing an aliquot, an equal quantity of dis- 
solution medium was added to the beaker to maintain a constant volume. 
Cumulative corrections were made for the previously withdrawn aliquots 
in calculating the total amount of drug dissolved. Each point on the 
dissolution curves represents at least two determinations. 


In another series of experiments, 500 ml of dissolution medium was 
used. The quantity of sample added was 2.5-fold greater than that used 
in the experiments with 200 ml. The dissolution rate data are summarized 
in Tables 111 and IV. 


Ipitial screening experiments showed that the dissolution rates were 
not significantly altered when 0.02% polysorbate 80 was present in the 
media, so it was not used. 


Particle-Size Measurement-Pure drug, each of the three silica 
grades, and the drug-silica triturations were ultrasonically dispersed in 
an aqueous medium buffered a t  pH 2. The concentrations of the resulting 
aqueous dispersions were less than 0.01%. Aperture diameters ranged 
from 30 to 280 pm, and two apertures were routinely used. Each parti- 
cle-size determination was completed in less than 10 min. The particle- 
size data are summarized in Table V. 


RESULTS AND DISCUSSION 


A significant drop in digoxin potency resulted from 48-hr ball milling, 
making dissolution rate determination impossible. This potency drop 
was unexpected, since such ball milling operations were conducted a t  
room temperature with ingredients previously dried a t  37OI6. 


Digoxin (4.8%), solvent deposited on the three grades of silica, did not 
show a significant improvement in dissohtion rate in simulated gastric 
fluids (Samples 4-6 and 10-12) compared with the pure drug. However, 
the best of the three proved to be silica 63 (Samples 4 and 10) due to i ts  
larger surface area (Table I). Indications of digoxin instability were en- 
countered with the digoxin-silica 63 trituration but not with either of the 
other two17. 


The data in Table IV clearly show that the dissolution rate of digoxin 
in simulated gastric fluid increased as theqGantity of silica 63 increased 


_ _ _ _ ~  


18 Details of these observations will be presented in a future publication 
17 The stability studies will be described in a future publication. 
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Table 111-Dissolution of Digoxin, Criseofulvin, Prednisone, and The i r  1:20 Drug-Silica Tri turat ions in  Simulated Gastric Fluids at 
37" (Volume of Solvent, 200 ml) 


Solvent Method of Preparation Percentage Dissolved 
Simulated Simulated Solvent Simple Ball Gradeofsilica 15 30 45 60 90 120 


Sample Gastric Intestinal Deposition Blend Milling 63 72 266 min min min min min min 


1. Digoxin 
2. Digoxin" 
3. Digoxin 
4. Digoxin 
5. Digoxin 
6. Digoxin 
7. Digoxin 
8. Digoxin 
9. Digoxin 


10. Digoxin 
11. Digoxin 
12. Digoxin 
13. Griseofulvin 
14. Griseofulvin" 
15. Griseofulvin 
16. Griseofulvin 
17. Griseofulvin 
18. Griseofulvin 
19. Griseofulvin 
20. Griseofulvin 
21. Griseofulvin 
22. Griseofulvin 
23. Griseofulvin" 
24. Griseofulvin 
25. Griseofulvin 
26. Griseofulvin 
27. Griseofulvin 
28. Griseofulvin 
29. Griseofulvin 
30. Griseofulvin 
31. Prednisone 
32. Prednisone" 
33. Prednisone 
34. Prednisone 
35. Prednisone 
36. Prednisone 
37. Prednisone 
38. Prednisone 
39. Prednisone 
40. Prednisone 
41. Prednisone" 
42. Prednisone 
43. Prednisone 
44. Prednisone 
45. Prednisone 
46. Prednisone 
47. Prednisone 
48. Prednisone 
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28.9 
37.0 
20.4 
48.8 
33.3 
32.6 
17.6 
30.3 
12.5 
55.3 
48.9 
43.0 
19.1 


51.6 
32.0 
31.0 
31.0 
19.7 
23.2 
46.6 
14.0 
10.0 
33.8 
54.5 
30.5 
33.1 
30.9 
49.9 
50.0 
16.9 
16.0 
32.2 
67.6 
29.4 
44.5 
15.6 
40.0 
43.9 
23.0 
22.8 
22.3 
38.8 
65.5 
58.6 
16.1 
42.6 
55.0 


8.7 


32.8 
43.2 
22.2 
51.7 
37.3 
33.3 
19.1 
34.3 
14.0 
57.1 
46.9 
44.4 
29.7 
10.5 
55.6 
34.2 
35.3 
34.8 
22.6 
45.0 
50.8 
18.2 
11.9 
36.9 
57.0 
33.1 
36.8 
38.4 
53.1 
53.2 
29.9 
29.0 
40.6 
75.1 
43.0 
52.6 
17.4 
49.0 
54.3 
35.1 
34.9 
29.1 
46.3 
75.7 
63.9 
22.1 
49.6 
59.0 


37.7 
46.9 
24.8 
54.6 
39.0 
35.1 
21.2 
38.3 
16.5 
59.2 
47.4 
46.2 
35.3 
13.2 
56.6 
35.3 
37.7 
37.5 
24.0 
48.1 
54.7 
20.5 
13.0 
42.6 
56.5 
36.1 
38.2 
43.5 
55.2 
56.8 
40.9 
40.0 
46.2 
87.7 
50. I 
55.8 
19.5 
53.9 
58.9 
45.7 
45.0 
37.2 
51 .O 
76.4 
66.4 
26.9 
50.4 
60.4 


43.8 
51.6 
27.1 
55.4 
42.7 
36.7 
22.9 
40.3 
17.8 
61.1 
47.9 
46.4 
41.6 
16.6 
61.8 
36.9 
39.4 
39.6 
25.5 
50.8 
57.1 
21.4 
16.1 
46.0 
57.7 
37.9 
40.4 
47.4 
56.8 
59.0 
50.8 
51.6 
51.4 
91.7 
55.0 
56.8 
20.8 
55.7 
61.2 
59.3 
58.9 
43.1 
54.4 
76.6 
67.5 
29.1 
50.5 


52.4 
59.7 
30.5 
58.5 
46.0 
39.8 
26.9 
41.5 
20.1 
62.8 
48.5 
41.2 
47.7 
19.9 
65.8 
36.8 
42.6 
42.6 
26.6 
54.0 
60.5 
24.4 
20.4 
49.2 
59.0 
38.8 
42.2 
51.7 
59.6 
63.4 
65.8 
66.2 
59.1 
94.7 
60.2 
58.8 
21.4 
57.3 
63.6 
69.4 
68.2 
52.3 
59.4 
76.9 
68.3 
34.4 
51.2 


61.2 62.1 


59.2 
67.8 
34.9 
61.2 
49.2 
44.3 
29.0 
42.2 
22.0 
63.7 
50.8 
50.5 
53.4 
22.9 
69.2 
37.7 
45.3 
45.3 
28.3 
56.8 
63.6 
25.7 
23.5 
52.6 
58.7 
40.5 
44.3 
55.2 
62.2 
65.2 
75.4 
73.6 
65.1 
96.4 
65.0 
59.5 
21.8 
57.4 
64.7 
82.0 
80.4 
58.5 
64.6 
78.1 
69.1 
37.1 
51.6 


a Each drug was dissolved in absolute or 8Wethanol (digoxin). The  solvent was evaporated in the absence of silica in an air stream and then dried at 37' for 24 hr. The 
crystalline residue was passed through a 60-mesh screen. 


(Samples 49-56). Minimal improvement in the dissolution rates of drugs 
with the addition of fumed silicon dioxide above 10% was reported (1). 
The dissolution profiles in Table IV reveal that increased dilutions of the 
amorphous silicon dioxides favor a more rapid digoxin dissolution rate. 
The increased dissolution rate became apparent only in the 120-min 
study, which is why it was missed by previous researchers using a 14-min 
experimental design (1). The 120-min dissolution study clearly shows 
the advantage of adding additional adsorbent. 


Significant portions of the total drug went into solution within the first 
15 min (Table 111). Thus, while 55.5% (Sample 55) of the digoxin had 
dissolved within the first 15 min, only 12.4% more dissolved after an ad- 
ditional 105 min. The dissolution profiles reported previously (1) also 
are indicative of a reduction in rate after 14 min. Increased dissolution 
of solvent-deposited phenylbutazone with increased silicon dioxide 
concentration has been reported (5). In agreement with our findings, these 
authors also showed that incomplete recovery of the solvent-deposited 
phenylbutazone occurred with the more concentrated triturations. 


Whereas the simple blend was not of value for digoxin (Sample 31, it 
enhanced the griseofulvin dissolution rate in simulated gastric fluid 
(Sample 15). Solvent deposition of 4.8% griseofulvin on each of the three 
silicas produced equally inefficient triturations as measured in simulated 
gastric fluid (Samplea 16-18). In simulated intestinal fluid, the dissolution 
rate of pure griseofulvin was much slower (Samples 22 and 23). In this 
dissolution medium, the simple blend (Sample 24) and the three silica 
triturations prepared by solvent deposition (Samples 25-27) all showed 
significant improvement over micronized griseofulvin (Sample 22). 


562 f Journat of Ptrsrmceutical Sciences 
Vol. 68, No. 5, May 1979 


Solvent deposition of 4.8% griseofulvin on silica 63 showed the expected 
rapid dissolution rate in simulated intestinal fluid (Sample 25). 


Griseofulvin, 4.8%, with silica 266 unexpectedly yielded the best dis- 
solution rate after 48 hr of ball milling (Sample 30). followed by silica 72 
(Sample 29). This order is exactly the rank order in average particle size 
(Tables I and V). Thus, silica 266, with the finest particle size (2.05 pm) 
significantly increased in particle size when ball milled (15.3 pm) or when 
treated with solvent (22.4 pm). Such increases probably result from an 
aggregation of particles with little further reduction in size of individual 
silica 266 particles. 


Silica 63 has the largest particle size (9.2 pm), and one would expect 
the generation of more fines from its ball milling. Ball milling silica 63Is 
with griseofulvin yielded a trituration with smaller particle size and a very 
broad cumulative particle-size distribution (7.8 pm; V = 2.6). Thus, an 
increase in the production of fines and a decrease in particle size might 
possibly favor the trapping of drug particles beneath and between the 
fine particles of silica 63. With silica 266, the large increase in average 
particle size may be due primarily to the buildup of large, softer agglo- 
merates from which the drug particles can be expected to dissolve more 
readily. Silica 7219 had an intermediate average particle size (3.4 pm). 
I t  yielded an intermediate particle-size increase on ball milling with 
griseofulvin (10.3 pm). Solvent treatment of silica 63*O led to an insig- 


Lot 22288. 
Lot 3580. 


20 Lot 334. 







Table IV-Dissolution of Digoxin, Griseofulvin, Prednisone, and Various Drug-Silica 63 Triturations Prepared by Solvent Deposition 
(Volume of Simulated Gastric Fluid, 500 ml) 


Concentration Percentage Dissolved 
30 45 60 90 120 


min min min min min of Drug in 15 Sample Sample, % min 


49. Digoxin 
50. Digoxin" 
51. Digoxin 
52. Digoxin 
53. Dinoxin 


100 
100 
90 
80 
50 .. 


54. Diiixin 25 
55. Digoxin 10 
56. Digoxin 4.8 
57. Criseofulvin 100 
58. Criseofulvin" 100 
59. Criseofulvin 90 
60. GriReofuIvin 80 
61. Criseofulvin 
62. Criseofulvin 
63. Criseofulvin 
64. Criaeofulvin 
65. Prednisone 
66. Prednisone" 
67. Predninone . . - . -. . .- -. . . 
68. Prednisone 
69. Prednisone 
70. Prednisone 
71. Prednisone 
72. Prednisone 


-. 


50 
25 
10 
4.8 


100 
100 
90 
80 
50 
25 
10 
4.8 


19.5 
26.5 
19.1 


22.0 
33.3 
18.8 


24.3 
37.8 
20.2 


30.4 
41.2 
21.1 


35.9 42.3 
47.3 51.0 
22.6 24.2 


23.8 24.4 26.5 29.4 31.1 34.6 
36.5 43.1 47.1 48.6 49.3 52.8 
47.5 52.9 57.1 57.7 59.5 62.4 
55.5 57.7 61.4 63.8 65.2 67.9 
56.8 59.9 61.0 62.7 66.7 68.6 
18.2 25.5 33.4 43.5 51.4 53.8 
7.3 9.7 12.7 15.2 17.9 21.7 
9.2 12.1 15.3 16.8 20.6 23.4 
6.9 11.6 13.8 13.9 17.0 19.9 


22.1 26.5 32.1 38.7 38.2 41.0 ~~ - .~ ~ ~~ ~ 


20.5 24.5 27.0 29.5 33.1 37.7 
33.4 36.8 39.2 41.9 46.4 50.5 
28.4 32.2 34.5 36.1 37.7 39.4 
15.2 27.1 41.1 49.6 62.3 74.9 
17.0 26.0 39.5 50.6 68.7 75.8 
22.2 39.6 51.4 58.7 72.1 83.4 
41.0 50.9 60.2 68.3 76.2 04.2 
64.5 68.8 75.2 78.8 85.0 86.5 
57.7 63.6 65.6 68.7 73.4 74.4 
34.0 40.2 46.4 50.6 57.2 61.6 
46.5 52.3 59.8 62.0 67.4 69.3 


~ ~~ ~~~ 


a Each drug was dissolved in absolute or 80% ethanol (digoxln) The solvent was evaporated in the absence of silica 63 in an air steam and then dried at  37" for 24 hr 
The crystalline residue waa passed through a 60-mesh screen 


Table V-Particle-Size Data of Griseofulvin, Prednisone, and Selected Drug-Silica Triturations 


Sample 


Method of Preparation Dual 
Solvent Ball Aperture 


Deposition Milling Diameters, pm 


Average 
Particle 
Size, pm V 


Width a, 


Silica 63, lot 22288 
Silica 63 
Silica 63 
Silica 63 + griseofulvin 4.8% 
Silica 63 + prednisone 4.8% 
Silica 63b 
Silica 63 + griseofulvin 4.8% 
Silica 63 + prednisone 4.8% 


Silica 63 
Silica 63 + prednisone 4.8% 
Silica 63 + prednisone 9% 
Silica 63 + prednisone 25% 
Silica 63 + prednisone 50% 
Silica 63 + prednisone 80% 
Silica 63 + prednisone 90% 


Silica 72 


Silica 72 


Silica 63, lot 334 


Silica 72, lot 4072 


Silica 72, lot 3580 


+ + + + + + 


+ + + 


+ + + 


+ + + 


50 t 140 
50 + 140 
50 + 140 
50 + 140 
50 + 140 
50 + 140 
50 + 140 


50 + 140 
50 + 140 
50 + 140 


140 + 280 
140 + 280 
140 + 280 


9.2 1.15 
12.0 2.4 
7.8 2.6 


15.3 1.3 
23 1.3 


140 + 280 21 1.15 


30 + 100 4.85 1.15 


30 + 100 3.4 1.15 
Silica 72 9.7 2.15 
Silica 72 + griseofulvin 4.8% 10.3 2.1 
Silica 72 + prednisone 4.0% 50 + 100 9.4 2.05 
Silica 72b 6-8 - C 


Silica 72 + griseofulvin 4.8% 4.0 0.9 
Silica 72 + prednisone 4.8% 4.3 1.4 


Silica 266 15.3 2.15 
Silica 266 + griseofulvin 4.8% 13.7 2.2 
Silica 266 + prednisone 4.8% 11.0 1.7 
Silica 266 + 22.4 3.4 
Silica 266 t griseofulvin 4.8% + 19.9 3.2 
Silica 266 + prednisone 4.0% + 15.8 2.4 


Prednisone 59 0.85 
Prednisone + 28 0.95 
Griseofulvin + 31 0.85 
Griseofulvin 7.7 0.95 


Silica 266, lot 158 
Silica 266 2.05 1.15 


Pure drugs 


30 + 70 
100 + 200 


0 The parameter V is a measure of the width of a particle-size distribution. Mathematically such width corresponds to dispersion around a central measure such as the 
average, mean, median, or mode. V is dimensionless and is calculated from the 84% (DI) and 16% (,&) points of the cumulative curve: V = a - 1. For a true log 
normal distribution, V = u - 1 where ua is the geometric standard deviation. In practice, most dlstributions are skewed, and V t 1 is then onjy an approximation to 
u8. Since relative, rather t i a n  absolute. measures of width of nonsymmetrical distributions were of interest, the tedious calculations associated with up were avoided 
by using V as a h i s  for comparison. For disperse systems, the range of V is as follows: V = 0, monosize particles; V = 0.5, narrow distribution; V = 1.5, broad distribution; 
and V 2 2.0, very broad distribution. The Coulter reproducibility of V is 3~0.05% a t  V = 1 and f10% a t  V above 1.5. & T h e  pure silica was wet with ethanol. The solvent 
was evaporated in the absence of drug in an air stream and then dried at 37' for 24 hr. The residue was passed thro h a 60-mesh screen. Alternatively, the drug was dissolved 
in ethanol and the solution was evaporated to dr ess in an air stream and then dried a t  37O for 24 hr. The  crys&ne residue was passed through a 60-mesh screen. C Full 
distribution could not be determined because o&e failure of agglomerates to pass through the 50-pm aperture. 
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Table VI-Dissolution Rates of Selected Samples in Simulated Gastric Fluids at 37" Plotted in First-Order Fashion (Ratio of D r u g  to 
Amorphous Silicon Dioxide, 1:20) 


Simulated Gastric Fluid Simulated Intestinal Fluid 
t5qn, K1,  min-' K z ,  min-' tsp, 


of Sample (x0.0001) (x0.0001) min (XO.Oo0L) (XO.0001) min 


1 and 7. Digoxin - 54.4 127 - 14.9 465 


16 and 25. Griseofulvin (solvent de osited on silica 63) - 7.7 902 - 12.2 568 
19 and 28. Griseofulvin (ball milleawith silica 63) - 9.8 704 - 39.7 175 
31 and 40. Prednisone 118 115 60 140 134 52 
34 and 43. Prednisone (solvent degosited,pn silica 63) 139 138 50 66 42 165 


39 and 48. Ptednisone (ball milled with silica 266) 80.8 15.7 44 1 31.8 10.7 648 


data beyond 60 min 


Number and Description K1, min-' K P ,  min-I 


4 and 10. Digoxin (solvent deposited on silica 63) - 25.3 274 - 2.0 3500 
13 and 22. Griseofulvin - 50.5 137 - 12.9 537 


37 and 46. Ptednisone (hall mille with silica 63) 14.1 2.3 3000 38 20 347 


Some first-order plots exhibited steeper slopes from 1.5 to 60 min (Figs. 4 and 5). The  CM) values were calculated from the less steep slopes generated from the dissolution 


- .  


1.8- 


~ 1.6. 


z 
2 1.4- 


a 
z 1.2- 
W c 
I- 1.0- z 
W 


W 


- 


g 0 .8 -  


0 .6-  


OJ 0.4- 


nificant increase in particle size, whereas silica 72Iy and 266 increased 
particle size significantly. 


The dissolution profiles (Table IV) demonstrated that griseofulvin 
solvent deposited on silica 63 in concentrations greater than 50% ineffi- 
ciently dissolved in simulated gastric fluid (Samples 59 ahd 60). Mi- 
cronized griseofulvin attained the highest percentage in solution after 
120 min (Sample 57). Solvent deposition of griseofulvin in the absence 
of silica 63 exhibited a poor dissolution rate (Sample 58). This difference 
can be explained on the basis of particle size. Thus, the average particle 
size of the solvent-deposited griseofulvin was fourfold greater than the 
micronized material (Table V).  


Solvent deposition of 4.8% prednisone on silica 63 showed the fastest 
dissolution rate in simulated gastric fluid (Table 111, Sample 34). Solvent 


7 0  
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Figure 2-Dissolution rate in simulated gastric fluid at 37' of selected 
samples of prednisone ball milled with various amorphous silicon 
dioxides (ratio of drug-silica, 1:20). Key: A, prednisone; A, predni- 
sone-silica 63; 0, prcdnisone-silica 72; and 0, prednisone-silica 266. 


w v e n t - t r e a t e d  > p 80 


'! n t r e a t e d h ,  


DIAMETER, #m 


Figure 3-Particle-sire analysis (dual aperture, 50 and 140 p m )  of 
amorphous silicon dioxide (silica 63, lot 22288) in pH 2 buffer before and 
after treatment with solvent or ball milled for 48 hr. 


deposition of a similar quantity on silica 72 produced a trituration with 
the fastest dissolution rate in simulated intestinal fluid (Sample 45). On 
the other hand, ball milled triturations containing 4.8% drug showed silica 
266 to give the best dissolution in both simulated gastric media (Fig. 2, 
Samples 39 and 48). 


Solvent deposition of prednisone on silica 63 at various drug concen- 
trations produced triturations exhibiting unusual dissolution profiles 
in simulated gastric fluid (Table IV, Samples 65-72). Triturations with 
drug concentrations of 50% exhibit dissolution rates faster than 80 or 90% 
triturations. After 120 min, the three triturations achieved virtually the 
same extent of dissolution. However, further dilution with silica 63 re- 
sulted in less efficiently dissolving trituratione (Samples 70-72). 


During the dissolution experiments, the three grades of amorphous 
silicon dioxides did not tend to adsorb dissolved drug under the sink 
conditions employed. However, there was an indication of drug entrap- 
ment within the pores of silicas 72 and 266 in samples prepared by solvent 
deposition. Thus, silica 63, which has the smallest average pore diameter 
(20 A), usually showed the most rapid drug release when compared with 
silicas 72 (150 A) and 266 (210 A). Digoxin (Table 111, Sample 4) dissolved 
most rapidly in simulated gastric fluid after solvent deposition on silica 
63. Griseofulvin (Sample 25) dissolved most rapidly in simulated intes- 
tinal fluid after solvent deposition on silica 63, whereas prednisone, after 
solvent deposition on silica 63, showed the most rapid dissolution in 
simulated gastric fluid (Sample 34). 


The selected samples exhibited in Figs. 1 and 2 highlight some key 
points. The significance of the data presented in Table V may be more 
quickly grasped by inspection of Fig. 3. Ball milling silica 63, which had 
the largest average particle size of the three amorphous silicon dioxides 
used, significantly broadened the particle-size distribution. Solvent 


2.01 


'1, 15 30 45 60 ;5 90 105 1;O 
MINUTES 


Figure 4-Dissolution rate in simulated gastric fluid at 370 of selected 
samples of griseofulvin, digoxin. and prednisone solvent deposited or 
ball milled with amorphous silicon dioxide (drug-silica 63 ratio, 1:20). 
Key: A, prednisone; A, prednisone-silica 63 (solvent deposited); 0, 
griseofulvin; 0 ,  griseofulvin-silica 63 (ball milled); 0, digoxin; and ., 
digoxin-silica 63 (solvent deposited). 


564 1 Journal of Pharmaceutical Sciences 
Vol. 68, No. 5, May 1979 







treatment of silica 63, however, resulted in an insignificant change in the 
particle-size distribution. 


In Table VI and Fig. 4, the data gathered on selected samples are 
plotted in first-order fashion. The values for K1 and K2 were determined 
from the slopes of the lines, and the dissolution half-lives were calculated 
from the K2 values. Where two first-order processes were evident, K2 
represented the slower process that occurred 60 min after dissolution had 
commenced (Fig. 4, prednisone-silica 63, solvent deposited). The data 
in Table VI clearly show that a significant change in dissolution half-life 
can be affected by solvent deposition on, or ball milling with, the amor- 
phous silicon dioxides. 
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Abstract 0 The entropy of fusion of 84 disubstituted benzenes was es- 
sentially constant and independent of the participation of the compounds 
in intramolecular or intermolecular hydrogen bonding. I t  was also in- 
dependent of the shapes, sizes, and dipole moments of the rigid molecules 
studied. While the entropy of fusion was independent of these parame- 
ters, the melting point and thBheat of fusion showed a direct dependence 
on molecular properties. 


Keyphrases 0 Entropy of fusion-disubstituted benzenes, independent 
of hydrogen bonding, shape, size, dipole moment of rigid molecules, 
structure-activity relationships 0 Melting point-analysis, disubstituted 
benzenes, structure-activity relationships o Benzenes, disuhsti- 
tuted-entropy of fusion, melting point, heat of fusion, structure-activity 
relationships 


The ability to predict the melting point, entropy of fu- 
sion, and heat of fusion from chemical structure would 
make possible the design of compounds having a specified 
physical state or even a specified melting range. The 
aqueous solubility of many organic compounds can be 
predicted from their melting points, entropies of fusion, 
and octanol-water partition coefficients (1). Since parti- 
tion coefficients can be predicted by several group con- 
tribution methods (2 ,3) ,  the estimation of fusion proper- 
ties makes possible the estimation of aqueous solubility. 
This possibility has direct implications for drug de- 
livery. 


BACKGROUND 


In 1908, Walden (4)  proposed that entropy of fusion is constant for 
many classes of compounds. Most elements have entropies of fusion of 
2-3 entropy units (eu = cal/deg/mole); salts and small organic molecules 
usually have entropies of fusion of 5-7 eu; most organic molecules have 
entropies around 13 eu. 


The entropy of fusion rule for organic compounds was later refined to 
account for molecular geometry (5). If heat of fusion is plotted uersus 
melting point, molecules fall into groups according to molecular shape. 
The data for the chain-like, disk-like, and spherical molecules fall into 
regions (6) characterized by: 


2 % = K  (Eq. 1 )  


where AH, is the heat of fusion, T,,, is the melting point, and the constants 
K and a are characteristic of the spatial form of the molecules. Since a t  
the melting point: 


T,,, -a 


M I  
= T, (Eq. 2) 


the entropy of fusion is dependent on the melting point for each class of 
compounds: 


A S ( =  K - -  (Eq. 3) 


The entropy of fusion of flexible chain-like molecules increases as R 
In 3 for the addition of each CH2 group to a chain because there are three 
potential minima for rotation about a carbon-carbon bond (7). This 
theory explains the apparent dependencies of PSI on area and volume 
(8, 9). 


The entropy of fusion of rigid molecules does not vary directly with 
surface area ( 1 0 , l l )  or with molecular volume. The entropy of fusion of 
rigid hydrocarbons varies according to their moments of inertia and 
symmetry. Strong dipoles and hydrogen bonding have also been assumed 
to lower the entropy of fusion by hindering rotation in the liquid. 


The purposes of this report are to determine the effect of molecular 
shape, hydrogen bonding, and dipole moment on AS\ for rigid non- 
spherical organic molecules and to consider the effects of these param- 
eters on heat of fusion and melting point. 


Ka 
T m  


EXPERIMENTAL 


Data Set-The compounds studied were all disubstituted benzene 
molecules. They included all 84 combinations of the substituents CH3, 
CI, Br, NOz, OH, NH2, and COOH in the ortho, meta, and para positions. 
The entropy of fusion was either determined experimentally or found 
in the literature for all compounds solid a t  room temperature as well as 
tor many that are liquid. These compounds were chosen because of their 
similar size, shape and symmetry, but the substituents cover a wide range 
of dipole strengths and hydrogen bonding sites. Entropy of fusion dif- 
ferences due to symmetry and shape should have been minimal, while 
those due to dipole interactions and hydrogen bonding should have been 
readily apparent. 


Determination of Entropy of Fusion-All entropies of fusion.were 
calculated from the heats of fusion and melting points. These quantities 
were either obtained from the literature (12) or determined experimen- 
tally on a differential thermal analyzer’ with a high-pressure differential 
scanning calorimeter cell. The literature values were obtained a t  atmo- 
spheric pressure. The experimental values were obtained a t  500 psi to 
inhibit sublimation of the more volatile compounds. This pressure had 
little or no effect on the entropy of fusion of nonvolatile compounds and 
was assumed to have no effect on the entropy of fusion of the volatile 
crystals. 


Reliable values for the entropy of fusion of three solids could not be 
determined experimentally. p -  Aminophenol decomposed before melting, 
even under 1000 psi of nitrogen. Phthalic acid dehydrated to phthalic 
anhydride upon melting. Terephthalic acid sublimed, even under 1000 
psi of nitrogen, as shown by a coating of compound around the inside of 
the calorimeter cell. This coating was insoluble in dilute sodium hy- 
droxide and had the texture of a polymer, suggesting that some chemical 


Dupont model 900. 
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predicts that the reaction is essentially (-99%) complete after 30 min at  
room temperature. 


As shown in Fig. 7, 1001 dilution of this reaction mixture with 10-4 
N H2S04 allowed direct plastic electrode determination of the alkylated 
amine without separation from the excess reactants since no interference 
from benzyl bromide or the piperidine base was seen. 


CONCLUSION 


Previous reports reviewed the many difficulties in handling and ana- 
lyzing hydrophobic amines in biological samples, including glass ad- 
sorption, protein binding, and poor detector sensitivity (11-15). Coupled 
with ion-pair extraction, the plastic ion-selective electrode detection 
method described here offers potential advantages for efficient isolation 
and quantitation of hydrophobic drugs in whole blood a t  low levels. 
Furthermore, the derivatization procedure affords a means of enhancing 
plastic electrode detector sensitivity up to two orders of magnitude and 
may, therefore, extend the applicability of the method to other, less hy- 
drophobic primary and secondary amines. 
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Abstract  Different approaches for the colorimetric determination of 
acetaminophen, based on its coupling with diazotized o-nitroaniline, are 
described. Copper(I1) chelation with the coupled compound makes the 
method highly selective. Sensitivity is increased when the acetaminophen 
assay is carried out indirectly through the determination of the chelate’s 
copper content. Optimum conditions for performing the different ap- 
proaches are described. The stoichiometric halance for the reactants in 
the coupled compound and chelate is determined. The degree of disso- 
ciation and the instability constant are computed. The rectilinear rela- 
tionship between the absorhance of‘ the different products and the con- 


centration of acetaminophen allows for its determination in different 
pharmaceutical formulations. Compared with the official method, the 
proposed methods give more accurate results. 


Keyphrases 0 Acetaminophen-analysis, colorimetry, various phar- 
maceutical formulations 0 Colorimetry-analysis, acetaminophen in 
various pharmaceutical formulations 0 Analgesics--acetaminophen, 
analysis, colorimetry, various phartnoceutical formulations 0 Antipy- 
retics-acetaminophen, analysis, colorimetry, various pharmaceutiral 
formulations 


Acetaminophen hydrolysis with subsequent condensa- 
tion with anisaldehyde ( l ) ,  p-dimethylaminobenzaldehyde 
(2), p-dimethylaminocinnamaldehyde (3), or vanillin (4) 
or reaction with alkaline 2-naphthol ( 5 )  has been used for 
colorimetric acetaminophen determination in unit-dose 
formulations. Other methods were based on the reaction 
with phenol together with hypobromite (6 ) ,  hypochlorite 
in the presence of metaarsenite (7), or ferricyanide (8). 
Nitrosatin (9) and nitration (10 , l l )  were utilized also for 
colorimetric determination. Most of these methods are not 
selective. 


The  fluorometric method, based on acetaminophen 
oxidation with alkali ferricyanide (12, 13) or on its hy- 
drolysis followed by reaction with benzylamine (14), is 
sensitive to  many interfering substances present in phar- 
maceutical formulations, 


Acetaminophen was also determined by cerimetric ti- 
tration (15, 16), gravimetry (17), titration of the hydrolytic 
product with nitrite (18), and polarography (19). These 
methods are not sufficiently sensitive. 


Acetaminophen, containing the acetamido group 
NHCOCHs, was determined by hydrolysis, diazotization 
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Figure I-Continuous variation plot /or: (a) diazotized o-nitroaniline 
(Vhl)-acetaminophen(VL) coupled compound, and (b)  2,6-di-(o-nitro- 
phenylazo) -4-ace tamidop~cn~~l  (VL)-cupperUl) ion (VM). 


of the resulting amine, and subsequent coupling with N -  
1-naphthylethylenediamine (20). 


Acetaminophen as a phenolic compound can couple with 
a chromogenic reagent, diazotized o-nitroaniline. The 
coupled compound can be used as a chelating agent to 
copper(I1) ion. These approaches constitute the bases for 
the acetaminophen assay described in this article. 


EXPERIMENTAL 


Apparatus, Reagents, and Materials-All reagents were analytical 


A photoelectric spectrophotometerl with I-cm cells was used. 
Acetaminophen* (BP 1973), acetaminophen tableti?, acetaminophen 


syrup4, and acetaminophen drops5 were used. 
Preparation of Assay Solution-Tablets-Twenty tablets were 


powdered and mixed; an accurately weighed amount, equivalent to one 
tablet, was transferred to a 100-mI graduated flask. The sample was 
dissolved as completely as possible in water, diluted to volume, and fi l -  
tered. An aliquot of filtrate was removed, after the first portion was dis- 
carded, measured, suitably diluted, and treated as described for Proce- 
dure A, B, or C. 


Syrups or Drops-An aliquot was diluted with water to attain a con- 
centration suitable for Procedure A, B, or C. 


Procedure A-Coupling with Diazotized Nitroaniline-One milli- 
liter of o-nitroaniline solution (1 mg/ml of 1.5 N HCI) was transferred 
to a 25-ml graduated flask to which 2 ml of sodium nitrite solution (3% 
aqueous) had been added. The contents were mixed and left for 10 min. 
An aliquot of acetaminophen solution (0.4 mg in water) was added, fol- 
lowed by 3 ml of 1 N NaOH. The contents were mixed, left for 5 min, and 
diluted to volume with water. The absorbance was measured a t  426 nm 
against a blank. 


Stoichiometric Hmctant Balance-Using Procedure A, 0.5-4.5 ml of 
2 X M ( V M )  samples of o-nitroaniline were diazotized and coupled 
with the corresponding complementary volume of 2 X M acetami- 
nophen (V,) to make a total 5-ml volume for VM + V,,. 


Procedure B-Subsequent Chclat ion rciith Copper (11) Ion--o -Ni- 
troaniline (1 ml) and sodium nitrite solution (2  ml) were transferred to 
a 100-ml separator. The contents were mixed and left to stand for 10 min. 


grade. 


1 Aprolabo. 
2 Alexandria Co. for Pharmaceutical and Chemical Industries, Egypt. 
3 Paracetamol, Misr Co. for Pharmaceutlcal Industries. Cairn, Egypt. 


6 Pyral. Elkahira Pharmaceutical and Chemical Industries Co., Cairo, Egypt. 


Paracetamol, Misr Co. for Pharmaceutical Industries; and pyral, Elkahira 
Pharmaceutical and Chemical Industries Co., Cairo, Egypt. 


NO, 


NO, OH 


111 


p+ 
NHCOCH, 


I OIN' 
NHCOCH 
IV 


Scheme I 


Acetaminophen solution (0.3 mg/5.0 ml of water) was added followed by 
3 ml of 1 N NaOH. The contents were mixed and left to stand for 5 min. 
A copped10 sulfate solution (5 ml, 0.125 M )  was added followed by 6 ml 
of 1 N H2S04. The mixture was extracted three times with a total of 25 
ml of chloroform. The absorbance was measured a t  400 nm against a 
blank. 


Stoichiometric Balance-Procedure B was used on 0.5-4.5 ml of 2 X 
M acetaminophen ( V L )  previously coupled with diazotized o-ni- 


troaniline and treated with the corresponding complementary volume 
of copper(11) sulfate (V,) to give a total volume of 5 ml for VM and V L  
in each case. 


Procedure C: Indirect  Determination-The copper(11) chelate 
chloroform extrnct (5.0 ml) obtoined by applying Procedure B was 
transferred to a 10-ml graduated flask. The volume was completed with 
5.0 ml of sodium diethyldithiocarbamate solution (0.5 g % in ethanol). 
The contents were mixed, and the absorbance was measured a t  442 nm 
against a blank. 


RESULTS 


Coupling with Diazotized o-Nitroaniline-The phenolic hydroxyl 
group para to the acetamido group (NHCOCH3) in acetaminophen 
causes coupling with diazotized o-nitroaniline to occur ortho to the hy- 
droxyl group. To investigate the molecular reactant ratio, Job's method 
of continuous variation (21) was employed (Fig. l a ) .  The maximum ab- 
sorbance was attained when V M / (  V L  + V,) equaled 0.66. This finding 
indicated that the diazonium salt-acetaminophen molecular ratio was 
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Table I-Acetaminophen in Different Pharmaceutical  Formulations 


Mean Percentage f SD 
Procedure Official Procedure Procedure 


Pharmaceutical Method A B C 
Formulation ( n  = 12P ( n  = 14) (n  = 16) (n = 14) 


100.24 f 0.28 100.35 f 0.51 100.37 f 0.67 
Acetaminophen tablets 101.02 f 0.8 99.56 f 0.41 99.60 f 0.60 99.54 f 0.45 


103.71 f 0.29 103.77 f 51.0 103.46 f 0.39 Acetaminophen syrup 101.75 f 1.09 
(3.44) (3.18) (4.14) 


105.57 f 0.38 Acetaminophen syrup 107.53 f 0.73 105.38 f 0.24 
(10.41) (10.28) (8.77) 


101.57 f 0.31 Acetaminophen drops 102.32 f 0.20 101.36 f 0.32 
(8.98) (5.07) (7.19) 


equals 2.06. 


Laboratory-made tablet - 


(5.99)b (5.38) (5.93) 


105.25 f 0.44 


101.72 f 0.37 


n = number of experiments. Figures in  parentheses are the calculated values for  which theoretical value 


2:1, as was anticipated due to the two free positions ortho to the acet- 
aminophen hydroxyl when the diazonium salt coupling was assumed to 
occur (Compound 111, Scheme I). 


The coupled product stability was attained by: (a) keeping the o-ni- 
troaniline with nitrous acid under the conditions previously mentioned 
for  10 min; ( b )  making the medium alkaline after addition of acetami- 
nophen since the alkaline medium was essential for the coupling reaction, 
and (c) leaving the coupled product for 5 min before dilution with water. 
For alkalinization, 3 ml of 1 N NaOH was the optimum; a lower concen- 
tration was not sufficient for the full color development, and a higher 
concentration caused a m  dye precipitation. 


The colored azo dye (A,,, 426 nm) was stable for 6 br. The dissociation 
degree, a,  and the instability constant. K ,  (22). equaled 0.0952 and 6.1 105 
x lo+, respectively. 


Coupling and Subsequent Chelation-The investigation was ex- 
tended to utilize the coupled compound as a chelating agent for copper(11) 
ion since the former basa free hydroxyl group with an easily replaceable 
proton and a diazo group (-N=N-) that offers a lone electron pair. The 
copper ( 1 1 )  chelate was hardly soluble in water but was easily extracted 
with chloroform to give a yellow solution (A,,, 400 nm). 


The stoichiometric balance (Fig. Ib)  determined by Job's method of 
continuous variation equaled 2:1 [2,6-di-(o-nitrophenylazo)-4-acet- 
amidophenoI-copper(I1) ion]. The copper(i1) ion satisfied its four coor- 
dination valency by combination with two free acetaminophen hydroxyl 
groups and with two diazo groups (Compound IV, Scheme I). The chelate 
was stable in chloroform for at  least 4 hr after extraction. The dissociation 
degree, a, and the instability constant, K,, for the chelate equaled 0.1375 
and 19.2899 x respectively. 


An acidic medium favored copper(11) chelate formation. Addition of 
6 ml of 1 N H ~ S O I  ensured maximum quantitative chelate extraction. 
More important, the order of reagent addition (copper sulfate followed 
by sulfuric acid) was essential since addition of acid before copper(l1) 
sulfate destroyed the azo dye. 


Linearity of Beer's Plots-Standard curves for the azo dye and its 
copper(r0 chelate were constructed by plotting observed absorbance 
readings uersus the acetaminophen concentration treated similarly as 
described for Procedures A and B. Such a relationship followed Beer's 
law within a concentration range of 0.4-2.8 mg % (Procedure A)  or 0.4-4 
mg (Procedure B) of acetaminophen calculated in the final dilution. The 
regression equations, derived by the least-squares method (23). for the 
calibration curves were: 


A426 = -0.0020 + 0.2503C (Procedure A )  (Eq. 1) 
A.AW = -0.0025 + 0.1216C (Procedure B) (Eq. 2) 


for which the percentage fits (24) were 99.97 and 99.91, respectively. 
The validity of these equations was tested by analyzing known acet- 


aminophen amounts mixed with common tablet excipients or additives 
in a ratio approximating sample commercial tablet weights. The results 
(Table I )  were highly accurate, indicating no interference from tablet base 
ingredients. 


Indirect  Method-In spite of the high copper(r1) chelate stability in 
chloroform, addition of 5 ml of diethyldithiocarbamate (0.5 g%ethanolic 
solution) displaced 2,6-di-(o-nitrophenylazo)-4-acetamidophenol to give 
copper00 diethyldithiocarbamate, a complex of A,,, 442 nm. The ab- 
sorbance was proportional to the acetaminophen concentration in the 
0.2-2 mg % range. The calibration curve was described by the following 
regression equation: 


A44'~ = -0.0047 + 0.3081C (Procedure C) (Eq. 3) 
for which the percentage fits equaled 99.59. 


DISCUSSION 


Acetaminophen coupling with diazotized o-nitroaniline had an ad- 
vantage over the method involving acetaminophen hydrolysis with 
subsequent diazotization and coupling (20,21). In the latter technique, 
any hydrolytic product present in pharmaceutical formulations during 
unsuitable storage interfered during the analysis. Any phenolic compound 
could interfere with Procedure A. T o  increase the method selectivity, 
coupling with subsequent chelation was proposed. The common anal- 
gesic-antipyretics likely to be present with acetaminophen exhibited no 
interference. Aspirin, codeine, caffeine, and salicylamide did not inter- 
f e d .  


The slope of the calibration curve for Procedure C was 1.23- or 2.53-fold 
higher than that for Procedure A or B, respectively. This finding indicated 
the high indirect method sensitivity. 


BP 1973 (25) described a UV assay for acetaminophen in which dilu- 
ents and binders in tablets or sweetening agents, preservatives, and col- 
oring matter in syrups interfere during analysis. Therefore, it is not 
surprising that the proposed procedures give more accurate results than 
the official method since t-calculated exceeds t -theoretical (Table I). 
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Abstract 0 The pharmacokinetics of morphine and its derived metab- 
olite, morphine 3-monoglucuronide, were studied in normal and bile- 
cannulated dogs. High doses (7.2-7.7 mglkg iv) caused renal and biliary 
shutdowns and time lags in urinary drug and metabolite excretion and 
in biliary secretion of the hepatically formed conjugate. Intermediate 
doses (0.41-0.47 mg/kg iv) inhibited urine flow but not renal clearance. 
Low doses (0.019-0.07 mg/kg iv) had no apparent effect. Dose-related 
effects on the total, metabolic, and biliary clearances imply saturable 
enzymes and/or dose-inhibited hepatic flows, accounting for the major 
elimination half-lives of 83 f 8 and 37 i 13 min a t  the high and low doses, 
respectively. The slow terminal phase in plasma morphine and metabolite 
elimination and urinary accumulation is due apparently to the entero- 
hepatic metabolite recirculation after biliary excretion, gastrointestinal 
hydrolysis, and hepatic first-pass reconjugation. Bile-cannulated dogs 
showed no fecal drug and no slow t.erminal plasma and urine elimination 
phases. Intravenous morphine 3-monoglucuronide was eliminated only 
renally and showed neither biliary excretion nor prolonged hepatically 
formed glucuronide elimination. Hepatic morphine clearances at normal 
therapeutic doses parallel hepatic blood flow and explain the lack of oral 
morphine bioavailability by anticipating complete first-pass liver me- 
tabolism. Renal morphine and morphine conjugate clearances were 85 
(f 9 S E M )  and 41 (i 4 S E M )  ml/min, respectively, indicating glomerular 
filtration for the latter and glomerular filtration plus tubular secretion 
for the former. Urinary morphine and morphine conjugate excretion 
accounted for -83% of the dose. Biliary secretion accounted for 11-14% 
of the dose. Morphine showed dose-independent plasma protein binding 
of 36 (i 1 S E M )  % and a red cell-plasma water partition coefficient of 
1.1 1 i 0.04 SD. New equations were developed to model the discontin- 
uous morphine and morphine metabolite pharmacokinetics. 


Keyphrases 0 Morphine-pharmacokinetics, dose related, dogs 0 
Morphine monoglucuronide-pharmacokinetics, dose related, dogs 
Pharmacokinetics-morphine, morphine monoglucuronide, dose related, 
dogs 


Early studies on the distribution and disposition of 
morphine were largely descriptive! (1-6). Rigorous phar- 
macokinetic studies were limited and usually only related 
to the parent compound a t  high doses. Early time course 
studies (7-10) in the dog were conducted a t  large time in- 
tervals and at high 30-mghg levels (human therapeutic 
dose is 0.14 mg/kg) due to color complex assay sensitivity 
limitations (10). Early morphine studies (9) estimated that 
78-97% of the administered morphine was recoverable in 
urinary and fecal excretions, 14% as free morphine and 55% 
as presumed glucuronide conjugate in the urine, and 6-26% 
in the feces with less than 2% of the total drug as the con- 
jugate. The plasma [N-l4C-methyl]morphine half-life was 
estimated at  -1 hr (11). 


BACKGROUND 


A fluorometric method with a sensitivity of 1 pg/ml of plasma was used 
by Kupferberg et al. (12) in a single rabbit study of six time samples at 
15 mghg  to demonstrate apparent biphasic morphine decay in plasma 
with a terminal half-life that  could be roughly estimated as 1 hr. 


Only in the last decade has the morphine time course been monitored 
with sufficient attention to warrant any pharmacokinetic data anal- 
ysis. 


A highly sensitive GLC method was used to monitor the time course 
of morphine at 2.5 mg/kg iv in the rat  (13). At least three exponentials 
were needed to fit the plasma level-time curve. 


Radioimmunoassay was used to monitor morphine, 0.14 mg/kg iv, in 
human plasma (14,151, and the results indicated an apparent triphasic 
loss that included a rapid initial decline during the first 5-10 min, a 
subsequent slower but  precipitous decline with a half-life of 1.0-3.1 hr, 
and a terminal slow disappearence of 10-44 hr a t  plasma levels of <lo 
ng/ml. A separate study (16) at 1 mg/kg infused over 12 min could only 
demonstrate a two-compartment body model when conducted for 2 hr 
after the completion of the infusion. Total clearance was 378 f 63 ml/min. 
The apparent half-lives were similar to those of the previous studies; 
mean values were 1 f 1 and 137 f 14 min, with the latter phase ranging 
from 1.3 to 3.5 hr. These half-lives were similar to those for the lower 
O.ll-mg/kg dose and suggested that the assumption of a saturable or 
capacity-limited process for morphine was not warranted. Since different 
subjects were used for the different doses, this concept cannot be rigor- 
ously concluded. Mean apparent volumes of distribution of the central 
compartment and the total apparent distribution space were 9 and 102% 
of body weight, respectively. 


Radiolabeled morphine a t  0.14 mg/kg in humans (17, 18) showed an 
initially fast distribution phase and an apparent terminal half-life of 
2.1-2.6 hr. The sensitivity of 20-30 ng/ml of plasma may not have per- 
mitted the observation of a slow terminal phase. Conjugate quickly ap- 
peared in the plasma close to its maximum value a t  -40 min. Cumulative 
urinary excretion of free morphine and of the conjugate was 8.5-9.3 and 
66-70% of the dose, respectively. The renal drug and metabolite clear- 
ances were given as 109-171 and 50-115 ml/min, respectively. The 
qualitative formation of N-demethylated morphine was observed by 
following the time course of expired 14C02. 


Catlin (19) investigated morphine pharmacokinetics in the rabbit by 
morphine radioimmunoassay methods with the intent of confirming the 
presence of multiphasic pharmacokinetics as indicated by previous 
studies that apparently demonstrated a terminal half-life of many hours 
or days. He clearly demonstrated that a two- or three-compartment body 
model in the rabbit could be observed, depeddent on antiserum specificity 
and on possible interaction with metabolites. He stated that he would 
reject the third compartment for the rabbit and retain only two half-lives 
of 13 and 72 min. No pharmacokinetic dose dependency was observed 
between the 1- and lO-mg/kg doses. Catlin (19) issued the caveat for the 
previously cited radioimmunoassay studies in humans (14, 15), where 
an  apparently long terminal half-life was observed, that  “providing the 
antiserum used. . . did not seriously cross-react with morphine metab- 
olites, it appears that in man the two compartment model is not sufficient 
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Abstract 0 Cinoxacin was measured in plasma and in urine of female 
mongrel dogs after single 10-mg/kg iv doses. The terminal half-life of 
plasma cinoxacin was 0.873 hr in dogs whose urine had been alkalinized 
by oral administration of sodium bicarbonate, 3.79 hr in normal dogs, and 
15.8 hr in dogs whose urine had been acidified by oral administration of 
ammonium chloride. Dogs with alkalinized urine were chosen for 
cinoxacin bioavailability studies to minimize interanimal variability and 
to maximize recovery of unaltered cinoxacin in the urine. Four lots of 
crystalline cinoxacin with widely different particle sizes were prepared 
and characterized with respect to their specific surface areas, particle-size 
distributions, and dissolution profiles in uitro. Capsules of cinoxacin from 
these lots and aqueous solutions of cinoxacin were administered as single 
oral doses to dogs with alkalinized urine. Four aspects of the bioavaila- 
bilities of the oral preparations, peak plasma cinoxacin concentration, 
time of peak plasma cinoxacin concentration, area under the plasma ci- 
noxacin concentration-time curve, and urinary excretion of cinoxacin, 
were determined and found to follow rank-order relationships with the 
characteristics of the same preparations in vitro. Linear relationships 
were observed between the reciprocal of the dissolution rate constant and 
the area under the plasma cinoxacin concentration-time curve, between 
the reciprocal of specific surface area and the reciprocal of the time of 
peak plasma cinoxacin concentration, and between the reciprocal of 
specific surface area and the amount of cinoxacin excreted in urine in 24 
hr. 


Keyphrases Cinoxacin-effect of urine pH on urinary excretion, 
bioavailability correlated with physical characteristics of oral dosage 
forms, dogs o Excretion, urinary-cinoxacin, effect of urine pH, dogs 


Bioavailability-cinoxacin, correlated with physical characteristics 
of oral dosage forms, dogs Antibacterials-cinoxacin, effect of urine 
pH on urinary excretion, bioavailability correlated with physical char- 
acteristics of oral dosage forms, dogs 


Cinoxacin', l-ethyl-1,4-dihydro-4-oxo[l,3]diox- 
olo[4,5-g]cinnoline-3-carboxylic acid, is a new synthetic 
compound with an antibacterial spectrum similar to the 
spectra of nalidixic acid and oxolinic acid (1). Cinoxacin 
is a weak organic acid2 with limited solubility under acid 
condition$. The drug is effective when administered orally 
to patients with urinary tract infections (2,3). 


BACKGROUND 


Nelson (4) and Levy (5) reviewed the literature on the relationship 
between particle size or surface area of drug preparations and their rates 
of solution and GI absorption. Smaller particle size (greater surface area) 
favored rapid dissolution and rapid oral absorption for many drugs. This 
relationship was demonstrated in human studies of slightly soluble weak 
organic acids such as sulfadiazine (6), phenytoin (71, aspirin (8), dicumarol 
(9), and tolbutamide (10). 


Moore et al. (11 )  found that the lag time for absorption increased and 
the absorption rate decreased in the series: sodium nalidixate; nalidixic 
acid, 4-12 pm; and nalidixic acid, 177-250 pm. The dissolution rates of 


Cinobac. Eli Lillv and Co.. IndianaDolis, Ind. 
Aqueous pKa 4.9 at 37'. 


3 The a ueous solubility at 37" is 0.03 mg/ml at pH 1.2.0.07 mg/ml at pH 4.5, 
and 1.0 m g h  at pH 6.0. 


the same preparations showed rank-order correlation with biological 
parameters. 


The excretion and renal clearance rates of some weak acids and bases 
are influenced by urinary pH (12,131. Organic acids with pKa values as 
widely different as 3.0 (salicylic acid) and 7.0 (phenobarbital) underwent 
elevated renal clearance in subjects whose urine was alkalinized by so- 
dium bicarbonate administration (14,15). 


Therefore, it appeared likely that, following oral administration, the 
cinoxacin absorption rate would depend on the surface area or particle 
size of the preparation. Furthermore, it was expected that the peak blood 
cinoxacin concentration as well as the rate and extent of excretion of the 
drug into the urine would depend on both the absorption rate and the 
renal excretion rate as influenced by the pH of the tubular urine. 


The purposes of the present investigation were to establish the rela- 
tionship between urinary pH and cinoxacin excretion in the dog and then 
to utilize the appropriate set of experimental conditions in this species 
to evaluate the relationships between the surface area and dissolution 
rate of different cinoxacin preparations and their bioavailability. 


EXPERIMENTAL 


Materials-Samples from one lot of cinoxacin were recrystallized from 
dimethylformamide at various temperatures and stirring rates to yield 
three lots of crystals, B, C, and D, with different median particle sizes. 
Another sample of cinoxacin was sheared in a comminuting mi114 to 
prepare the smallest median particle-size material, Lot A. The pure drug 
substance was assayed by high-pressure liquid chromatography5 and 
found to be 100.4, 101.6,101.7, and 98.4% pure for Lots A, B, C, and D, 
respectively. 


Cinoxacin from each lot was hand filled, without excipients, into No. 
2 gelatin capsules. Solutions for oral and intravenous administration 
consisted of sterile-filtered aqueous solutions of the sodium salt, pH 7.5, 
containing 100 mg of cinoxacin acid equivalent/ml. 


In Vitro Characterization of Cinoxacin Preparations-Specific 
surface areas of Lots A-D were determined by two Brunauer, Emmett, 
and Teller (BET) (16) gas adsorption techniques. Surface areas calculated 
from static volumetric6 and GC7 measurements were comparable. Par- 
ticle-size distributions were determined with an automated counter6. The 
X-ray powder patterng of each lot was identical to that of a reference 
standard. 


Dissolution profiles for 150 mg of each lot in gelatin capsules were 
generated using a modified1° USP rotating-basket apparatus (17) a t  100 
rpm. The medium for dissolution tests was 300 ml of pH 6.5 phosphate 
buffer USP a t  37O. Under these conditions, cinoxacin solubility was 3 
mg/ml. During the test, 5-ml aliquots were collected with filter-tipped 
pipets at  5,10,15,20,25,30,45, and 60 min and at t,". The aliquots were 
diluted by automated analysis equipment12, and the absorbance due to 
cinoxacin was measured a t  270 nm13. 


~ ~ ~~ 


Model UD, Fitzpatrick Co., Elmhurst, 111. 
Model 8500 liquid chromatograph, Varian Instrument Division, Palo Alto, 


Micromeritics Instrument Corp., Norcross, Ga. 
Quantachrome Corp.. Creenvale, N.Y. 
Model TA 11, Coulter Electronics, Hialeah, Fla. 
Cu radiation was used with a Ni filter and diffractometer, North American 


lo Modifications consisted of the use of a flat-bottom vessel, uncovered. 
I I  The t ,  sample was collected after homogenization of the remaining vessel 


l2 Technicon Industrial Systems, Tarr town, N.Y. 
'3 Coleman model 101, Perkin-Elmer &p., Norwalk. Conn. 


Calif. 


Phillips Corp., Mt. Vernon, N.Y. 


contents. 
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Table I-Zn Vitro Characterist ics bf Cinoxacin Preparat ions Table 11-Results of Duncan's Test on the Intravenous Data 


Particle Sizea, r m  
Lot SSAb, m2/g 90%' 50% 10% K d d ,  min-' 


A 0.466 15 32 64 0.082 
B 0.139 52 83 I10 0.045 


0.0751 84 190 420 0.032 
D 0.0259 - -1000e - 0.016 
C 


0 Equivalent spherical diameter. * Specific surface area. Volume percentile, 
greater than. First-order dissolution rate constant. Visual estimation. 


In Viva Evaluation of Cinoxacin-To prepare dogs with acid urine, 
female mongrel dogs, 14-20 kg, were treated orally for 2 days preceding 
the day of the experiment with 2 g of ammonium chloride in gelatin 
capsules a t  7 am, 12 noon, and 4 pm. On the day of the experiment, 2 g 
was given a t  6 am, 730 am, and 12 noon. 


T o  prepare dogs with alkaline urine, the same doses of sodium bicar- 
bonate were given on the same schedule. Dogs with unperturbed urine 
pH were given no premedication but otherwise were treated in an iden- 
tical manner. 


On the night preceding the day of the experiment, the dogs were fasted 
in their home cages but allowed free access to water. On the day of the 
experiment, they were transferred to stocks in which they could stand 
or sit comfortably. Thirty minutes before drug administration, a Foley 
retention catheterI4 was inserted into the urinary bladder of each dog 
and secured by inflation of the balloon with 5 ml of water. The dog was 
then given 500 mi of tap water through a temporarily placed stomach 
tube. 


After 30 min, immediately before the dose of cinoxacin, the bladder 
was emptied and the urine volume and pHI5 were recorded. The sample 
was chilled in an ice bath until the end of the experiment and then was 
frozen and stored a t  -10' until assayed. Immediately following the col- 
lection of the urine sample, a blood sample was withdrawn from one 
cephalic vein into a heparinized vacuum tube? The plasma fraction was 
removed, chilled, frozen, and stored in the same manner as the urine 
sample. 


For intravenous studies, 10 mg of cinoxacinkg as a sterile solution was 
administered to alkalotic, normal, or acidotic dogs as a bolus by syringe 
into one cephalic vein. For oral studies, 10 mg of cinoxacinkg was ad- 
ministered to alkalotic dogs as a sterile solution by stomach tube or as 
a sample of crystalline powder from Lot A, B, C, or D in a gelatin capsule 
over the tongue. Both types of oral preparations were followed by 25 ml 
of water given by the same route as the medication. A t  specified times, 
blood and urine samples were collected and treated as described. 


On the day of assay, plasma and urine were thawed. A portion of each 
sample was acidified with 0.1 N HCI. Cinoxacin was extracted from the 


y' 
0 , , , , , , , , , , . . . . .  


0 20 40 60 80 100 
MINUTES 


Figure 1-Mean dissolution profiles (percent of label) for six 150-mg 
capsules in 300 ml of pH 6.5 huffer (IJSP, 3 7 O )  at 100 rpm (rotating 
basket). Key: 0.  Idol A; *, Lot E;  A, Lot C; and +, Lof D. Curves were 
calculated from Ey. I using the rate constants of Table I .  


l4 French No. 14. 


l6 Vacutsiner. Recton-Dickinson and Co., Rutherford, N.J. 
Model 7 pH meter, Corning Scientific Instruments, Medfield, Mass. 


Plasma Cinoxacin, pg/ml 
t .  min Alkalinized Untreated Acidit led 


1.5 86.4a (4.9) 83.5a (8.4) 103b (5.6) 
10 52.4a (1.4) 1.3a (2.0) 54.2a (2.0) 
20 42.ga (1.6) 45.5ab (1.7) 51.8b (2.4) 
30 36.2a (1.5) 43.6b (1.9) 47.9b (1.9) 
40 30.8a (1.7) 41.6b i2.1) 47.3h ( 1 9  
60 24.38 (1.6) 39.2b (2.3) 46.8" (1.91 
80 17Aa (1.6) 34.5b (2.2) 45.lC (2.1) 


120 10.6a (1.5) 31.4b (2.4) 43.3c (1.8) 
180 3.608 (0.40) 25.7b (2.9) 41.2c (1.9) 
240 1.41a (0.19) 21.7b (3.5) 40.3c (2 3) 
300 0.53a (0.08) 17.7b (3.8) 37.OC (2.0) 


36.2c (2.1) 360 0.16a (0.05) 15.0b (3.6) 
420 0.Oga (0.04) 12.8b (3.1) 3 4 9  (1.8) 
480 0.07a (0.03) 10.lb (2.5) 34.lC (2.0) 


AUC (0-480 min), 40308 (240) 11,600b (1300) 19,500" (900) 


xu249 % 98.5a (2.7) 81.gb (5.7) 7.W ( l . l )*  


Means of the variables within a row are statistically different ((I = 0.05) if they 
do not have a superscript letter in common. Numbers in parentheses are standard 
errors of the mean for eight dogs unless otherwise indicated. b Four dogs only. 


pg-minlml 


acidified sample into chloroform and then from the chloroform fraction 
into borate buffer, pH 9.0. The resulting solution was made strongly acidic 
with concentrated sulfuric acid, and the fluorescence due to cinoxacin 
was read a t  445 nm during excitation a t  356 nmI7. Fluorescence readings 
were converted to cinoxacin concentrations by use of a calibration curve 
constructed from extracted plasma samples containing known concen- 
trations of cinoxacin. 


Cinoxacin concentrations determined in freshly drawn plasma samples 
by a fluorometric method (18) were not changed by several months of 
frozen storage. In addition, several days of cyclic freezing and thawing 
of plasma samples gave no indication of cinoxacin decomposition. The 
extraction efficiency of cinoxacin from plasma by this method was de- 
termined using 14C-carboxylic-cinoxacin. 


The radioactive cinoxacin was added to drug-free human plasma in 
concentrations of 2,5,10,20, and 40 pg/ml, and the samples were analyzed 
in quintuplicate. The data showed 92-96% recovery of drug in the borate 
buffer, The fluorescence spectrum of cinoxacin in this buffer coincided 
with that of extracts (by the described procedure) from both standard 
spiked plasma and experimentally derived plasma samples of cinoxacin. 
Furthermore, this method is specific for the parent cinoxacin in either 
plasma or urine. The principal metabolite, l-ethyl-1,4-dihydro-7-hy- 
droxy-6-methoxy-4-oxocinnoline-3-carboxylic acid, had 0.1% of the 
fluorescence of cinoxacin a t  445 nm. 


7 1  


LClDOllC DOES 


5-1 


0 1 2 3 4 5 6 7  
HOURS 


Figure 2-Mcan urine pH (+&EM) in eight dogs following intracrnous 
administration of 1 0  mg of cinoxacinlkg. Key: *, alkalotic dogs, A, 
normal dogs; and @, acidotic dogs. 


17 Aminco SPF-125 spectrophotofluorometer, American Instrument Co.q Silver 
Spring, Md. 
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Figure 3-Mean plasma concentration (&EM) of cinoxacin in eight 
dogs following 10 mglkg iv. Key: Ir, alkalotic dogs; A, normal dogs; and 
0,  acidotic dogs. 


Eight dogs received 10 mg of cinoxacinkg by all eight described 
treatments (five oral preparations and three intravenous protocols). No 
particular order was followed in the administration sequence of different 
dosage forms. However, at least 7 days (equivalent to 12 half-lives for 
cinoxacin in dogs with acidified urine) elapsed between experiments with 
any given dog. Because only two dogs were used on any given day, the 
series of experiments required an extended period. Therefore, day effects 
that may be present in the data are assumed not to influence the evalu- 
ation of the bioavailability of the different preparations. 


RESULTS AND DISCUSSION 


In Vitro Characterist ics of Cinoxacin Preparations-Mean dis- 
solution profiles of cinoxacin from capsules of Lots A-D are shown in Fig. 
1. Points in Fig. 1 represent the experimentally determined values; the 
solid lines represent the best fit (weighted nonlinear least-squares re- 
gression) to the following equation: 


Dt = D , ( l -  e-Kdr)  (Eq. 1) 


where Dt is the amount dissolved a t  time t in minutes, K d  is the disso- 
lution rate constant in reciprocal minutes, and D, is the amount dissolved 
a t  t , .  


Although Eq. 1 is only rigorously valid for an idealized single-particle 
system (19), it was chosen to represent the in vitro dissolution profiles 
for its simplicity and because other models sometimes used to describe 


ACIDOTIC DOES - - - ; \\-- 
0 -  1 N - 7  


- - - - - 
0 1 2  3 4 5 6 7 24 


HOURS 


Figure 4-Mean cumulative cinoxacin ( f S E M )  in the urine of eight 
dogs following 10 mglkg iv. Key: *, alkalotic dogs; A, normal dogs; and 
0, acidotic dogs. 
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Figure 5-Mean plasma concentration of cinoxacin in eight alkalotic 
dogs following 10 mglkgpo. Key: 8,  solution; 0, Lot A; *,Lot  B; A, Lot 
C; and 6 ,  Lot D .  


dissolution from a multiparticulate system under nonsink conditions, 
such as the negative two-thirds root law (20), failed to provide a better 
fit. Best estimates of K d  for the four lots of cinoxacin, along with their 
specific surface areas and particle-size distributions, are listed in Table 
I. The observed decrease in surface area in Lots A-D is clearly reflected 
by the decline in dissolution rate constants calculated for the corre- 
sponding lots. 


Effect of Urinary pH Perturbat ions on Cinoxacin Excretion in 
Dogs-Urine pH-The time course of urine pH observed in alkalotic, 
normal, and acidotic dogs after intravenous administration of 10 mg of 
cinoxacinlkg is given in Fig. 2. For female dogs rendered alkalotic with 
sodium bicarbonate, the mean urine pH during the experimental period 
ranged from 7.4 to 8.2 (overall mean of 7.9). 


In normal dogs, the mean urine pH ranged from 6.1 to 6.9 (overall mean 
of 6.4). For dogs rendered acidotic with ammonium chloride, the mean 
urine pH ranged from 5.4 to 5.8 (overall mean of 5.5). As shown in Fig. 
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Figure 6-Mean cumulative cinoxacin in the urine of eight alkalotic 
dogs following 10 mglkgpo. Key: 8 ,  solution; 0,  Lot A; *, Lot B; A, Lot 
C; and + I  Lot D. 
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Table 111-Results of Duncan's Test a on the Oral  Data  
Plasma Cinoxacin, pglml 


t ,  min L o t s  Lot A Lot tl Lot c Lot u 
10 
20 
30 
40 
60 
80 


120 
180 
240 ~ ~. 


300 
360 
A30 .-- 
480 
540 


2.1a.c 
17.68 (4.8) 
18.08J 


2.438 (1.2) 3.1g8 (1.4) 0.39" (0.21) 2.338 (2.1) 
3.72b (2.0) 8.41b (3.1) 7.3gb (3.2) 0.75b (0.28) 
6.41ab (1.6) 11.58 (4.0) 10.88 (3.7) 1.02b (0.34) 


1.25= (0.42) 24.88 (1.8) 10.gb (2.3) 12.6b (3.9) 12.4b (3.3) 
22.58 (1.9) 2 1 P b  (4.0) 14.3b (2.5) 13.3b (2.9) 1.67c (0.47) 


2.64" (0.62) 
1 3 P b  (3.0) 17.08 (0.86) 15.1" (1.8) 8.9ObC (1.5) 4.71" (0.86) 
6.938 (2.0) 9.6g8 (2.1) 8.558 (1.9) 8.888 (2.8) 5.198 (0.85) 


3.208 (1.5) 1.448 (0.31) 1.708 (0.43) 3.388 (1.6) 3.5g8 (0.94) 
1.368 0.59) 2.288 (0.57) 6 1.868 (0.74) 


2.018 (1.1) 0.68g8 (0.14) 0.8308 (0.15) 
1 . n v b  (0.51) 0.39fib (0.046) 0.516b (0.11) 0.6368 (0.22) 


20.28 (3.4) 21.58 (2.4) 16.6ab (2.0) 12.0b (2.2) 


3.9g8 (1.5) 3.2g8 (0.88) 3.738 (0.86) 5.618 (1.9) 4.45" (1.1) 


0:565adiQ2iy 
0.3068 (0.12) 
0.3038 (0.098) 


0.327b (0.069) 1.428 (0.51) 
0.2538 (0.040) 0.864b (0.20) 
0.20g8 (0.035) 0.770" (0.13) 


0.306b (0.039) 0.373h (0.052) 
0.22g8 (0.025) 0.2758 (0.041) 
0.2108 (0.035) 0.2068 (0.041) 


291Oa t210) 26908 6220) 1580b (200) 31608 (150) 
25.1eb (2.5) 20.8 (1.7) 20.8 (1.9) 7.33" (0.65) 
75.08 80.08 92.58 173b 
95.08 (3.9) 93.1a (2.1) 86.28 (2.9) 59.8b (8.5) 


- 


0 Means of the variables within a row are statistically different (a = 0.05) if they do not have a superscript letter in common. Numbers in parentheses are standard errors 
of the mean for eight dogs unless otherwise indicated. Aqueous solution. Two dogs only. Five dogs only. 


2, the variation of urine pH between dogs for individual time points was 
generally smaller for alkalotic and acidotic dogs than for normals. 


Persistence of Cinoxacin in Plasma after Intravenous Administra- 
tion-The cinoxacin concentrations in the plasma of alkalotic, normal, 
and acidotic dogs as a function of time after intravenous administration 
of 10 mg/kg are shown in Fig. 3. As indicated by analysis of variance, 
significant differences in plasma cinoxacin concentrations appeared 
among the three groups of dogs a t  20 min. At 60 min, the results of all 
three protocols were different from each other [Duncan's test (21), Table 


In addition, the rate of decline of mean plasma cinoxacin concentration 
approximated a first-order decay process, as judged by the apparent 
linearity of the semilogarithmic plots of the data after 60 min. Therefore, 
the slopes of the linear regression lines were calculated through the points 
aIter 60 min. For alkalotic dogs, the slope was -0.345 i 0.030 (SD) hr-l 
with a corresponding half-life of 0.873 hr. For normal dogs, the slope was 
-0.0795 f 0.0013 hr-' with a corresponding half-life of 3.79 hr. For aci- 
dotic dogs, the slope was -0.0190 f 0.0011 hr-1 with a half-life of 15.8 
hr. The correlation coefficients associated with the linear regression of 
the log mean plasma values on time were 0.978,0.999, and 0.989 for al- 
kalotic, normal, and acidotic dogs, respectively. 


Urinary Excretion of Cinoxacin after Intravenous Adrninistra- 
tion-The amounts of cinoxacin, expressed as percent of the adminis- 
tered dose, recovered in the urine of alkalotic, normal, and acidotic female 
mongrel dogs after 10 mg/kg iv are illustrated in Fig. 4. Alkalotic dogs 
rapidly excreted essentially all of the dose in the urine. Ninety-five per- 
cent of the dose appeared in the urine within 5 hr and 98.5% of the dose 
appeared within 24 hr. Normal dogs excreted appreciably less, 51.7% of 
the dose, in the same 5 hr. By 24 hr, normal dogs had excre'ted 81.9% of 
the dose. 


Dogs maintained in the acidotic state excreted very little cinoxacin in 
the urine, reaching a mean of 4.5% of the dose in 5 hr and 7.8% in 24 hr. 
However, urinary excretion in six acidotic dogs followed for 72 hr in- 
creased to 39.1% as they began to recover from the acidotic state. Varia- 
tion between dogs in the recovery of cinoxacin in the urine was larger for 
normal dogs than for either acidotic or alkalotic dogs. 


From the results o f  the preceding intravenous studies, it is clear that, 
judged by the interanimal variability in urine pH, plasma cinoxacin 
concentration, and urinary cinoxacin excretion, either acidified or al- 
kalinized dogs would provide a more reproducible test system than would 
normal dogs. The alkalinized dogs also excreted essentially all of the dose 
unchanged in the urine within 24 hr, thus minimizing any uncertainty 
associated with interanimal differences in metabolic degradation. 
Moreover, the cinoxacin elimination half-life from the blood of the al- 
kalotic dog (0.873 hr) was more representative of that of normal humans 
(0.96 hr) (22) than was the elimination half-life of either normal or aci- 
dotic dogs. 


In addition, comparative metabolism studies showed that both humans 
and dogs excrete primarily unchanged drug in the urinel8. Although fewer 


1" Dr. R. L. Wolen. Eli Lilly and Co., Indianapolis, Ind., personal communica- 


111. 


tion. 


metabolites are formed in dogs than in humans, those found in dogs 
generally coincide with those formed in humans. Therefore, the alka- 
linized dog was selected as an animal model to evaluate the bioavailability 
of different orally administered cinoxacin preparations. 


In Vivo Characterization of Cinoxacin Oral  Preparations in 
Alkalotic Dogs-The plasma cinoxacin concentrations of alkalotic dogs 
a t  various times after oral administration of a single lO-mg/kg dose as 
an aqueous solution or as a capsule of Lot A, B, C, or D are shown in Fig. 
5. Oral administration of the solution produced the earliest and highest 
peak mean plasma cinoxacin concentration, 24.8 rglml a t  40 min. Pro- 
gressively lower peak mean concentrations were produced by adminis- 
tration of a Lot A, B, C, or D capsule. The most striking difference for 
most time points was between Lot D, the lot with the smallest surface area 
(largest particle size), and all of the other preparations. 


Analyses of variance were performed on the data represented in Fig. 
5. Significant differences in plasma concentrations existed among the 
five preparations from 20 min to 2 hr and from 8 to 10 hr. Significant 
differences also existed among the given preparations in urinary recovery, 
area under the plasma cinoxacin concentration-time curve, peak plasma 
cinoxacin concentration, and time of peak plasma cinoxacin concentra- 
tion. 


Table I11 lists the results of Duncan's test applied to the data to as- 
certain which individual comparisons between groups yield significant 
differences. As these results indicate, for 24-hr urinary recovery of 
cinoxacin (\'U24), for observed area under the plasma cinoxacin con- 


(Kd1-l. min 


Figure 7-Relationship between the mean area under the plasma 
cinoxacin concentration-time curve (AUC) for eight dogs following 10 
mglkg po  and the mean dissolution rate constant ( K d )  with a h e a r  
correlation coefficient of -0.995 
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Figure 8-Relationship between specific surface area (SSA) and the 
mean dissolution rate constant (Kd) for cinoxacin with a linear corre- 
lation coefficient of 0.999. 


centration-time curve (AUC, 0-10 hr), and for time of peak plasma 
cinoxacin concentration (T,=), the only significant differences (a = 0.05) 
were those between Lot D and the other four preparations. For peak 
plasma cinoxacin concentration (C,,,),  Lot D was again distinct from 
the other four preparations. Additionally, the solution was different from 
Lots B and C. Further comparisons a t  specific time points can be made 
by reference to Table 111. 


The amounts of cinoxacin recovered in the urine of individual alkalotic 
dogs a t  various times after administration of a single 10-mg/kg dose as 
an aqueous solution or as a capsule of Lot A, B, C, or D are shown in Fig. 
6. 


Correlations of la Vivo and In Vitro Cinoxacin Data-Numerous 
correlations for the oral cinoxacin preparations can be formed from the 
pairwise treatment of the in uitro (Table I) and in oioo (Table 111) data. 
Even though statistically significant differences did not e‘xist among all 
in oioo parameters for the five different oral preparations, near perfect 
rank-order correlations (23) existed between the mean values of these 
in oioo and in oitro parameters. For predictive purposes, functional re- 
lationships were derived from pairs of these parameters. Four such re- 
lationships are presented in Figs. 7-9. 


The relationship between AUC and K d  was linearized (Fig. 7) by 
plotting the reciprocal of the mean & uersus the mean AD%, with a re- 
sulting correlation coefficient of -0.995. The dissolution rate constant, 
K d ,  for the oral solution, was assumed to be large relative to that for Lot 
A, so its reciprocal was assigned a value of zero. This in uioo-in oitro 
correlation relates two parameters, each of which is a function of the 
entire dose response uersus time curve. Therefore, the relationship should 
be a more valid predictor of the performance of formulations over a 
broader range (24) than any correlation between single points taken from 
the dose response uersus time curves. In this case, AUC is a measure of 
the extent of drug absorption and K d  represents the in uitro drug dis- 
solution rate. The relationship depicted in Fig. 7 has been used in the 
generation of a dissolution test specification for cinoxacin formula- 
tions. 


In Fig. 8, an in uitro-in uitro relationship is quantitated for cinoxacin. 
The dissolution rate constant is correlated with the square root of the 
specific surface area as measured by the BET gas adsorption technique. 
In general, specific surface areas generated by the BET method are more 
accurate measures of the bulk sample surface, independent of either as- 
sumed particle geometry or size distribution, than are various sieve, 
particle-size, or permeametric measurements (25-27). The correlation 
coefficient associated with the linear regression of K d  on the square root 
of the specific surface area is 0.999. This relationship is useful in the se- 
lection of bulk raw material Iota of cinoxacin to help assure that the fin- 
ished product will have suitable dissolution characteristics. 


Relationships between two measures of the absorption of cinoxacin, 
i.e., the mean TmaX and the mean XU24, and the specific surface area of 
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Figure 9-Relationships between specific surface area (SSA)  and both 
the mean cumulatioe cinoxacin in  the urine after 24 hr (ZU24) and the 
mean time of peak plasma cinoxacin concentration (Tmox) in eight dogs 
following 10 mglkg PO. Key: A, T;Ax and SSA-I with a linear correlation 
coefficient of -0.999; and 0, and S S A - I  with a linear correlation 
coefficient of -0.996. 


the drug are presented in Fig. 9. Linear regression of the reciprocal of the 
specific surface area with ZU24 and with the reciprocal of T,,, yielded 
correlation coefficients of -0.996 and -0.999, respectively. This pair of 
correlations quantitatively relates measures of both the rate and extent 
of absorption of cinoxacin to a physical property of the raw material. 


These correlations have been used to help establish product specifi- 
cations for the finished dosage forms, 250- and 500-mg capsules. A 
comparative bioavailability study of these two capsule formulations and 
an oral solution is being conducted in humans. 
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Abstract A rapid and specific method for the determination of 
bleomycin Az is described. A 50-pl aliquot of 2O?h trichloroacetic acid was 
added to 200 pl of plasma. The sample was vortexed and centrifuged, and 
50 pl of the clear supernate was injected into a liquid chromatograph 
equipped with a microparticulate reversed-phase column and a fixed 
wavelength detector. Elution was carried out using methanol-acetoni- 
trile-O.W85 M heptanesulfonic acid-acetic acid. A linear calibration curve 
was found in the 0.05-5-pg/ml range with an estimated precision of *6% 
(CV) .  Preliminary pharmacokinetic data in the rabbit also are re- 
ported. 


Keyphrases Bleomycin A?-high-performance liquid chromato- 
graphic analysis in plasma High-performance liquid chromatogra- 
phy--analysis, bleomycin A2 in plasma 0 Antineoplastic agents- 
hleomycin Az, high-performance liquid chromatographic analysis in 
plasma 


The  antibiotic-antineoplastic agent bleomycin is ac- 
tually a mixture of cationic polypeptides. The complex was 
isolated from fermentation products of Streptomyces 
uerticillus (1). I t  is effective against human neoplasms, 
particularly squamous cell carcinoma, lymphoma, and 
testicular carcinoma (2-4). The  most common toxic side 
effects are minor cutaneous reactions. However, about 1OOh 
of the patients develop pulmonary toxicity, occurring as 
pneumonitis and pulmonary fibrosis (5). 


BAC KCROU N D 


Crude hleomycin has heen purified by chromatographic methods into 
two large tractions, A and H (6). Further fractionation provided six 
hleomycin A fractions and five hleomycin B fractions. Of the various 
highly hydrophilic polypeptides, 11 components have heen completely 
purified. Each component consists of a carhoxy terminal glycopeptide 
(-1300 daltons), designated as hleomycinic acid, which is suhstituted 
in an amide-type linkage with 3-(dimethylthionium)propylamine 
(hleomycin Az, I I ) ,  agmantine (bleomycin R', I l l ) ,  or 3-(methylsul- 
finy1)propylamine (bleomycin A,, I) .  


The bleomycin administered clinically consists of, hy weight, 55-70% 
hleomycin Az, 25-32% bleomycin R2, and the remaining percentage di- 
vided among the other suhfractions (7). In all cases, a t  least 65% is from 
the bleomycin A group and less than 35% is from the hleomycin R group. 
The most commonly used regimen has been 15 mg/m2 iv twice weekly 
(8).  


Although almost all clinical work has been done using this formulation, 
there are indications that the individual bleomycin fractions should be 
studied. For example, bleomycin As was more toxic to Escherichia coli 
than the more abundant bleomycin A2 present in the formulation cur- 
rently in use (9). Bleomycin acid was devoid of activity against E. coli (9). 
The possible effectiveness of bleomycin An was reported by others (10, 
11). Bleomycin B4 caused kidney damage in dogs and had weak antitumor 
activity (12). However, few studies on individual components of the 
hleomycin mixture have been presented (12-14). 


To elucidate the pharmacokinetics of individual bleomycins, a specific 
and sensitive assay must be available. Analytical techniques to estimate 
plasma levels of the bleornycin mixture include microbiological assays 
(11, 12, 15, 16). radioactive labeling assays (2, 17-19), and radioimmu- 
noassays (20.21). Unfortunately, all of these methods do not distinguish 
between the various components of the hleomycin mixture or their me- 
tabolites. Thus, specificity is a problem with all presently availahle 
techniques. In this report, a sensitive and specific paired-ion high-per- 
formance liquid chromatographic (HP1.C) assay for one component of 
the bleomycin mixture, bleomycin AP, is presented. 


Hi) I 
Ho oAN"L 


I: R = NH(CH,),SOCH, 
11: R = NH(CH,),S=(CH,), 


111: R = NH(CH,),NHC(=NH)NH, 
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Abstract  Shelflife predictions of vitamin A stability in multivitamin 
tablets were calculated based on data obtained from the analyses of six 
multivitamin tablet preparations by the classical Arrhenius treatment. 
This approach gave excessive variation in the predictions. The same data 
were treated by a modified Arrhenius method, which reduced the vari- 
ation. Long-term room temperature data show that incorrect slopes were 
predicted in three of the six sets of data with the modified approach. The 
data indicate that erroneous predictions can result when applying the 
Arrhenius treatment to accelerated data and that this approach should 
be used with extreme caution in establishing the expiration date of a 
multivitamin tablet product, especially where the limiting ingredient for 
expiration dating is a preprocessed raw material and not a single-entity 
chemical. 


Keyphrases Vitamin A-stability in multivitamin tablets, predicted 
using Arrhenius equation o Stability-vitamin A in multivitamin tablets, 
predicted using Arrhenius equation 0 Arrhenius equation-use in pre- 
dicting stability of vitamin A in multivitamin tablets 


The prediction of chemical stability of pharmaceutical 
dosage forms is important to the pharmaceutical industry 
in view of impending governmental proposals on expiration 
dating. The technique usually used to predict shelflife has 
been application of the Arrhenius equation. This technique 
was applied first (1) to the color stability of a liquid mul- 
tisulfa preparation and later to  the stability of certain vi- 
tamins in liquid multivitamin preparations (2 ,3) .  


The Arrhenius technique was used to predict expiration 
dates of liquid multiple-vitamin preparations (4) and vi- 
tamin A, thiamine, and ascorbic acid stability in sugar- 
coated multiple-vitamin tablets ( 5 ) .  The latter study val- 
idated the room temperature-predicted degradation rates 
by assaying, a t  various intervals, tablets that were stored 
a t  room temperature for 3 years. All of these studies were 
conducted under very tight controls. They all used con- 
stant-temperature baths containing oil or water to main- 
tain their accelerated temperature-controlled condi- 
tions. 


This paper presents the results of the classical and of a 
modified application of the Arrhenius equation in pre- 
dicting vitamin A stability in several multivitamin tablet 
products. Since vitamin A stability in multiple-vitamin 
tablets is important to the total product stability ( 5 ) ,  it is 
desirable to have a reliable method for its prediction. The 
purpose of this study was to  determine the accuracy of the 
Arrhenius predictions for vitamin A stability in multivi- 
tamin products. 


Commercially available dry vitamin A in itself is a for- 
mulated product. Its stability in bulk form and when in- 
cluded in a multicomponent system is largely dependent 
on the purity and integrity of the crystalline vitamin A, the 
components of the "beading" formula, and the method of 
achieving the final product. Thus, i t  is not a single, pure 
chemical entity to begin with, and it will vary from supplier 
to  supplier. 


EXPERIMENTAL 
The two sugar-coated tablet formulations, Products A and B, had the 


following active ingredient composition per tablet: vitamin A, 6850 IU; 
vitamin D, 875 IU; ascorbic acid, 55.0 mg; thiamine, 2.5 mg; riboflavin, 
2.575 mg; niacinamide, 20.4 mg; pyridoxine, 1.05 mg; cyanocobalamin, 
1.35 pg; and pantothenic acid, 1.77 mg. 


Four chewable tablet formulations, Products C-F, were used. Product 
C had the following active ingredient composition per tablet: vitamin A, 
5720 IU; vitamin D, 500 IU; ascorbic acid, 57.5 mg; thiamine, 2.06 mg; 
riboflavin, 2.5 mg; niacinamide, 20.0 mg; pyridoxine, 1.05 mg; and cya- 
nocobalamin, 1.15 pg. Products D-F had the same active ingredient 
composition as Product C but contained 6250 IU of vitamin A/tablet. 


All of these compositions are theoretical levels based on bulk label and 
do not include supplier overages. 


The official USP UV absorption method (6) was used to assay for vi- 
tamin A content in these tablets. Random samples were taken from the 
population of each of the six products. One sample was set aside for initial 
testing of vitamin A content while the other samples were packaged in 
screw-capped glass containers and placed in temperature-controlled 
conditions a t  501, 401, 25l, 552, or 452 f lo. 


Products A-D were placed a t  50,45,40, and 25'. For Products A and 
B, samples a t  50' were withdrawn and assayed every 2nd week for 8 
weeks; those at 45' were withdrawn every 3rd week for 12 weeks; those 
a t  40' were withdrawn every 4th week for 16 weeks; and those at 25' were 
assayed at 26,52,95, and 156 weeks. For Products C and D, samples a t  
50,45, and 40° were withdrawn and assayed every 4th week for 16 weeks; 
those a t  25' were assayed a t  26,52,78,104, and 156 weeks. 


Products E and F were placed at 55,50,45,40, and 25'. Samples at 55' 
were assayed every week for 6 weeks; those a t  50' were assayed every 2nd 
week for 10 weeks; those a t  45 and 40' were assayed every 4th week for 
16 weeks; and those a t  25' were assayed a t  13,26,35,52, and 104 weeks 
(Product E) and a t  13,26,52,104, and 156 weeks (Product F). 


RESULTS 


Figure 1 shows a typical plot of the thermodegradation of' vitamin A 
in these products. The open circle (at  time zero) is the average of six as- 
says of five tablets each run by two individuals in triplicate. The other 
points on the graph are averages of four assays of five tablets each run 
by two individuals in duplicate. This general format was followed for the 
six products. 


Table I contains the thermodegradation data for the six products. 
Standard statistical techniques (7-10) were used to calculate the table 
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Figure I-Typical pseudo-first-order plots of thP thermodegradation 
of vitamin A. 


* Walk-in storage areas, Tyler Refrigeration Corp. * Thelco model 4 bench top unit, Precision Scientific Co. 
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Table I-Initial Vitamin A and Values of Calculated Rate Constants and Intercepts with 95% Confidence Limits for Each 
Thermodegradation Curve 


In (Aver- 
age Ini- 


Pro- tial 40" 45" 50" 55" 
duct Potency k ,  weeks-' b ,  In potency k ,  weeks-' b, In potency k ,  weeks-' b ,  In potency k ,  weeks-' b, In potency 


A 8.83 0.0353 f 0.00415 8.82 f 0.0371 0.0723 f 0.00495 8.84 f 0.0332 0.132 f 0.00924 8.81 f 0.0413 - - 
B 8.93 0.0570 f 0.00418 8.95 f 0.0374 0.132 & 0.00608 8.96 f 0.0408 0.247 f 0.0218 8.85 f 0.0976 - - 
C 
D 
E 
F 


8.70 
8.82 
8.83 
8.85 


0.0136 f 0.00227 8.70 f 0.0212 0.0188 f 0.00246 8.70 f 0.0230 0.0282 f 0.00399 8.69 f 0.0373 
0.00680 f 0.00134 8.82 f 0.0125 0.0112 f 0.00207 8.82 f 0.0191 0.0194 f 0.00210 8.81 f 0.0196 
0.00597 f 0.00119 8.82 f 0.0111 0.0141 & 0.00180 8.83 f 0.0168 0.0259 f 0.00306 8.83 f 0.0178 0.0459 f 0.00708 8.81 f 0.0237 
0.00729 f 0.00232 8.84 f 0.0217 0.0164 f 0.00196 8.85 f 0.0183 0.0268 f 0.00285 8.85 f 0.0152 0.0520 f 0.00493 8.85 f 0.0172 


- - 
- - 


Table 11-Range of Room Temperature k Values from Confidence Limits of Arrhenius Plot, Predicted Range of Vitamin A Potency 
from k Values and Room Temperature Intercept at t = 156, k Values and Intercepts with Confidence Limits from Room Temperature 
Data, 95% Confidence Limits, Range of Vitamin A Potency at t = 156 Weeks, and Overlap Data 


Arrhenius Plot Data 25" Data 
Range of Predicted b ,  In Intercept 


Range of Predicted Vitamin A Potency, f9596 Confidence 95% Confidence 
Product k Values. weeks-' IU/tahlet k.  weeks-' Limits Limits. IU/tablet Overlao 


~~ ~ ~~ ~~~ 


A 0.000844-0.0208 273-6100 0.00129 8.85 f 0.0346 5410-5990 Over entire range 
€3 0.000221-0.1 34 0-7390 0.00153 8.94 f 0.0298 5770-6290 Over entire range 
C 0.000943-0.0 177 380-5130 0.00164 8.69 f 0.0385 4380-4840 Over entire range 
D 0.000494-0.00304 4200-6240 0.000560 8.82 f 0.0171 6050-6300 Over entire range 
E 0.000282-0.00169 5280-6580 0.00214 8.84 f 0.0283 4600-5270 0-45.8 weeks and 


after 162.6 weeks 
F 0.000402-0.00214 5020-6590 0.00150 8.86 f 0.01 20 5460-5640 Over entire range 


values. ?he intercepts and the average of the initial assay values agreed 
well; in fact, the initial values are in the range of the limits of the intercept, 
which indicates that the pseudo-first-order degradation model is cor- 
rect. 


The Arrhenius equation data were plotted by Arrhenius plotting 
techniques and are typically represented by Product E in Fig. 2. This 
figure was generated using the least-squares fitting technique (7-10). 
After the Arrhenius equations were determined, a range of predicted 
room temperature rate constants were determined from the confidence 
limit curves. This range is shown hy broken lines in Fig. 3 for Product E 
when inserted into the room temperature degradation equation (11). The 
statistically treated room temperature data for Product E are represented 
by the solid line and curves in Fig. 3. 


To determine accurately the overlap between y values found from 
predicted k values and the values found from the 95% confidence limits 
ahout the room temperature data, the point or points of intersection must 
he determined. Algebraic manipulation of the equations gives rise to a 
quadratic equation to solve for n (12). The range of k values obtained from 
the confidence limits about the Arrhenius plot regression line, the pre- 
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Figure 2-Arrhenius plut of rate constants and 957;. confidence limits 
with extrapolations to 25" on Product E. 


dicted range of vitamin A potency a t  t = 156 wee'ks, the 25' data equa- 
tions as determined by least-squares fitting, the range of vitamin A po- 
tency from the 9596 confidence limits about the room temperature re- 
gression line a t  t = 156 weeks, and the overlap values for the six products 
are listed in Table 11. 


The potency of the vitamin A remaining was obtained by substituting 
the predicted k values into the room temperature degradation equation, 
setting t = 156 weeks, setting In Co equal to the 25O data equation in- 
tercept, and taking the antilogarithm. Inspection of Table I1 reveals that 
the predicted k values and 95% confidence limits overlapped over the 
entire 156 weeks for all products except E. I t  also can be concluded that 
the classical application of the Arrhenius techniques gives such a wide 
range of k values and subsequent potency at  3 years as to be of little value. 
For instance, the prediction for Product B is from 0 to 7390 IUhablet, 
which is meaningless. 


It was, therefore, decided to use a modified application of the Arrhenius 
technique3. 


The degradation rate constants, k ,  were calculated by the formula 
(13): 


(Eq. 1) 


whereyl = In [X initial vitamin A potency/n), y2 = In [Z vitamin A po- 
tency a t  time r 2 / n ] ,  x~ = 0, and x 2  = time in weeks atyz. For comparison 
to the classical method, an average k a t  each temperature and the 95% 
confidence limits on k were calculated (14, 15). These values for all six 
products a t  each temperature are given in Table 111. A comparison of 
Tables I and I11 reveals that the range of k values overlapped in all cases, 
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Figure 3-Pseudo-first-order plot of 25" stability (solid line) with 9s"; 
confidence limits (solid curves) aad plot of Arrhenius upper and Lower 
predicted k values (broken lines) on I'roduct E. 
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Table 111-Average k Values and 95% Confidence Limits for Each Thermodegradation Curve 


Product 40’ 45O 50’ 55’ 


A 0.0370 f 0.00455 0.0746 f 0.0120 0.145 f 0.0205 - 
B 0.0521 f 0.00790 0.123 f 0.0151 0.285 f 0.0626 - 


0.0138 f 0.00341 0.0197 f 0.00652 0.0315 f 0.00932 - C 
D 0.00703 f 0.00305 0.0117 f 0.00229 0.0214 f 0.00330 
E 0.00722 f 0.00199 0.0128 f 0.00306 0.0275 f 0.00333 0.0560 f 0.0177 
F 0.00965 f 0.00416 0.0180 f 0.00424 0.0280 f 0.00354 0.0527 f 0.00506 


- 


- 
B 


a‘ 
f 


1. x 103 
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Figure 4-Arrhenius plot of rate constants derived from modified ap-  
plication and 95% confidence limits Kith extrapolations to 25’ on 
Product E 


indicating that the k values were not akered significantly from the clas- 
sical approach. 


The modified Arrhenius equation plot is typically represented by 
Product E in Fig. 4. These data were treated as were the previous 
Arrhenius plot data to give a range of k values and are shown by broken 
lines in Fig. 5 for Product A when inserted into the room temperature 
degradation equation. The actual room temperature data found for 
Product A also are represented in Fig. 5 by the solid line and curves. The 
range of k values, predicted vitamin A potency a t  t = 156 weeks, and 
overlap data are given in Table IV for all six products. 


Comparison of the lower and upper k values in Tables I1 and IV reveals 
that this procedure predicts k values within the range predicted by the 
classical procedure, which indicates that the Arrhenius equation plot was 
not changed significantly. This comparison also reveals that the modified 
procedure results in a much smaller range of k values and, consequently, 
a tighter limit of vitamin A potency at 3 years. This result is due to the 
difference in the degrees of freedom (two for the classical application and 
17 for the modified application for Product E), with a resulting smaller 


Table IV-Range of k Values Obtained from Modified 
Application of the Arrhenius Technique, Predicted Range 
of Vitamin A Potency from k Values and Room Temperature  
Intercept at t = 156, and Overlap Data 


Range of Range of Predicted 
Pro- Predicted k Vitamin A Potency, 
duct Values, weeks-’ IU/tablet Overlap 


A 0.00302-0.00539 3010-4350 0-17.0 weeks 
B 0.00233-0.00469 3670-5310 0-28.7 weeks 
C 0.00193-0.00639 2190-4400 Over entire 


D 0.000571-0.00195 4990-6190 Over entire 


E o.oon45i-o.ooio9 5830-6440 0-20.7 weeks 
F 0.00102-0.00211 5070-6010 Over entire 
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Figure 5-Pseudo-first-order plot of 25O stability (solid line) with 95% 
confidence limits (solid curves) and plot of Arrhenius upper and lower 
predicted k values (broken lines) from modified application on Product 
A 


t value for the modified application of the Arrhenius plot. Table IV also 
shows that the Arrhenius plot did not accurately predict the room tem- 
perature degradation pattern in three of the six products. 


DISCUSSION 


The shelflife of a product is determined by the stability of its most 
unstable ingredient. In the multiple-vitamin products, vitamin A is the 
limiting ingredient. The problem is to find a method that will establish 
accurately the stability pattern of vitamin A in these products at room 
temperature. When vitamin A data generated at elevated temperatures 
are treated by the classical application of the Arrhenius plot, the resulting 
predicted range of room temperature k values is very wide. The modified 
application simply increases the degrees of freedom by determining a 
greater number of rate constants from the available data, which decreases 
the range of predicted k values without altering the Arrhenius equa- 
tion. 


The predicted room temperature degradation lines as determined by 
the k values should be inside the actual room temperature confidence 
limits or encompass those limits. Since three of the six products tested 
did not meet these criteria, it was concluded that the Arrhenius equation 
did not give the same room temperature k value as was calculated from 
the room temperature data. Therefore, 25’ stability data must be gen- 
erated to determine the shelflife accurately. 


This study did not corroborate Tardifs (5) findings that the room 
temperature stability data validate the predicted degradation rates of 
vitamin A. Tardif used constant-temperature oil baths and different 
temperatures than were used in this study. Both studies indicated that 
the pseudo-first-order reaction rate is the correct model; however, this 
study generated an incorrect predicted k in three out of six cases. 
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Abstract o A study was conducted to prepare and evaluate an ethiodized 
oil emulsion for intravenous administration that would selectively opacify 
the liver. Several formulations with differing globule size were prepared 
and compared for their in uiuo activity (degree of liver opacification ob- 
tained) and stability. Results of studies conducted in rabbits and monkeys 
revealed that the oil globules that concentrate most in liver were 2.0-3.0 
jm in diameter. The formulation of choice was stable for 6 months at  
refrigeration temperature (24O). In monkeys, this formulation produced 
an improved diagnostic image of the liver usingcomputerized tomography 
a t  a dose of 0.2 ml/kg. The potential use of such emulsions in diagnostic 
radiology is briefly discussed. 


Keyphrases Ethiodized oil-various emulsions for intravenous ad- 
ministration prepared, effect of oil globule size on liver opacification in 
rabbits and monkeys Radiopaque media--ethiodized oil, various 
emulsions for intravenous administration prepared, effect of oil globule 
size on liver opacification in rabbits and monkeys 0 Hepatography, in- 
travenous-various emulsions of ethiodized oil prepared, effect of oil 
globule size on liver opacification in rabbits and monkeys 


There have been numerous previous attempts to opacify 
the liver and spleen by intravenously administered con- 
trast material. As early as 1930, Keith and Briggs (1) used 
intravenously injected emulsified oil to opacify the liver 
and spleen in rats. Degkwitz (2) produced an iodine-con- 
taining oily contrast material’ (I), which was used in clin- 
ical studies (3) following experiments in animals. 


Experimental work (4) with I in mice, rabbits, and 
guinea pigs indicated that intravenous injection did opa- 
cify the spleen, liver, and placenta. This same contrast 
material was used in nine patients but was too toxic for 
routine clinical examinations (5). Emulsified ethyl diio- 
dostearate was injected in 10 patients, most of whom had 
severe toxic reactions (6 ) .  Experimental work (7) in dogs 
used emulsified oily contrast medium of ethiodized oil2. 
The  average globule size of the emulsion (7) was 0.3 pm, 
and it opacified the liver and spleen. 


Recently, two experimental emulsified forms of iodized 


Jodsol. 
Ethidol,  indinated ester of poppyseed oil. itdine content 3716 (w/v), is routinely 


used for lymphography; SnvaEe Laboratories, Houston, TX 77036. 


oil3, IIa and IIb, were produced. Their basic difference was 
the average globule size of the emulsion, IIa (emulsion 
grossiere) having the larger globule size and IIb (emulsion 
fine) the smaller. Emulsion IIb, mode diameter of 1.3 pm 
(range 0.16-7 pm), was used intravenously in two clinical 
studies (8,9), but up to 75% of the patients had disturbing 
reactions such as fever, chill, anorexia, nausea, vomiting, 
and a 10-20% drop in platelet counts. These reactions 
appeared to be dose related and almost constant above the 
1.2-ml/kg dose level. In another study (10) with 32 rhesus 
monkeys, a 2.O-ml/kg iv dose of the same emulsion pro- 
duced an opacified diagnostic image of the liver and spleen 
on X-ray examination. 


A recent revolutionary discovery in diagnostic roent- 
genology, computerized tomography (CT), with its im- 
proved contrast resolution, raised hopes that a fraction of 
the previously utilized dose would opacify the liver suffi- 
ciently for diagnostic evaluation without undesirable side 
effects. With this new equipment, Vermess et al. (11) 
opacified the liver and demonstrated carcinogen-induced 
hepatic tumor in the rhesus monkey with an intravenous 
dose as low as 0.1-0.2 ml of IIblkg. 


The possible use of such small doses in human subjects 
renewed interest in the ethiodized oil emulsion for clinical 
hepatography. Unfortunately, IIb was no longer available. 
Therefore, a study was initiated to  prepare an ethiodized 
oil emulsion for intravenous hepatography. In addition, 
since none of the mentioned reports attempted to correlate 
the size of the oil globules with the opacifying ability and 
since no quantitative data related the dose to the density 
of the liver scans, a more systematic study of the subject 
appeared to  be warranted. 


The size of the oil globules is of primary importance in 
the opacification of the various tissues, in accordance with 
Degkwitz’s theory that different tissues absorb oil globules 
of different sizes (2). This fact compounded the problem 


IIa is AG-52-315 and I lh  is AC 60-99 Lipidol [IF, Laboratoires Andre Guerbet, 
Aulnay sur Bois, France. 
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Abstract 0 Carbamates derived from various N,N’-disubstituted di- 
amines were synthesized and evaluated as repellents for Aedes aegypti 
mosquitoes with an in uitro blood-feeding test system. Several com- 
pounds were more effective than diethyltoluamide. 


Keyphrases Carbamates from N,N’-disubstituted amines-syn- 
thesized and evaluated as mosquito repellents 0 Repellents, mos- 
quito-various carbamates derived from N,N’-disubstituted diamines 
synthesized and evaluated 0 Structure-activity relationships-various 
carbamates derived from N,N’-disuhstituted diamines evaluated as 
mosquito repellents 


Carbamates as mosquito repellents were discussed 
previously (1). Substituted 2-oxazolidones were synthe- 


sized and found to possess repellent activity (1). However, 
improvement of their repellency was desired, and a new 
synthetic effort was initiated to prepare carbamates from 
N,N’-disubstituted diamines. 


To vary the boiling-point ranges of the proposed repel- 
lents, syntheses were concentrated on ethylenediamine, 
diethylenediamine, and triethylenediamine derivatives. 
Previous studies (1) showed that repellency duration is 
a function of boiling points or volatility of repellents. 


These compounds were evaluated in the in oitro mos- 
quito blood-feeding test system reported previously (2). 
Mosquitoes used for these evaluations were female Aedes 
aegypti (yellow fever mosquito). 


R,N(CH,CH&NR, 
I 
R, 


I Table I-Physical and  Biological Properties of Carbamates Derived from N,N‘-Disubstituted Diamines R2 


Boiling 
D-:.-& Reoellencv r uiiia. 


Compound R I  Rz R3 R4 n (0.5 mm Hg) EDso EDw, r 


CsH7 H C3H7 COzCH3 1 900 2.8 79 -0.97 
CiHo H CiHo COoCHi 1 1020 0.12 0.59 -0.88 


COzCH3 CBH; COiCH; 1 1100 0.049 
COzCHs C4H9 C02CH3 1 130° 0.014 
H C6H13 C02CH3 1 146’ 0.028 
COzCH3 C6H13 C02CH3 1 160’ 0.036 
H C3H7 C02CH3 2 1120 0.25 


H C I H ~  C O ~ ~ ~ H I  3 131’ 0.23 
COzCHs C3H7 C02CH3 2 141’ 0.020 


0.13 -0.92 
0.072 -0.87 _._ .- 
0.083 -0.79 
0.21 -0.84 
2.5 -0.68 
0.073 -0.96 
4.0 -0.68 


Xi C02CH3 CjH; CO&H, 3 155O 0.018 0.10 -0.82 
Diethyltoluamide m o o  0.031 0.10 -0.81 
N,N’-Dihexamethylenecarbamide 130’ 0.00081 0.056 -0.83 


And-Calc. for C10H22N20: C, 59.37; H, 10.98 N, 13.85. Found: C, 58.84; H, 11.03; N, 13.76. See Experimental. Anal.-Calc. for C12H2,N 04: C, 55.36; H, 9.29; 
N, 10.76. Found: C, 55.15; H, 9.23; N, 10.70. Anal.-Calc. for Cl~H34N202: C, 67.08; H, 11.96; N, 9.78. Found: C, 66.99 H, 11.87; N,9.66. e Anal.-&lc. for ClsH3sNaO4: 
C, 62.75; H, 10.53; N, 8.13. Found: C, 63.05; H, 10.74; N. 8.23. Anal.-Calc. for C1 H26N202: C, 62.57; H, 11.38; N, 12.16. Found C, 62.44; H,  11.54; N, 12.05.8 Aml.--Calc. 
for C ~ H s N z 0 4 :  C, 58.30; H, 9.79; N, 9.72. Found C, 57.99; H, 9.85; N, 9.68. Anaj.-Calc. for C ~ ~ H ~ ~ N Z O Z :  C, 65.07; H, 11.70; N, 10.84. Found C, 65.07; H, 11.74; N, 10.66. ’ And-Calc. for C16H3&04: C, 60.73; H, 10.19 N, 8.85. Found: C, 60.65; H, 10.39; N, 8.66. 
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EXPERIMENTAL' 62.25; H, 11.43; N, 12.09. 


To prepare N,N'-dibutyl-N-methoxycarbonylethylenediamine (11) 
and N.N'-dibutyl-N.N'-di(methoxycarbonyl)ethylenediamine (IV), s RESULTS AND DISCUSSION 
l-liter, three-necked flask was fitted with a thermometer, an addition 
funnel, a magnetic stirrer, a reflux condenser, and a heating mantle. The 
diamine (25 g, 0.145 mole) was dissolved in anhydrous methanol ( m m l )  
and placed in the flask. A8 this solution was Slowly heated to 60'9 a 80- 
lution of methyl chloroformate (13.7 g, 0.145 mole) in anhydrous meth- 
anol (50 mlf was added dropwise Over mixture was 
stirred a t  60' for an additional 3 hr and then overnight a t  room temper- 
ature. 


The was removed in UQCuO~ and the residue was taken up in 
methylene chloride (300 ml), filtered to  remove the hydrochloride salt 
of the starting material, and concentrated in uacuo. The residue was 
dissolved in distilled water, acidified (pH 3), and extracted with ether 
(three times) to yield Fraction EI. The aqueous Solution Was made basic 
with 10% NaOH and reextracted with ether (three times), affording 
Fraction Ee. 


Table I gives the structures, boiling points, and repellency data ofthe 
tested carbamates. 


Compounds IV-VI, VIII, and X had ED50 values equal to or less than 
that of diethyltoluamide. The ED9,, values of 111-V, VII, and X were 
outstanding. These values indicate that all of these compounds should 
be considered as candidate repellents to replace diethyltoluamide, and 
advanced repellency and preliminary toxicity tests are planned. 


With these compounds, the boiling range for effective repellency in 
this test system is considerably higher that of diethyltoluamide ( 100°/0.5 
mm H ~ ) ,  being 110-1600/0.5 mm H ~ .  These less volatile repellents may 
have an increased duration of effectiveness when applied to human 
&in. 


Future studies will depend on the results of human skin tests of the 
best compounds ofthe series. 


hr* The 


DistillatL'on of E1 yielded 12.1 g of IV, bp 123'/0.35 mm Hg. 
Anal.-Calc. for C ~ ~ H B N ~ O ~ :  C, 58.31; H, 9.79; N, 9.72. Found: C, REFERENCES 


58.17; H, 9.92; N, 9.69. 


g of 11, bp 96-98'/0.4 mm Hg. 


(1) W. A. Skinner, H. T. Crawford, D. Skidmore, and H. I. Maibach, 


(2) L. C. Rutledge, M. A. Moussa, and C. J. Belletti, Mosquito News, 
Fraction E2 was dried, evaporated in oacuo, and distilled to yield 17.1 


Anal.-Calc. for C12HxN202: C, 62.57; H, 11.38; N, 12.16. Found: c, 
J.  pharm. sci., 66, 587 (1977). 


36, 283 (1976). 
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Abstract 0 Various N-substituted urea and cyclic urea derivatives were 
synthesized and evaluated as repellents for Aedes aegypti mosquitoes 
with an in uitro blood-feeding test system. Several compounds were su- 
perior to diethyltoluamide. 


Keyphrases Ureas and cyclic ureas, N-substituted-synthesized and 
evaluated as mosquito repellents 0 Repellents, mosquito-various N- 
substituted ureas and cyclic ureas synthesized and evaluated O Struc- 
ture-activity relationships-various N-substituted ureas and cyclic ureas 
evaluated as mosquito repellents 


In continuing efforts to find improved mosquito repel- 
lents, various N-substituted ureas and cyclic ureas were 
synthesized for evaluation in an in uitro blood-feeding test 
system using Aedes aegypti mosquitoes as described 
previously (1). 


N,N'- Dihexamethylenecarbamide', a urea derivative, 
was reported (2) to be effective as a repellent for mosqui- 
toes and black flies. The minimum effective dosage was 


1 Carboxide. 


0.04 mg/cm2 for mosquitoes (A. hexodontus and A. 
punctor) and 0.12 mg/cm2 for black flies (Sirnuliurn uen- 
usturn) when evaluated on human skin. The minimum 
effective dosages obtained for N,N'-dihexamethylene- 
carbamide were lower than those for diethyltoluamide 
(0.14 mg/cm2) for the same mosquitoes. 


In view of the interesting effectiveness of this N-sub- 
stituted urea, it was decided to explore the structure- 
repellent activity relationships of N-substituted ureas and 
cyclic ureas. To vary the boiling-point ranges, both open 
chain and cyclic ureas were synthesized. For the same 
reason, substituents on the nitrogens were varied in alkyl 
chain lengths. 


EXPERIMENTAL2 


Preparation of N,N'-Dibutylurea (1V)-A 1-liter, three-necked 
flask was charged with 200 ml of benzene, and phosgene was bubbled 


* Boiling points were determined using a short path distillation apparatus and 
are uncorrected. Elemental analyses were performed by the Microanalytical Lab- 
oratory, Department of Chemistry, Stanford University. Stanford, Calif. 
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treatment of silica 63, however, resulted in an insignificant change in the 
particle-size distribution. 


In Table VI and Fig. 4, the data gathered on selected samples are 
plotted in first-order fashion. The values for K1 and K2 were determined 
from the slopes of the lines, and the dissolution half-lives were calculated 
from the K2 values. Where two first-order processes were evident, K2 
represented the slower process that occurred 60 min after dissolution had 
commenced (Fig. 4, prednisone-silica 63, solvent deposited). The data 
in Table VI clearly show that a significant change in dissolution half-life 
can be affected by solvent deposition on, or ball milling with, the amor- 
phous silicon dioxides. 
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Abstract 0 The entropy of fusion of 84 disubstituted benzenes was es- 
sentially constant and independent of the participation of the compounds 
in intramolecular or intermolecular hydrogen bonding. I t  was also in- 
dependent of the shapes, sizes, and dipole moments of the rigid molecules 
studied. While the entropy of fusion was independent of these parame- 
ters, the melting point and thBheat of fusion showed a direct dependence 
on molecular properties. 


Keyphrases 0 Entropy of fusion-disubstituted benzenes, independent 
of hydrogen bonding, shape, size, dipole moment of rigid molecules, 
structure-activity relationships 0 Melting point-analysis, disubstituted 
benzenes, structure-activity relationships o Benzenes, disuhsti- 
tuted-entropy of fusion, melting point, heat of fusion, structure-activity 
relationships 


The ability to predict the melting point, entropy of fu- 
sion, and heat of fusion from chemical structure would 
make possible the design of compounds having a specified 
physical state or even a specified melting range. The 
aqueous solubility of many organic compounds can be 
predicted from their melting points, entropies of fusion, 
and octanol-water partition coefficients (1). Since parti- 
tion coefficients can be predicted by several group con- 
tribution methods (2 ,3) ,  the estimation of fusion proper- 
ties makes possible the estimation of aqueous solubility. 
This possibility has direct implications for drug de- 
livery. 


BACKGROUND 


In 1908, Walden (4)  proposed that entropy of fusion is constant for 
many classes of compounds. Most elements have entropies of fusion of 
2-3 entropy units (eu = cal/deg/mole); salts and small organic molecules 
usually have entropies of fusion of 5-7 eu; most organic molecules have 
entropies around 13 eu. 


The entropy of fusion rule for organic compounds was later refined to 
account for molecular geometry (5). If heat of fusion is plotted uersus 
melting point, molecules fall into groups according to molecular shape. 
The data for the chain-like, disk-like, and spherical molecules fall into 
regions (6) characterized by: 


2 % = K  (Eq. 1 )  


where AH, is the heat of fusion, T,,, is the melting point, and the constants 
K and a are characteristic of the spatial form of the molecules. Since a t  
the melting point: 


T,,, -a 


M I  
= T, (Eq. 2) 


the entropy of fusion is dependent on the melting point for each class of 
compounds: 


A S ( =  K - -  (Eq. 3) 


The entropy of fusion of flexible chain-like molecules increases as R 
In 3 for the addition of each CH2 group to a chain because there are three 
potential minima for rotation about a carbon-carbon bond (7). This 
theory explains the apparent dependencies of PSI on area and volume 
(8, 9). 


The entropy of fusion of rigid molecules does not vary directly with 
surface area ( 1 0 , l l )  or with molecular volume. The entropy of fusion of 
rigid hydrocarbons varies according to their moments of inertia and 
symmetry. Strong dipoles and hydrogen bonding have also been assumed 
to lower the entropy of fusion by hindering rotation in the liquid. 


The purposes of this report are to determine the effect of molecular 
shape, hydrogen bonding, and dipole moment on AS\ for rigid non- 
spherical organic molecules and to consider the effects of these param- 
eters on heat of fusion and melting point. 


Ka 
T m  


EXPERIMENTAL 


Data Set-The compounds studied were all disubstituted benzene 
molecules. They included all 84 combinations of the substituents CH3, 
CI, Br, NOz, OH, NH2, and COOH in the ortho, meta, and para positions. 
The entropy of fusion was either determined experimentally or found 
in the literature for all compounds solid a t  room temperature as well as 
tor many that are liquid. These compounds were chosen because of their 
similar size, shape and symmetry, but the substituents cover a wide range 
of dipole strengths and hydrogen bonding sites. Entropy of fusion dif- 
ferences due to symmetry and shape should have been minimal, while 
those due to dipole interactions and hydrogen bonding should have been 
readily apparent. 


Determination of Entropy of Fusion-All entropies of fusion.were 
calculated from the heats of fusion and melting points. These quantities 
were either obtained from the literature (12) or determined experimen- 
tally on a differential thermal analyzer’ with a high-pressure differential 
scanning calorimeter cell. The literature values were obtained a t  atmo- 
spheric pressure. The experimental values were obtained a t  500 psi to 
inhibit sublimation of the more volatile compounds. This pressure had 
little or no effect on the entropy of fusion of nonvolatile compounds and 
was assumed to have no effect on the entropy of fusion of the volatile 
crystals. 


Reliable values for the entropy of fusion of three solids could not be 
determined experimentally. p -  Aminophenol decomposed before melting, 
even under 1000 psi of nitrogen. Phthalic acid dehydrated to phthalic 
anhydride upon melting. Terephthalic acid sublimed, even under 1000 
psi of nitrogen, as shown by a coating of compound around the inside of 
the calorimeter cell. This coating was insoluble in dilute sodium hy- 
droxide and had the texture of a polymer, suggesting that some chemical 


Dupont model 900. 


0022-3549/ 79/ 0500-0565$0 1.00/ 0 
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Table I-Input Data for Disubstituted Benzenes 
Name AS/ MP a a DM QM HNO IHB 


0 -CH3-CH3 
rn-CH3-CH3 
p-CH3-CH3 
o-CH3-CL 
m-CH:\-CI, 
p-CHB-CL 
o-CH3-BR 


p-CH3-BR 
o-CH3-NO2 
m-CH3-NO2 
p-CH3-NO2 
0 -C H 3 - 0 H 


m-CH3-BR 


m-CH3-OH 
p-CH3-OH 
(J -CH 3 -  NH 2 


m-COOH-COOH 


(J-BR-BR 
rn-HH-BR 


o -BH- NO2 
rn -BR-NO2 


rn-BR-OH 


/J -COOH -COOH 


p-BR-BR 


p-BR-NO2 
O-RR-OH 


p-BR-OH 
o-RR-NH2 
mBR-NH2 
D-BR-NH2 
;)-HR-COOH 
rn-HR-COOH 
p-BR-COOH 
(J-OH-OH 
m-OH-OH 
D-OH-OH 
b-OH-NH2 
rn-OH-NH2 
p-OH-NH2 
O-OH-COOH 
rn -OH-COOH 
p-OH-COOH 
0-CL-CL 
rn-CL-CL 


O-CL-BR 
rn -CL-BR 
p-CL-BR 
o-CIrNO2 
rn-CL-NO2 
p-CL-NO2 
o-CL-OH 
rn-CL-OH 


o-CL-NH2 


p-CL-CIA 


p-CL-OH 


m-CL-NH2 
p-CL-NH2 
O-CL-COOH 
m-CL-COOH 
p-CL-COOH 
o-NH2-NH2 
m-NH2-NH2 


; ) -N02-N02 


p-NO2-NO2 


m-N02-OH 


o-NO2-NH2 


m-NO2-NO2 


o-NO2-OH 


p-NO2-OH 


n-NO2-NH2 
D - N O ~ - N H ~  


13.20 
12.40 
14.30 
- 
- 


12.90 
- 
- 


12.00 


11.40 
12.60 
12.40 
9.00 
9.60 


- 


- 
- 


13.50 
12.80 
9.90 


12.40 


18.90 


11.00 
12.10 
13.50 
16.30 
13.70 
10.00 
9.70 


10.50 
13.00 


14.40 
13.20 
1 1.90 
15.50 
14.40 
13.30 
14.60 
12.80 
11.20 


10.80 
14.70 
12.20 
12.10 
12.30 
13.40 


12.20 
13.30 
13.70 
16.10 
11.70 
9.10 
9.20 


11.10 


- 


- 


- 


- 


- 


- 


- 
- 


13.80 
14.90 
13.30 
15.00 
12.00 
11.50 
10.40 
11.70 
11.60 
10.90 
14.00 
12.50 
15.00 
12.50 
13.80 
13.00 
11.20 
14.70 
12.00 
15.90 _. .. 


11.30 
17.20 


-25.00 
-47.40 


-35.10 
-47.80 


-28.00 
-40.00 


28.50 
-9.60 
16.00 
54.50 
30.90 
1 1.50 
34.80 


-23.70 
-30.40 


43.70 
107.00 
112.00 
182.00 
231.00 
348.00 
440.00 


7.10 
-7.00 
87.30 
43.00 
56.00 


127.00 
5.60 


83.00 
66.40 
32.00 
18.50 
66.40 


150.00 
155.00 
254.00 
105.00 
11 1.00 
174.00 
174.00 
123.00 
187.00 
159.00 
202.00 
215.00 
-17.00 
-24.70 


53.10 
-12.30 
-21.50 


68.00 
34.00 
46.00 
83.60 
9.00 


33.00 
43.50 


-14.00 
- 10.30 


72.50 
142.00 
158.00 
243.00 
102.00 
101.00 
140.00 
147.00 
174.00 
189.00 
118.50 
90.20 


174.00 
45.50 
97.00 


115.00 
71.50 


114.00 
149.00 


13.50 


7.50 


147.00 


2.00 
2.00 
4.00 
1 .OO 
1 .OO 
2.00 
1.00 
1 .OO 
2.00 
1 .oo 
1 .00 
2.00 
1 .oo 
1.00 
2.00 
1 .oo 
1.00 
2.00 
1 .oo 
1.00 
2.00 
2.00 
2.00 
4.00 
2.00 
2.00 
4.00 
1.00 
1 .oo 
2.00 
1 .oo 
1 .OO 
2.00 
1.00 
1 .oo 
2.00 
1 .00 
1 .oo 
2.00 
2.00 
2.00 
4.00 
1 .OO 
1.00 
2.00 
1 .oo 
1 .oo 
2.00 
2.00 
2.00 
4.00 
1 .00 
1.00 
2.00 
1 .oo 
1 .00 
2.00 
1.00 
1 .00 
2.00 
1.00 
1.00 
2.00 
1 .OO 
1 .00 
2.00 
2.00 
2.00 
4.00 
1 .00 
1 .00 
2.00 
2.00 
2.00 
4.00 
1 .00 
1.00 
2.00 
1 .oo 
1 .00 
2.00 


14.40 
14.40 
14.40 
14.50 
14.50 
14.50 
15.50 
15.50 
15.50 
14.80 
14.80 
14.80 
13.20 
13.20 
13.20 
13.90 
13.90 
13.90 
15.00 
15.00 
15.00 
15.60 
15.60 
15.60 
16.60 
16.60 
16.60 
15.90 
15.90 
15.90 
14.30 
14.30 
14.30 
15.00 
15.00 
15.00 
16.10 
16.10 
16.10 
12.00 
12.00 
12.00 
12.70 
12.70 
12.70 
13.80 
13.80 
13.80 
14.60 
14.60 
14.60 
15.60 
15.60 
15.60 
14.90 
14.90 
14.90 
13.30 
13.30 
13.30 
14.00 
14.00 
14.00 
15.10 
15.10 
15.10 
13.40 
13.40 
13.40 
14.50 
14.50 
14.50 
15.20 
15.20 
15.20 
13.60 
13.60 
13.60 
14.30 
14.30 
14.30 
15.40 
15.40 


0.62 
0.40 
0.00 
1.38 
1.79 
1.96 
1.45 
1.77 
1.99 
3.72 
4.20 
4.47 
1.45 
1.61 
1.58 
1.59 
1.45 
1.36 
1.70 
2.05 
2.05 
2.45 
2.27 
0.00 
2.05 
1.47 


.o.oo 
4.19 
3.44 
2.66 
1.37 
2.15 
2.27 
1.71 
2.66 
2.95 
2.73 
2.17 
2.10 
2.62 
2.09 
1.40 
1.85 
1.90 
1.45 
2.65 
2.39 
2.76 
2.20 
1.35 
0.00 
2.20 
1.52 
0.00 
4.30 
3.30 
2.59 
1.31 
2.15 
2.25 
1.79 
2.70 
2.99 
2.50 
2.22 
2.02 
1.45 
1.79 
1.52 
1.52 
2.73 
3.39 
6.04 
3.83 
0.58 
3.15 
3.91 
6.05 
4.28 
4.85 
6.32 
3.82 
3.50 
2.50 


0.27 
0.27 
0.27 
2.24 
2.24 
2.24 
2.33 
2.33 
2.33 
9.75 
9.75 
9.75 
2.24 
2.24 
2.24 
2.33 
2.33 
2.33 
9.75 
9.75 
9.75 


19.22 
19.22 
19.22 
5.99 
5.99 
5.99 


20.72 
20.72 
20.72 
5.10 
5.10' 
5.10 
5.18 
5.18 
5.18 


12.60 
12.60 
12.60 
4.20 
4.20 
4.20 
4.29 
4.29 
4.29 


11.71 
11.71 
11.71 
5.78 
5.78 
5.78 
5.88 
5.88 
5.88 


20.61 
20.61 
20.61 
4.99 
4.99 
4.99 
5.18 
5.18 
5.18 


12.60 
12.60 
12.60 
4.38 
4.38 
4.38 


11.80 
11.80 
11.80 
35.45 
35.45 
35.45 
19.83 
19.83 
19.83 
19.91 
19.91 
19.91 
27.33 
27.33 
27.33 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
4.00 
4.00 
4.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
4.00 
4.00 
4.00 
6.00 
6.00 
6.00 
4.00 
4.00 
4.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
4.00 
4.00 
4.00 
6.00 
6.00 
6.00 
0.00 
0.00 
0.00 
2.00 
2.00 
2.00 
4.00 
4.00 
4.00 
2.00 
2.00 
2.00 


0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
2.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1 .oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1.00 
0.00 
0.00 
0.00 
0.00 
0.00 
1 .oo 
0.00 
0.00 
1.00 
0.00 
0.00 


o-NO2-COOH i.00 
rn -N02-COOH i41.00 1.00 
p-NO2-COOH 242.00 2.00 15.40 


2.00 
0.00 
0.00 
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Table 11-Results of Regression Analyses 
Dependent Variable r 


As/: 1.83 0.179 0.49 0.31 0.08 0.09 -0.09 -0.01 6.31 
(1.64) (1.17) (2.03) (0.58) (-0.12) (-0.04) (1.51) 


MP: 43.2 0.796 29.7 28.7 5.40 41.8 -28.5 -10.2 -492 
(4.60) (4.80) (6.44) (12.90) (-2.02) (-1.87) (-5.30) 


MP: 44.6 0.778 36.9 30.2 4.07 40.4 -535 
(6.44) (5.06) (6.58) (1 2.54) (-6.01) 


4Hf: 1169 0.476 540 491 75 526 -5231 
(3.13) (2.94) (4.36) (5.50) (-266) 


(-0.25) (-0.74) (-0.17) (-3.02) 11.4 (2.65) 


Independent Variable Estimated Coefficient (T Value) 
5 r L  U a QM HNO IHB MP DM Intercept 


4Hf: 672 0.829 -27.6 -79.7 -2.01 -268 21.4 4474 


AH/: 735 0.783 17.7 3065 
(15.5) (21.9) 


change (possibly to a linear anhydride) occurred as well. These data were 
excluded from the analysis. 


Variables-One purpose of this study was to determine whether the 
thermodynamic properties of melting point, MP, heat of fusion, AH/, and 
entropy of fusion, 4.91, are dependent on other, easily predicted prop- 
erties. Molecular properties rather than bulk properties were chosen as 
parameters for two reasons. First, they can be estimated from the mo- 
lecular structure so they can be used for predictions about little-studied 
compounds and about compounds that have not yet been synthesized. 
Second, the effects of molecular properties are more easily interpreted 
and are more valuable in explaining and understanding any discovered 
relationship. 


Because these three thermodynamic properties are directly related 
[ A H ,  = (AS,) X T,, where T, is the Kelvin melting point], only two of 
them need be determined to obtain all three. Melting point is among the 
most difficult properties to predict. Fortunately, it is easily determined 
and frequently reported, so it is usually known. The entropy of fusion 
is largely predictable from previous work. The effects of certain electronic 
factors have not yet been determined and were the focus of this study. 


The maximum possible number of hydrogen bonds (HNO) and the 
dipole moment (DM) were selected because they are known to affect the 
degree of disorder in the liquid state. They also affect the entropy of fu -  
sion. The simulated quadrapole moment (QM) accounted for electronic 
effects that are strong in the closely packed crystal but weak at  the greater 
intermolecular distances in the liquid. The parameters (HNO, DM, and 
QM) can be predicted accurately from molecular structure alone (3), al- 
though experimental literature values were used in most cases. 


The orientational symmetry number, u,  accounted for the statistical 
likelihood of finding a molecule properly oriented for incorporation into 
the crystal. Sigma is defined as the orientational degeneracy of a molecule, 
Le.,  the number of orientations of the molecule that will appear identical 
when viewed from a given point. The ortho-, meta-, and para-dichloro- 
benzenes have sigma values of 2,2, and 4, respectively; ortho-, rneta-, and 
pora-bromochlorobenzenes have values of 1,  1, and 2, respectively. In 
this report, polyatomic groups such as CH3, NHz, NO*, OH, and COOH 
are treated as monoatomic substituents which are coplanar with the 
benzene ring. 


The polarizability, a, reflected the ability of the compound to interact 
with dipoles or induced dipoles. Polarizabilities were calculated from the 
following group incremental values: CcH4, 10.0; CH3, 2.2; CI, 2.3; Br. 3.3; 
N02, 2.6; NH2, 1.7; OH, 1.0; and COOH, 2.8. 


The dipole moments (DM) for all compounds were found in Ref. 13 
except for n-bromophenol, terephthalic acid, and p-hydroxyaniline. The 
brorno compound was assigned the same value as the corresponding 
chloro compound because their group contributions were similar. p -  
Hydroxyaniline was estimated as being in the same ratio to p-dihy- 
droxybenzene and p -diaminobenzene as the corresponding ortho and 
meta values. Terephthalic acid was assumed to be zero by i ts  planarity 
and symmetry. 


The simulated quadrapole moment is an artificial variable. It is the 
sum of the squares of the group dipole contributions from the two sub- 
stituents: 


QM = p: + pg (Eq. 4)  


The squares were used because quadrapole moment is defined by q = 
Zer*, where e is the charge and r is the distance between the charges, 
whereas dipole moment is simply proportional to the distance: 


p = x e r  (Eq. 5) 


The maximum number of possible hydrogen bonds touching each 
molecule was the smaller of 


HNO = 2 X Ha (Eq. 6a)  


or: 


HNO = 2 X H,j (Eq. 66) 


where Ha is the number of hydrogen bond acceptor sites (electron pairs 
on oxygen or nitrogen) and H d  is the number of hydrogen bond donor 
sites (hydrogen attached to oxygen or nitrogen). The smaller of the two 
values was used instead of the number of protons because repeating 
networks of association in the liquid must have an acceptor for each 
donor. 


The IHB variable indicated the ability of a molecule to form intra- 
molecular hydrogen bonds. Internal hydrogen bonding competes with 
external (intermolecular) hydrogen bonding and thus would be expected 
to decrease melting point. The IHB is unity if the compound is capable 
of forming a hydrogen bond in a s ix-  or seven-membered ring and zero 
if it is not. Thus, for resorcinol and related compounds, IHB = 0.0. 


The data were analyzed by multiple linear regression using the Sta- 
tistical Analysis System. The r2 value was used as a measure of correlation 
for each set tested. Values above 0.9 were considered quantitatively 
useful; values above 0.7 were considered a qualitative correlation, in- 
dicative of a trend but not good enough for accurate predictions; values 
below 0.7 were considered random. The T values were used to determine 
the significance of each independent variable’s contribution to the whole 
equation in multiple regressions. Values above 3 were considered to be 
borderline correlations, and values above 4 were considered to be sig- 
nificant contributions. The results of these tests are given in Tables I and 
11. 


RESULTS AND DISCUSSION 


The data consisted of 4S,, MP, u, a, DM, QM, HNO, and IHB values 
for all 84 compounds (Table I). The AH/ and AS, have been determined 
for only 69 compounds. If any of the variables were missing for a com- 
pound in a given analysis, that  compound was not included in that run. 
The number of common values determined the size of the data set for 
each regression. 


The results of the more interesting regression analyses for 4&, AH,, 
and MP are given in Table 11. 


Inspection of Table I1 shows that AS, does not depend on any of the 
parameters against which it was measured ( r Z  < 0.40). I t  is independent 
of the number of hydrogen bonds, of dipole moment, and of other mea- 
sures of attractive electronic factors. I t  is approximately constant, with 
a value of 12.7 f 2 eu (mean k SD) for all 69 data points. Constancy is 
also shown by the low estimated coefficients,which indicate an ap- 
proximately horizontal slope. The low Tvalue for u (Table 11) indicates 
that the effect of molecular geometry is also insignificant. Symmetry, 
moment of inertia, and other structurally related properties do not affect 
the entropy of fusion for these compounds. However, because this set o f  
compounds was chosen to minimize these geometrical effects, this result 
cannot be generalized. 


The fact that  the entropy of fusion is independent of the electronic 
attractive factors (Table Ill)  contradicts previous reports (10). For the 
24 compounds in the upper left quadrant (Table 111). neither substituent 
has a hydrogen bond-forming hydrogen. The average value of AS/ for this 
group is 13.0 f 1.48 eu. The upper right quadrant is occupied by the 30 
compounds with one hydrogen bond-forming substituent. The mean AS, 
for these compounds is 12.7 f 2.20 eu. (Two compounds with question- 
able values were excluded.) The average for all three groups is between 
12.5 and 13 eu, with no systematic decrease apparent. 


Bondi (10) stated that any factors that  interfere with free rotation in 
the liquid would decrease the entropy. Hydrogen bonds and strong di- 
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Table Ill-Fusion Entropies (eu) of Disubstituted Benzene Compounds 
S U t ) \ t  I t  uents CH,r CI Br NO1 OH NH2 C02H 


(’HI ( I  13.2 L I, 
ni 12.4 L L 
P 14 2 12.9 12.0 


(‘1. 0 12 1 L 
ni 12.3 12.2 
I-’ 


Hr: I I  


nt 
P 


NH?: 1 1  


nt 


L 
11.4 
12.6 
13.7 
16.1 
11.7 
16.3 
13.7 


14.0 
[ 10.01 


12.5 
15.0 


12.4 
9.0 
9.6 
9.1 
9.2 


11.1 
9.7 
L 


10.5 
12.5 
13.8 
13.0 
14.4 
13.3 
14.6 


L 
L 


13.5 
L 
L 


13.8 
[ 13.01 * 


L 
[ 14.41 
11.2 
14.7 


12.8 
9.9 


12.4 
14.9 
13.3 
15.0 


11.3 


11.6 
10.9 


0 1. = l i q d  ai rocrn temperature Values in brackets were determined experimentally by differential scanning calorimetry. All others are literature values. Decomposed 
twf<brc rnc~lling. d Evidence of reaction during melting. Not used Evidence of reaction and sublimation during melting. Not  used. 


Table IV-Entropy of Fusion Differences between Substituted 
Phenols and Their  Hydrocarbon Homomorphs 


Hydroxy 
Derivative 


Hydrocarbon 
Homomoroh AASr 


o-Hydroxytoluene 
ni - H ydroxytoluene 
p-Hydroxytoluene 
( I  -(’IilorophetioI 
i i i  (’hlorophenol 
1) -(’hlorophenol 
o -13roniophenol 
ni -1ironwptienoI 
11 -Hromophenol 
t r -  Nitrophenol 
r r i  -Nitrophenol 
p-Nitrciphenol 
( I -  Atninophenol 
rn - A  minopheno! 
/ J  -Aminophenol 
( J  -1)i hydr(ixyl)enzene 
nt -I)ih~droxy~)enzpiip 
11. I)ihSdrox\fhenzene 
o-Hydroxyhenzoic acid 
in -1iydroxyhenzoic acid 
p-Hydroxyhenzoic acid 
R-C,;HAOH 


o -Toluene 
rn -‘l’oluene 
p-Toluene 
o -Chlorotoluene 
m -Chlorotoluene 
p -C hlorotoluene 
o-Bromotoluene 
ITS -Bromotoluene 
p -Hromotoluene 
o-Nitrotoluene 
177 -Nitrotoluene 
p - Nitrotoluene 
0 -  Aminotoluene 
m -  Aminotoluene 
p ~ Aminotoluene 
o - H ydrox ytoluene 
m -Hydroxytoluene 
p -Hydroxytoluene 
o-Toluic acid 
m -Toluic acid 
p-Toluic acid 
H - C ~ ~ H ~ C H R  


0.8 
3.4 
4.6 
- 
- 


1.8 
- 
- 


-2.4 


2.4 
0.4 


- 


- 
- 
- 


-2.0 
-3.3 
-5.0 


2.0 
-4.8 
-0.2 
-0.180 


poles restrict free rotation and decrease the disorder in the liquid state. 
The lack of‘ effect of‘ these phenomena on the entropy of fusion can be 
explaiiied on the hasis of‘ the effect of hydrogen bonding in the crystal. 


Ktitropy i.; related to disorder by a logarithmic function: 


(Eq. 7) 


TIw orientationol contribution to the entropy is determined by the ratio 
of the numher of complexions available in the liquid to the number of 
complexions availahle in the crystal. If the magnitude of the torsional 
oscillations were restricted in the crystal by the same percentage as the 
rotations are restricted in the liquid, there would be no change in entropy. 
The elfect o f  hydrogen bonding on bulk crystalline properties such as 
packing density and melting point shows that factors that  lead to asso- 
ciation i n  the liquid also hold the molecules more tightly in the solid. The 
smaller A-B intermolerular distances and the appearance of A-H-B 
vibrational modes in the IR regions provide evidence that hydrogen bonds 
might restrict these torsional oscillations in the crystal (14). 


‘I’he lack of a consistent effect of hydrogen bonding can be demon- 
strated b y  comparing the entropy of fusion of hydroxyl compounds with 
that of‘ their methyl homomorphs (Table IV). 


R AS,,, = H In 2 
fitor 


The heat of fusion equals the product of the entropy and the melting 
point. If the entropy is a constant, AH! should depend only on MP. 
Therefore, the value of the correlation coefficient of the regression AH, 
uersus MP indicates how well 12.7 approximates the entropy of the set 
of compounds tested. Table I1 shows that AH, does indeed depend only 
on MP. The r2  value of 0.78 shows that a strong correlation exists but 
accurate values must be determined experimentally. 


The regression analysis of melting point is also given in Table 11. Four 
parameters were necessary to obtain a definite trend. These results were 
difficult to interpret because of the low r 2  value for the number of pa- 
rameters and the large contribution of the sigma parameter, which 
probably includes a large variety of unspecified factors. The most in- 
teresting results is the much larger contribution of QM than DM as a 
result of the proximity of the molecules in the crystal. In the tightly 
parked, highly ordered crystal lattice, the molecules arrange themselves 
so that the negative parts of one molecule are closest to the positive 
portions of neighboring molecules. At these distances, a negative group 
is strongly attracted to the positive charge adjacent to it, but it is largely 
unaffected by the repulsive forces a t  the other end of the molecule since 
quadrapole fields fall off so rapidly with distance (much more rapidly 
than dipoles). Although.no definite conclusions can be drawn from the 
melting-point correlations, they provide some encouragement for the 
eventual ability to understand and predict melting point. 
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Abstract 0 The pharmacokinetics of morphine and its derived metab- 
olite, morphine 3-monoglucuronide, were studied in normal and bile- 
cannulated dogs. High doses (7.2-7.7 mglkg iv) caused renal and biliary 
shutdowns and time lags in urinary drug and metabolite excretion and 
in biliary secretion of the hepatically formed conjugate. Intermediate 
doses (0.41-0.47 mg/kg iv) inhibited urine flow but not renal clearance. 
Low doses (0.019-0.07 mg/kg iv) had no apparent effect. Dose-related 
effects on the total, metabolic, and biliary clearances imply saturable 
enzymes and/or dose-inhibited hepatic flows, accounting for the major 
elimination half-lives of 83 f 8 and 37 i 13 min a t  the high and low doses, 
respectively. The slow terminal phase in plasma morphine and metabolite 
elimination and urinary accumulation is due apparently to the entero- 
hepatic metabolite recirculation after biliary excretion, gastrointestinal 
hydrolysis, and hepatic first-pass reconjugation. Bile-cannulated dogs 
showed no fecal drug and no slow t.erminal plasma and urine elimination 
phases. Intravenous morphine 3-monoglucuronide was eliminated only 
renally and showed neither biliary excretion nor prolonged hepatically 
formed glucuronide elimination. Hepatic morphine clearances at normal 
therapeutic doses parallel hepatic blood flow and explain the lack of oral 
morphine bioavailability by anticipating complete first-pass liver me- 
tabolism. Renal morphine and morphine conjugate clearances were 85 
(f 9 S E M )  and 41 (i 4 S E M )  ml/min, respectively, indicating glomerular 
filtration for the latter and glomerular filtration plus tubular secretion 
for the former. Urinary morphine and morphine conjugate excretion 
accounted for -83% of the dose. Biliary secretion accounted for 11-14% 
of the dose. Morphine showed dose-independent plasma protein binding 
of 36 (i 1 S E M )  % and a red cell-plasma water partition coefficient of 
1.1 1 i 0.04 SD. New equations were developed to model the discontin- 
uous morphine and morphine metabolite pharmacokinetics. 


Keyphrases 0 Morphine-pharmacokinetics, dose related, dogs 0 
Morphine monoglucuronide-pharmacokinetics, dose related, dogs 
Pharmacokinetics-morphine, morphine monoglucuronide, dose related, 
dogs 


Early studies on the distribution and disposition of 
morphine were largely descriptive! (1-6). Rigorous phar- 
macokinetic studies were limited and usually only related 
to the parent compound a t  high doses. Early time course 
studies (7-10) in the dog were conducted a t  large time in- 
tervals and at high 30-mghg levels (human therapeutic 
dose is 0.14 mg/kg) due to color complex assay sensitivity 
limitations (10). Early morphine studies (9) estimated that 
78-97% of the administered morphine was recoverable in 
urinary and fecal excretions, 14% as free morphine and 55% 
as presumed glucuronide conjugate in the urine, and 6-26% 
in the feces with less than 2% of the total drug as the con- 
jugate. The plasma [N-l4C-methyl]morphine half-life was 
estimated at  -1 hr (11). 


BACKGROUND 


A fluorometric method with a sensitivity of 1 pg/ml of plasma was used 
by Kupferberg et al. (12) in a single rabbit study of six time samples at 
15 mghg  to demonstrate apparent biphasic morphine decay in plasma 
with a terminal half-life that  could be roughly estimated as 1 hr. 


Only in the last decade has the morphine time course been monitored 
with sufficient attention to warrant any pharmacokinetic data anal- 
ysis. 


A highly sensitive GLC method was used to monitor the time course 
of morphine at 2.5 mg/kg iv in the rat  (13). At least three exponentials 
were needed to fit the plasma level-time curve. 


Radioimmunoassay was used to monitor morphine, 0.14 mg/kg iv, in 
human plasma (14,151, and the results indicated an apparent triphasic 
loss that included a rapid initial decline during the first 5-10 min, a 
subsequent slower but  precipitous decline with a half-life of 1.0-3.1 hr, 
and a terminal slow disappearence of 10-44 hr a t  plasma levels of <lo 
ng/ml. A separate study (16) at 1 mg/kg infused over 12 min could only 
demonstrate a two-compartment body model when conducted for 2 hr 
after the completion of the infusion. Total clearance was 378 f 63 ml/min. 
The apparent half-lives were similar to those of the previous studies; 
mean values were 1 f 1 and 137 f 14 min, with the latter phase ranging 
from 1.3 to 3.5 hr. These half-lives were similar to those for the lower 
O.ll-mg/kg dose and suggested that the assumption of a saturable or 
capacity-limited process for morphine was not warranted. Since different 
subjects were used for the different doses, this concept cannot be rigor- 
ously concluded. Mean apparent volumes of distribution of the central 
compartment and the total apparent distribution space were 9 and 102% 
of body weight, respectively. 


Radiolabeled morphine a t  0.14 mg/kg in humans (17, 18) showed an 
initially fast distribution phase and an apparent terminal half-life of 
2.1-2.6 hr. The sensitivity of 20-30 ng/ml of plasma may not have per- 
mitted the observation of a slow terminal phase. Conjugate quickly ap- 
peared in the plasma close to its maximum value a t  -40 min. Cumulative 
urinary excretion of free morphine and of the conjugate was 8.5-9.3 and 
66-70% of the dose, respectively. The renal drug and metabolite clear- 
ances were given as 109-171 and 50-115 ml/min, respectively. The 
qualitative formation of N-demethylated morphine was observed by 
following the time course of expired 14C02. 


Catlin (19) investigated morphine pharmacokinetics in the rabbit by 
morphine radioimmunoassay methods with the intent of confirming the 
presence of multiphasic pharmacokinetics as indicated by previous 
studies that apparently demonstrated a terminal half-life of many hours 
or days. He clearly demonstrated that a two- or three-compartment body 
model in the rabbit could be observed, depeddent on antiserum specificity 
and on possible interaction with metabolites. He stated that he would 
reject the third compartment for the rabbit and retain only two half-lives 
of 13 and 72 min. No pharmacokinetic dose dependency was observed 
between the 1- and lO-mg/kg doses. Catlin (19) issued the caveat for the 
previously cited radioimmunoassay studies in humans (14, 15), where 
an  apparently long terminal half-life was observed, that  “providing the 
antiserum used. . . did not seriously cross-react with morphine metab- 
olites, it appears that in man the two compartment model is not sufficient 
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Figure 1-Typical calibration curve for the assay of 14C-morphine in 
dog plasma extracted with 10% butanol-chloroform after the addition 
of 0.5 g of NaHC03 to 2 ml of plasma by liquid scintillation spectrometry 
in the absence (A) and presence (0) of 100 nglml of I4C-morphine-3- 
glucuronide. The vertical bars give the & SD of four replicate determi- 
nations. 


to descrihe the data.” Stripped of its niceties, the statement implies that 
radioimmunoassay assays for low morphine levels in the presence of 
metabolites are suspect and that the assumption of a deep compartment 
in humans is not assured. 


Definitive pharmacokinetic studies in other animal species and humans 
still are needed to prove the presence of a deep compartment charac- 
terized by a slow terminal release of administered morphine from the 
hody. The reported studies were designed to challenge the hypothesis 
of a deep morphine compartment with slow terminal release. 


The only attempt to challenge systematically dose-dependent mor- 
phine pharmacokinetics was made by Catlin (19) in the rabbit. His con- 
clusion of nondose dependence is surprising in the light of known mor- 
phine pharmacology. Although morphine is used primarily as an analgesic 
agent, it elicits many other pharmacodynamic responses (20) including 
cardiovascular and respiratory effects such as peripheral vasodilation, 
blood pressure decrease, blood compartment volume changes, and res- 
piratory depression. Morphine increased hiliary pressure and caused 
hiliary tract spasms which could impede biliary excretion. 


Handley and Moyer (21) showed that intravenous doses of 1 mg/kg or 
more to the dog produced not only a pronounced fall in mean blood 
pressure but also an abrupt and sustained depression of the glomerular 
filtration rate and renal plasma flow and a maximal rate of dextrose 
reabsorption by the renal tubules. Such pharmacological effects should 
have a decided “feedback” effect on morphine pharmacokinetics as a 
function of dose. This paper reports on the apparent perturbations of 
morphine pharmacokinetics by its dose-dependent pharmacological ef- 
fects. 


These potential problems offer a challenge in proper pharmacokinetic 
modeling. Not only must nonlinearities that  may not conform to simple 
saturation models be taken into account, hut discontinuities in phar- 
macokinetic processes must be considered. Such discontinuities can be 
caused by shutdowns in renal and hiliary processes and the holdup of 
significant drug and metabolite quantities in the kidneys and bile. 


Pharmacokinetic studies have not monitored the constancies of renal 
and metabolic clearances of morphine and its metabolites as a function 
of dose. These canine studies were designed to permit a pharmacokine- 
tically unified appraisal of the time courses of intravenous morphine and 
its principal metabolite (2,3),  morphine-3-monoglucuionide, in plasma, 


urine, bile, and feces over a wide spectrum of doses. It is believed (2,3,  
6) that the formation of other metabolites in the dog is negligible. 


The separation techniques used here permit the specific monitoring 
of radiolabeled morphine and its conjugates in the various biological fluid 
studied (22). The analytical methods used were equivalent to several 
independent nonradioactive assays. 


EXPERIMENTAL 


Materials-The following were used: nanograde chloroform’, ana- 
lytical grade butanoll, N- 14C-methyl-morphine hydrochloride*, mor- 
phine sulfate USP3, silicone solution4, thin-layer plates5, chromatogram 
sheets6, a scintillant (Handifluorl), sodium bicarbonate’, tert-butylhy- 
droperoxide7, heparin sodium8 (10,000 units/ml), and pentobarbital so- 
diumg. 


Puri ty  of N-L4C-rnetbyl-Morphine-Vendor analysis of the N -  
.14C-methyl-morphine hydrochloride (143 pCi/mg) (1 pCi = 2.2 X lofi 
dpm) stated a 98% radiolabeled purity in carbon tetrachloride-n-huta- 
nol-methanol-5 N ammonia (4030:30:4). TLC6 in the system of n -pro- 
panol-acetone-acetic acid-5% ammonium hydroxide-water (9:3:2:2:4) 
(23) separated morphine ( R f  0.67) from the other alkaloids. One-centi- 
meter sections of the developed chromatogram were scraped into vials, 
dissolved in 1.0 ml of water, and counted in a scintillation counterlo. 


14C-Morphine and I4C-Morphine Glucuronide Assay in Biological 
Fluids-All glassware was silylated because of morphine adsorption by 
glass a t  low concentrations (24). Sodium hicarbonate (0.5 g) was added 
to 2 ml of plasma, urine, or bile containing morphine. This solution was 
shaken with 9 ml of 10% butanol-chloroform for 10 min and separated 
by centrifugation” a t  1000 rpm. The upper aqueous phase was removed 
by aspiration, and an appropriate organic phase aliquot was evaporated 
in a scintillation vial under nitrogen in a water bath a t  50’. Scintillant 
(10 m1)I2 was added, and the resultant I4C-morphine solution was 
counted. 


The original plasma, urine, or bile 14C-morphine concentration was 
calculated by dividing by the extraction efficiency and the specific ac- 
tivity. A typical linear calibration curve for ‘‘C-morphine in dog plasma 
in the absence and presence of ~4C-morphine-3-glucuronide is given in 
Fig. 1. 


The morphine extraction efficiency from a buffered 2.0-ml plasma 
sample with 9 ml of 10% hutanol-chloroform was 0.84 f 0.03 (SD). The 
solvent-plasma partition coefficient was 1.17, calculated from: 


(Eq. 1) 


where Ao/(A - A,) is the ratio of the organic phase concentration (0.84 
A )  to the aqueous plasma concentration (0.16 A ) ;  V,. (2 ml) and V,, (9 
ml) are the plasma and organic solution volumes, respectively; and A is 
the total plasma concentration before extraction. Where the organic 
solvent volume (V,) and/or the extracted plasma volume (V,) were 
varied, the total extracted plasma morphine fraction (fix) was calculated 
from: 


fex  = Ao/A = 1 4 1  + V,/V,,K) (Eq. 2) 


where K = 1.167. 
The extraction efficiency of morphine from buffered urine (2 ml with 


9 ml of organic solvent) was 0.87 f 0.02 to give a partition coefficient from 
urine of K = I .49 (Eq. 1).  The fraction extracted from a different volume 
of urine was calculated from Eq. 2. 


The plasma, urine, or bile concentration (disintegrations per minute 
per milliliter) of the unextractable morphine metabolite was determined 
from the difference between the experimentally determined total dis- 
integrations per minute per milliliter of unextracted plasma, urine, or 
bile and the calculated disintegrations per minute per milliliter assigned 
to the morphine concentration in these biological fluids. Unextracted 


I Mallinckrodt Chemical Works, St. Louis, MO 63160. 
Amersham/Searle, Arlington Heights, IL 60005. 
Merck Sharp and Dohme, West Point, PA 19486. 
Siliclad, Clay Adams, Parsippany. N.107054. 
Uniplate, Analtech Inc., Newark, DE 1971 1. 
Eastman Kodak Co., Rochester, NY 14650. 
Matheson Coleman and Bell, Norwood, OH 46212. 
The Upjohn Co., Kalamazoo, Mich. 
Nembutal Sodium, Abbott Laboratories, North Chicago, Ill. 


International centrifuge, model K, International Equipment Co., Needham 
lo Beckmah Instrument Co., Fullerton, CA 92634. 


‘#Handifluor. Mallinckrodt Chemical Works, St. Louis, MO 63160. 
Hei hts, Mass. 
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plasma, urine, or bile (0.2 ml) was counted by adding 1.0 ml of water plus 
10 ml of scintillant. 


All counts per minute were converted to disintegrations per minute 
by dividing by the counting efficiencies. Nanogram morphine base 
equivalents were determined by dividing the disintegration per minute 
values by the specific activity of the morphine free base. The counting 
efficiencies of plasma, urine, bile, fecal slurries (10% w/v homogenate in 
water), and their extracts were determined by adding a known standard 
14C-toluene amount to previously counted samples and recounting. The 
counting efficiency was the ratio of the difference in counts per minute 
values to the disintegrations per minute added. Blood and bile samples 
were digested with 0.5 ml of 1 N NaOH and bleached with 0.5 ml of 
fert-butylhydroperoxide prior to extraction and counting. 
~~C-Morphine-3-monoglucuronide Isolation-The metabolite was 


isolated from the urine of dogs administered I4C-morphine. A literature 
procedure (24) was used, except that TLC was substituted for anionic- 
exchange separation. Urine (30 ml) was shaken with 2 g of charcoal in a 
50-ml centrifuge tube for 1 hr and centrifuged for 3 min. The aqueous 
layer was decanted, and the residual charcoal was washed twice with 30 
mi of water. The adsorbed morphine and metabolites were extracted from 
the charcoal by shaking it with 10 ml of acetic acid for 30 min and cen- 
trifuging for 10 min. This procedure was repeated three times. 


The resulting extracts were collected and filtered through filter paper 
to remove the finer charcoal particles. The clear liquid was evaporated 
under reduced pressure':', and the residue was dissolved in 10 ml of water. 
This solution was chr~matographed~ in n-propanol-acetone-acetic 
acid-6% ammonium hydroxide-water (9:3:2:2:4) to separate morphine 
from its metabolite. The chromatogram was developed for 15 cm, and 
the metabolite spot (RI 0.48) was scraped from the plate and eluted with 
hot water. The silica gel slurry was filtered to give a metabolite solu- 
tion. 


Metabolite Purity-The purity of the radiolabeled morphine-3- 
monoglucuronide metabolite was based on the R/ values of the isolated 
compound uersus an authentic nonradioactive standardI4. The following 
systems were used to verify the purity: System I (R, 0.48), n-propanol- 
acetone-acetic acid-5% ammonium hydroxide-water (93:24:4) (3); and 
System I1 (R f  O.O), chloroform-ethanol-water-acetic acid (201015:l) 
(4). The morphine-3-monoglucuronide was visualized under UV light, 
and 1-cm sections were scraped into scintillation vials and counted. The 
chromatographic purity was 96%. 


Metabolite Purity by Extraction-One hundred nanograms (10 pl )  
of the radiolabeled metabolite was added to each of three test tubes 
containing 2 ml of water to give a final concentration of the metabolite 
of 50 ng/ml. Each tube was extracted three times after the addition of 0.5 
g of NaHCOa with 9 ml of 10% butanol-chloroform. Then 8 ml of each 
total extract was collected, dried, and counted. Less than 1.4% (1.1. 1.4, 
and 1.2) was extracted by this procedure. 


Attempted Identification of Additional Major Metabolites- 
Plasma ultrafiltrates and urine samples from several dogs administered 
morphine were analyzed by TLC (System I). Two compounds were 
visualized, and their R/ values were determined by radioactive analysis 
of scrapings. They were morphine glucuronide ( R f  0.48) and morphine 
(Rf  0.67). These plasma and urine samples were also extracted with tet- 
rahydrofuran a t  pH 1,8, and 10, and the extracts werechromatographed 
in System I. Each chromatogram was developed to 15 cm, and 1-cm sec- 
tions were scraped into scintillation vials and counted after the addition 
of 1 ml of water. Additional compounds were not observed a t  other Rf 
values. 


Protein Binding-The binding of I4C-morphine and 14C-morphine 
3-monoglucuronide was studied by an ultrafiltration method (25). When 
these drugs were dissolved in buffer and ultrafiltered through the cone 
membraneI5, no significant cone binding of drugs was observed. Standard 
morphine solutions were prepared in plasma a t  10 and 100 ng/ml and a t  
2.48pg/ml. The ultrafiltration cones were soaked in water and spun dry 
prior to use. The dried cones were placed in ultrafiltration cone supports 
in centrifuge tubes. 


One milliliter of 0.05 M phosphate buffer, a t  ionic strength 0.154 and 
pH values of 7.4,7.5, and 7.8, was placed in each cone. The appropriate 
standard plasma solution concentration was added, with agitation to 
effect mixing, until a volume of 5.0 ml was obtained. An aliquot (0.2 ml) 
was analyzed for total radioactivity. The samples were allowed to stand 


13 Buchi Rotavapor, Brinkmann Instruments, Westbury, NY 11590. 
14 National Institute of Mental Health, Center for Studies of Narcotic and Drug 


I6 Centriflo CF 50 membrane filter cone with CSTL support, Amicon Co., Lex- 
Abuse, Bethesde, Md. 


ington, Mass. 


a t  room temperature for 3 min, 12 min, or 1 hr and then were centrifuged 
at 2 0  rpm for 10 rnin to half-filtration. The ultrafiltrates were assayed 
hy liquid scintillation spectrophotometry. 


Similar studies were conducted with dog plasma a t  100 ng of mor- 
phine-3-glucuronide/ml a t  pH values of 7.1 and 7.4. 


Red Blood Cell Partition-The partition of 14C-morphine and 
14C-morphine-3-monoglucuronide into the red blood cells was studied 
as a function of drug concentration and time. Fresh heparinized dog blood 
was added with gentle shaking to 10-ml volumetric flasks containing 
enough W-morphine to  achieve concentrations of 1,10, 100, and 1000 
ng/ml. Dog blood also was added to another set of volumetric flasks 
containing sufficient 14C-metabolite to achieve concentrations of 50 and 
500 ng/ml. Hematocrits were determined, and aliquots (3 ml) were taken 
after 30 sec and 30 min at room temperature and assayed for total ra- 
dioactivity. The remaining blood was centrifuged a t  loo0 rpm for 10 min, 
and the plasma was analyzed for total radioactivity. 


Pharmacokinetics of Morphine and Its Derived Metabolite-The 
dogs were fasted for 24 hr before each experiment and then weighed. 
Chronic jugular vein catheterization was done with medical grade tub- 


at least 48 hr before the scheduled experiment. All blood sampling 
was done through this catheter. 


On the day of the experiment, the dog was placed on a table in a 
standing position and restrained by separate straps around the fore- and 
hindlegs, which were fixed to a horizontal bar above. A water load of 15 
ml/kg was administered through stomach tuhing. A continuous 0.9% NaCl 
drip (1 ml/min) was maintained for 500 min. A transurethral catheter17 
was used to collect bladder urine for the first 12 hr. After 12 hr, urine was 
collected from the metabolic cages, with completeness achieved by acute 
catheterization. After anaerobic collection, the blood pH and Pco2 were 
routinely determined on the gas analyzer la. Hematocrits were determined 
utilizing a microhematocrit centrifuge and readerI9. 


Sterile procedures were used for blood handling when red blood cells 
were to be readministered. After separation from plasma, the packed cells 
were stored at 5'. At the end of the experiment, they were resuspended 
in normal saline and reinfused into the animal; 200,000 units of procaine 
penicillin G in dihydrostreptnmycin sulfatezo solution were administered 
intramuscularly. 


Hematology showed negative results for microfilaria. Body weights 
and the intravenous morphine doses are listed in Table I. A minimum 
period of 2 weeks was allowed between any two experiments on the same 
dog. 


14C-Morphine hydrochloride was diluted with morphine sulfate USP, 
and the specific activity of the final mixture determined. The morphine 
was administered intravenously, as freshly prepared solutions in plasma, 
into the jugular catheter over 10 sec for the 0.02- and 0.07-mg/kg doses; 
it was injected into the cephalic vein for the 0.4-0.5- and 7.2-7.7-mg/kg 
doses. Drug administration was followed by a 5-ml flush of normal saline 
to free the catheter of residual drug. At the highest dose, the dogs ex- 
hibited a phenomenon known as sham rage and had to be physically re- 
strained so that blood could be sampled. 


Blood samples were taken from the jugular catheter after the dead 
space volume was removed and the catheter was filled with fresh undi- 
luted blood. Sterile disposable syringes containing approximately 50 pl 
of heparin (l0,OOO units/ml) were used to collect blood samples. The blood 
was transferred to a 15-ml centrifuge tube and centrifuged a t  1500 rpm 
for 10 min, with 2 ml of the supernatant plasma being transferred to tubes 
containing 0.5 g of sodium bicarbonate for extraction. Blood samples (5  
ml) were taken at 0.5,1,2,5,10, and 20 rnin after the morphine injection; 
8-ml samples were taken a t  30,45,75, 110, and 180 min; 1-ml samples 
were taken hourly thereafter to 12 hr and finally every 12 hr up to 50 hr. 
When pH and hematocrit values were to be evaluated, a small portion 
of the sample was left in the syringe. 


Urine was collected every 10 min up to 1 hr, then hourly up to 12 hr, 
and then every 12 hr up  to 100 hr. The volume was noted, and the urine 
was stored in bottles and refrigerated a t  5'. 


Feces were collected a t  24-hr intervals. 
Pharmacokinetics of 14C-Morphine-3-monoglucuronide-The 


purified metabolite morphine-3-monoglucuronide was administered 
intravenously to  Dog A, which had not been used in a previous phar- 


l6 Silastic tubing, Dow Corning Corp. Medical Products, Midland, MI 48640. 
French size 6, Bard Inc., Murray Hill, N.J. 
Mode1 113-5-1 pH-blood gasanalyzer, Instrumentation Lahoratories, Boston. 


Distrycillin, 200,000 units, 0.25 g/ml, E. R. Squibb and Sons. New Rrunswick, 


Mass. 


NJ 08903. 


l9 Damon/I.E.C. Division, Needham Heights, MA 02194. 
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Figure 2-Plots of experimental values of morphine, [MIexp (O), and the morphine conjugate, [MG],,, fa), in nanograms per milliliter of plasma 
as morphine equivalents against time at high morphine base doses, -7.5 mg/kg iv. The solid line through the experimental [MI values was calculated 
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from the polyexponential fit, [MI = Ae-"' + Be-& + Ce+. (See Table I for  parameters.) The solid line through the experimental [MGlerp values 
was calculated on the assumption of  a constant metabolic morphine clearanee, C l ~ c l ,  so that [MG] = (CImct AUCM - ZBMG - ZU'#)/VMG as in 
Eq. A13. The Cl,,,,, and VMG values for each dog could be obtained from appropriate plots of  the data in  accordance with Eqs. A11 and A12 (Fig. 
7) based on the assumed validity of the ZByE data (0) from the bile-cannulated dog for the normal dog. The [MG] values were also calculated 
for the normal dog from estimates of  CImet = cltot - Clg", where Clt,t = dose/AUCM, and ZBMG = C~BAUCM, where Cl,,t - ClB and VMG values 
were estimated from plots in accordance with Eqs. A16 and A17 (Figs. 8 and 9). 


The experimental values of cumulative morphine, ZUSp (A), and its conjugate, Z U S e  (0). in urine are also plotted against time. The solid 
lines through the data points are the theoretical values calculated from ZUM = CI?, (AUCM - AUCM) and ZUMG = Clf"? ( A U C M ~  - AUCMG), 
where AUCg and AUCMG are the respective areas under the [M] and [MG] versus time curues u p  to the time, tl, of onset of renal excretion. The 
renal clearances, Cl:,, and (21::. were consistent with the values obtained from the slopes of  the renal clearance plots of AU/At versus plasma 
level (Fig. 5). 


The calculated values of  ZBMG = C I ~ , ,  AUCM - ZUg6  - VMG [MGIexp of  Eq. A22 are represented by the solid line through the experimental 
values of Z B g g  (O), which were obtained from studies with the bile-cannulated dog at the same dose (Fig. 2a). The CImet and VMG values were 
obtained from appropriate plots of the data in accordance with Eqs. A l l  and A12 (Fig. 7). 


Alternative estimates of  cumulative conjugate in the bile, ZBMG (O), o f  the normal (not bile cannulated) dog (Figs. 2b  and 2c) were based on 
the Clmet and VMG values obtained from appropriate data plots in accordance with Eqs. A16and A17 (Figs. 8 and 9). The solid line through these 
data (0 )  was based on the assumed constant biliary clearance obtained from these plots and was calculated from ZBgL = CIB (AUCM - AUCB), 
where AUCg is the area under the [MI versus time curve u p  to the time, tz, of onset of biliary excretion. The difference between this total amount 
of conjugate excreted in the bile, ZBGL, and the amount presumed to remain there, ZBLG, estimates the amount of conjugate enterohepaticafly 
recirculated to the systemic circulation. ZMGPnt = ZBgL - ZB$@ 


Terminal values of [M)erp (0) and [MG)pxp fo) tend to have larger errors since the liquidscintillation counts approach background. The respective 
solid symbols are the plasma level of [Mlrolr fa) and [MG];a,c (m) calculated from the estimated renal clearances and the observed ZUgP and 
2UMg values, respectively (Eq. A27). 


macokinetic study. A freshly prepared solution of the material containing 
50% plasma was injected into the jugular catheter over 10 sec. 


The same sampling schedule as for morphine was used. Urine was 
collected for 800 min. The dog was kept in the sling support for 8 hr and 
then placed in the metabolic cage. 


Biliary Excretion-Dog C was anesthetized with 30 mg/kg of pen- 
tobarbital sodium, a laparotomy was performed, the cystic duct was tied 
and cut, and the common bile duct was cannulated with tubingz1 (0.2 cm 
i.d. and 0.3 cm 0.d.). The other end was used to cannulate the caudal end 
of the common bile duct to provide for normat bile flow into the duo- 
denum. The tubing loop resulting from the cannulation was pulled 
cephalically subcutaneously and brought to the surface through an 
incision in the skin a t  the back of the neck. This loop was cut, and a 
connecting piece of tubing was inserted which, when removed, allowed 
for continuous bile sampling. 


The animal was allowed to recover from the surgical procedure and was 
administered a 7.7-mg/kg dose. After 3 weeks, this bile-cannulated animal 
was given a 0.41 -mg/kg dose. Blood and urine were collected as in other 
experiments. Bile was collected under heptane at 4.7,7.8,10,13,16,20, 
25,31,43,57,86. 176,290,382,520,600, 730, and 800 min. The volume 
was measured, and the bile was stored at 0" until analyzed by liquid 
scintillation counting in the manner described previously. 


Infusion Study-The procedure for this study was the same as for the 
other pharmacokinetic studies with the following changes. The infusion 
line was connected to the jugular vein catheter, usinga 19-gauge needle 
introduced through the flash ball injection site of the Plexitron admin- 
istration setzz for the chloride drip. This apparatus was attached to the 
catheter by a 14-gauge needlez3 and a three-way stopcock. The drug (3750 
pg of 14C-morphine) was prepared in 286.6 ml of sterile 75% isotonic saline 
plasma solution. The infusion rate (10 Mg/min) was attained using an 
infusion pumpz4. 


Blood (5 ml) was sampled a t  30,60,90,180,280,300,310,320, and 340 
min during the infusion. Postinfusion samples were collected a t  3 and 
9 min, then a t  30-min intervals up to 150-min postinfusion, and then a t  
90-min intervals up to 1200-min postinfusion. Urine was collected every 
20 min during the infusion. Following the infusion, urine was collected 
every 40 min for the 1st hr, then at 2-hr intervals up to 700-min postin- 
fusion, and subsequently every 8 hr up to 4000-min postinfusion. 


RESULTS AND DISCUSSION 


Protein Binding-The results of these studies in dog plasma are given 
in Table 11. There was no significant concentration or pH effect on the 
36 f 1% ( S E M )  morphine binding to plasma protein. No significant 
differences were observed among the samples centrifuged a t  different 
times after the spiking of dog plasma, so equilibration at least within 3 
min, the earliest time studied, must be concluded. No significant protein 
binding (<2%) in dog plasma of morphine-3-monoglucuronide (100 


21 Tygon. Scientific Products, Chamhlee, GA 30341. 
r2 Travenol Laboratories, Deerfield, IL 60015. 
23 Becton Dickinson and Co., Rutherford, N.J. 
2' Model 600-950, Harvard Apparatus, Dover, Mass. 


ng/ml) was observed a t  pH 7.1 and 7.4. 
The protein binding of 32.8% at 2.5 wglrnl (Table I) is consistent with 


the estimates of 30% (26) for dog plasma studied in the ranges of 2.5-15 
pg of morphine/ml and is not too different from the 35.7 f 0.9% given for 
normal human plasma (27). 


Red Blood Cell-Plasma Water  Partition Coefficient-This coef- 
ficient, D, the ratio of the drug concentration in the red blood cells, 
[ARBc], to that in the plasma water, [A:]. can be calculated (28) from the 
experimentally determined concentration, [ A p ] ,  of drug in the plasma 
when the concentration in whole blood, [ A B ] ,  the  fraction bound to 
plasma protein, f ,  and the hematocrit, H, are known: 


There was no apparent time or concentration dependence for the red 
blood cell-plasma water partition coefficient of morphine (1.11 f 0.04 
SD) or its glucuronide metabolite (0.66 * 0.05) (Table 111). 


The following cited equations, labeled with the prefix A, are derived 
and given in Appendix I. The symbols used are defined in Appendix II. 
The experimental disposition of various morphine doses, the clearances, 
and the best fit pharmacokinetic parameters are given in Table I, and 
the fitting is demonstrated in Figs. 2-4. 


Morphine Pharmacokinetics at High Doses-Plasma morphine 
levels, [MI, with time in the bile-cannulated dog, C, where the bile was 
completely collected, were best fitted by the two-compartment body 
model (Fig. 2a and Table I). There was no significant terminal plateau 
in [MG],,, or [MG],l, values that  could be assigned to the return of the 
conjugate or its precursor, M ,  from a deep compartment. Significant urine 
flow was not observed until after 53 rnin of drug administration at this 
7.7-mg/kg dose when 1.5 ml was obtained. 


Significant morphine, ZUM, and conjugate, ZUMG, in the urine were 
first observed in the interval of 53-80 min. The calculated amounts (Eqs. 
A6 and A8) of ZUM and ZUMC renally excreted (solid lines in Fig. 2a) 
were consistent only with the experimental data, the obtained renal 
clearances (Fig. 5) and areas, AUCM, under the morphine and conjugate 


Table 111-Dog Red Blood Cell-Plasma Water Partition 
Coefficients (0)" of Morphine and Its Glucuronide Metabolite 


Morphine- 3- 
monoglu- 
curonide,  


Morphine, ng/ml ng/ml 
T ime  of 


Measurement 1 10 100 1000 50 500 


30 sec 1.03 1.13 1.13 1.14 0.71 0.63 
30 m i n  1.10 1.10 1.12 1.11 0.60 0.70 


Average i SD 1.11 i 0.35 0.66 i 0.53 
aThe values used in E 3 for these calculations were H = 0.35 andf=  


0.32 for morphine and?= 0 for the glucuronide. 
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lines through the data points are the theoretical values calculated from ZUM = Clz, AUCM and ZUMMC, = CI~EAUCMG. The renal clearances, 
Clzn and Cl::. were consistent with the values obtained from the slopes of the renal clearance plots of AU/At versus plasma level (Fig. 5). 


The calculated values of ZB#G = CIEet AUCM - Z U a e  - VMG [MG],,,for the bile-cannulated dog (Fig. 3d) are represmted by thp solid line 
through the experimental values of ZBGE (0). The CImet and VMG values were obtained from appropriate data plots in accordance with Eqs. A l l  
and A12 (Fig. 7). 


Estimates of cumulative conjugate in  the bile, ZBMG (O), of the normal (not bile cannulated) dog (Fig. 3e) were based on the CI,,, and V M ~  
values obtained from appropriate data  plots in accordance with Eqs. A16 and A1 7 (Figs. 8 and 9). The solid line through these data (0 )  was based 
on the assumed constant biliary clearance obtained from these plots and  was calculated from ZB$L = CIBAUCM. The difference between this 
total amount of conjugate excreted in the bile, ZB$b. and the amount presumed to remain there, ZB#G, estimates the amount of conjugate en- 
terohepatically recirculated to the systemic circulation (+), ZMG,, = ZBgb - BBhG. 


Terminal values of [M],, (0) and [MGle3, (0) tend to have,hrger errors since the liquid scintillation counts approach background. The respective 
solid symbols are the plasma levels of [MIcolc (@) and [MG],,I, (8) calculated from the estimated renal clearances and the observed ZU’fland 
ZUeh;e values, respectively (Eq. A27). 


plasma level-time curves when renal processes were not considered op- 
erative until a time, to, of 65 min after drug administration. 


The only major discrepancy in the fitting of the data for the bile-can- 
nulated dog in Fig. 2a was that the calculated ZB’#&(Eq. A14) and 
[MG],.I, (Eq. A13) values based on the 4200-ml value of Vn~c underes- 
timated the experimental values of ZBe& and [MG]erp, respectively, for 
the first 45 min, even when ZUMG was taken as zero for this time. The 
assumption of an average V ~ J G  of 2500 ml for this interval improved the 
fit (dashed lines before 45 min in Fig. 20) with the experimental data. 
This finding strongly indicates that the apparent conjugate distribution 
volume may have increased during this interval, which is not consistent 
with the assumption of a one-compartment body model for [MC]  im- 
mediately after its production. A period of time may be necessary for the 
conjugate to equilibrate in its apparent overall distribution volume. 


Biliary conjugate secretion also was inhibited at the high morphine 
doses. The use of a time lag of 16 min and the determined variable biliary 
clearance, C ~ B  (Fig. 61, which depended on the bile flow, gave the fit to 
the Z B H  data demonstrated by the dashed line before 45 rnin in ac- 
cordance with ZBRk = Z C ~ B ( A U C ~  - AUC2-ISmi”) as described in Eq. 
A3. 


The fact that  no radioactivity was observed in the collected feces of 
this bile-collected dog shows that the fecal source of drug must be as- 
signed to the biliary excretion. 


Studies (Fig. 26) of both the same Dog C at a similar dose, 7.2 mg/kg, 
and Dog E at 7.6 mg/kg (Fig. 2c) without biliary cannulation showed 
similar pharmacokinetic patterns, except for terminal elevations of 
plasma metabolite levels and pronounced drug and metabolite in the feces 
(Table I). Direct plasma conjugate measurements were consistent, 
[MC]erp, with (MC]& values calculated by Eq. A27 from the presumed 
renal clearance, C1 of the conjugate and the cumulative amount, 
XUe&, excreted in the urine. 


This elevation in plasma and concomitant urine conjugate in the 
non- bile-cannulated dog can be assigned to material returned to the 
system by enterohepatic recirculation of the bile contents. 


The cumulative amounts of enterohepatically recirculated drug in 
normal Dogs C and E, ZMGent, are plotted in Figs. 26 and 2c as based 
on Eqs. A21-A23. The premise for the calculation is that  the intrave- 
nously administered morphine was almost completely cleared by 100 min, 
as indicated by the data for bile-cannulated Dog C (Fig. 2a). 


The data for the normal dogs in Figs. 26 and 2c were fitted in two 
manners. In one, the same biliary excretion, Z B E ,  was postulated as 
when the dog was biliary cannulated and the total bile was collected (Fig. 
2a). The estimated VMG and Cl,,, values for the normal dogs a t  this dose 
(Eqs. A l l  and A12) were 4.2 liters and 232 ml/min, respectively, for Dog 
C and 3.96 liters and 215 ml/min, respectively, for Dog E (Fig. 7). The 
solid lines (ZB$c) in Figs. 26 and 2c through the Z B e s  data obtained 
from the bile-cannulated Dog C a t  the same dose were calculated from 
Eq. A22 with these parameters and f i t  well except a t  the early times. The 
solid lines for [MGIcalc through the [MG]..,, data were calculated from 
Eq. A13 with these parameters and were reasonable for all times up to 
when enterohepatic return from the bile was postulated, as indicated by 
the plotting of terminal dashed lines. A better f i t  of the initial [MG]erp 
data up to 45 min in Fig. 2b is given by the dashed lines when it was 
postulated that no drug was eliminated in the bile until -50 min. 


The alternative manner of fitting was to postulate a constant biliary 
clearance which only commenced a specified time after drug adminis- 
tration. This premise does not demand a specific knowledge of the 
amount of conjugate in the bile (Eqs. A16 and A17). The obtained re- 
spective values of VMG and Cl,,, were 5.05 liters and 292 ml/min for Dog 
C (Fi s. 8 and 9) and 4.23 liters and 234 mVmin for Dog E. The calculated 
ZB$ G values (Eq. A22) based on these parameters are given in Figs. 2b 
and 2c. The solid lines through these data (ZE!&) assumed a constant 


biliary clearance, C l B  (Eq. A3), and no enterohepatic conjugate recircu- 
lation in the bile. Obviously, when these values diverged from the ZB’& 
values, the difference could be attributed to those amounts returned from 
the bile to the systemic circulation, i.e., ZMC,,,. 


Morphine Pharmacokinetics at Intermediate Doses-The plasma 
morphine levels, [MI, with time in the bile-cannulated Dog C at the 
0.406-mghcg dose were consistent with those observed with the high dose 
and were best fitted by the two-compartment body model (Fig. 3d and 
Table I). Again, no significant drug appeared in the,feces, and there was 
no significant terminal plateau in [MG], , ,  or (MG],,, ,  values that could 
be assigned to the return of the conjugate or its precursor, M ,  from a deep 
compartment in the bile-cannulated dog. The non-bile-cannulated dog 
a t  the same dose (Fig. 3e) showed terminal plasma metabolite elevations 
and pronounced drug and metabolite in the feces (Table I). 


Although the urine flow was negligible up to 75 min after morphine 
administration in both the bile-cannulated and normal dogs a t  this dose, 
the calculated amounts (Eqs. A6 and A8) of ZUM and ZUMG renally 
excreted after that  time were consistent with the experimental data, the 
obtained renal clearances (Fig. 5) and the total areas (i.e., uncorrected 
for a time lag in commencement of renal processes) under the morphine 
and conjugate plasma level-time curves. Thus, in contrast with the higher 
dose, complete renal shutdown by the drug does not have to be postu- 
lated. The delay in renal morphine and conjugate excretion can be at- 
tributed solely to the lack of urine flow necessary to eliminate the mor- 
phine and metabolite trapped in the tubules. 


The solid line, Z B ’ g ,  in Fig. 3d through the experimentally obtained 
cumulative conjugate excreted in the bile, ZB*& (dashed line), obtained 
from the bile-cannulated dog was calculated from Eq. A22 where the 
pertinent Cl,,, and V ~ J G  values were obtained by application of Eqs. A1 1 
and A12 (Figs. 8 and 9). The solid line, ZSg?;, in Fig. 3e through the 
calculated (Eq. A221 cumulative conjugate in the biliary system of the 
noncannulated dog, ZB’&, was estimated on the premises of a constant 
biliary clearance, Cle, of immediately formed metabolite and nonen- 
terohepatic return to the system. The pertinent Clmet, ClB. and VMG 
values were obtained by application of Eqs. A16-A20; the values of the 
pharmacokinetic arameters are given in Table I. The difference between 
ZB& and ZS$ (Eq. A23) estimates the cumulative amounts of drug 
returned to the systemic circulation, ZMCent. 


Morphine Pharmacokinetics at Low Doses-The pharmacokinetics 
at these doses in normal animals (Figs. 4f-4h) were similar to those for 
the normal animal at the intermediate dose, except that  urine flow was 
not highly inhibited and no tubular entrapment of morphine and/or its 
metabolite had to be postulated. There was only one minor anomaly in 
the fitting of these data. Although the calculated (Eq. A8) and experi- 
mentally determined amounts of conjugate in the urine, ZUMG, were 
reasonally consistent until 500-700 min, less was excreted than antici- 
pated with the presumption of the constant renal clearance, which con- 
formed to the greatest extent of the clearance plots (Fig. 5). This finding 
could indicate a lessened renal clearance of ZUMG when the values of, 
[ M G ]  were less than 1.0-2.0 ng/ml of plasma. Alternatively, this result 
could be an artifact of studies at high morphine specific activities. The 
terminal values of unextracted radioactivity considered as (MG],:, after 
-600 min could contain a higher quantity of radiolabeled impurities or 
other long-lived undefinable, unextractahle morphine metaholites in 
plasma and could give an anomalous terminal radioactivity elevation that 
would overestimate the urine metabolite accumulation for a presumed 
constant clearance. 


Renal Clearances and Eliminations of Morphine and  Its Me- 
tabolite-The morphine and metabolite clearances showed remarkable 
constancies as long as the renal function was operative and there was 
adequate urine flow (Fig. 5). There were no significant dose effects on 
these clearances (Table I), which averaged to significantly different values 


Journal of Pharmaceutical Sciences 1 761 
Vol. 68, No. 6, June 1979 







w 


.) 10' 


I 


e 10' 


I 
0 


I .I 
: n  t 


! 


Figure 4-Plots of experimental values of morphine, [MIolp (O), and 
the morphine conjugate, lMGleXp (m), in nanograms per milliliter o f  
plasma as morphine equivalents against time at low morphine base 
doses, 0.07and 4 . 0 1 9  mglkg iu. The solid line through the experimental 
[MI values was cafculated f rom the polyexponential f i t ,  [MI = Ae-O' + 
Be-@'. (See Table I for parameters.) The  solid line through the experi- 
mental [MClplp values was calculated on the assumption of a constant 
metabolic morphine clearance, CIztt, so that [MG] = (C lme tAUC~ - 
SBMC - ?;U~&/VMG. The  [MG] values were calculated for the normal 
dog f rom estimates of cImef = cltot - c l r ,  where C1,,, = dose/AUCM, 


and SBMG = CIBAUCM, where CI,,, - CIB and VMC values were esti- 
mated from plots in accordance with Egs. A16 and A17 (Figs. 8 and 
9). 


T h e  experimental values of cumulatioe morphine, ZUgP(A) ,  and 
its conjugate, 2UMe (v), in urine are also plotted against time. The  
solid lines throu h the data points are the theoretical values calculated 


ances, Clyn and C l z t ,  were consistent uiith the values obtained f rom 
the slopes of the renal clearance plots of AU/& versus plasma level (Fig. 
5 1 


Estimates of cumulative conjugate in the bile, SBLc = CI/,,AUCM 
- SUpMIe - VMG [ M G ] p x p ,  ulere bawd on the CI,,, and VMC; values ob- 
tained from appropriate data plots in accordance with Eys. A16 and 
A17 (Figs. 8 and 9) The solid line through these data (0 )  was based on 
the  assumed biliary clearance obtained from these plots and t m s  cal- 
culated from ZBGl,; = CIHAUCM. The  difference between this total 
amount o f  conjugate excreted i n  the bile, SB%C, and the amount pre- 
sumed to remain there, ZBMC, estimates the amount of conjugate en- 
terohepatically recirculated to  the  systemic circulation (+), SMG,,, 


Terminal values o f  [ M ] p x p  (0) and [MC],xp (0) tend t o  have larger 
errors since the  liquid scintillation counts approach background. The  
respective solidsymbols are the plasma leoels of [MI;,,, (0) and [MG];,,, 
(.1 calculated f rom the  estimated renal clearances and the obserued 
SUpMIPand SUM6 values. respecti idv (E9. A27). 


from ~ U M  = CI,,,AUCM f4 and ?;UMC = CI~:ACJCM(;. The  renal clear- 


- VBtOf - Y MC.- SBA(;. 


for Cl& of 85 f 9 and 41 f 4 ( S E M )  ml/min, respectively, in contrast to 
the respective values of 66 and 80 ml/min cited previously for the dog ( 3 ) .  
The morphine clearance with respect to drug unbound to plasma pro- 
teins (67%) was 127 f 13 ( S E M )  ml/min; the morphine glucuronide 
showed negligible protein binding. 


These differences in renal clearances imply different processes for the 
drug and its conjugate. Since the calculated renal clearance for inulin 
(glomerular filtration) for a 12-kg dog is 51 f 12 ml/min (29), the glucu- 
ronide probably was eliminated solely by glomerular filtration and the 
intravenously administered morphine probably was eliminated by both 
filtration and tuhular secretion. 


N o  pronounced differences in t'ractions of the intravenous dose ex- 
creted in the urine were observed among doses (Table I): 12 f 3 ( S D )  % 
as unchanged morphine and 71 f 10 ( S D )  % as morphine conjugate. 


In the three noncannulated dogs (C, 109 mg; E, 107 mg; and D, 0.471 
mg) where feces were collected, 9 ,S ,  and 14% of the total radioactivity 
were found in the feces, respectively, with 47,43, and 5%of the excreted 
amounts extractable as morphine, respectively. These values contrast 
with those previously reported (9),  where negligible conjugate was ob- 
served in the feces of dogs. Unfortunately, the possibility of fecal conju- 
gate hydrolysis or fecal morphine degradation does not provide incon- 
trovertible proof of high degrees of GI hydrolysis of biliary secreted 
conjugate, the major drug form in bile. Less than 0.5% of the total drug 
excreted into bile was as free morphine in the two studies with the bile- 
cannulated dog. 


The fraction of the administered radioactivity that appeared in the 
saliva drippings collected from Dog D a t  the 5.7-mg dose was an extremely 
low 0.087%. 


"Deep" Compartment for Morphine-The plasma morphine levels 
with time generally could he fit to a sum of two exponentials. However, 
the data in the normal dog showed a terminal positive deviation in [MIcxp 
from this fitting in some instances (Figs. 26, 4g, and 4h ), indicating the 
presence of a slower elimination process. The radioactive counts of ex- 
tracted morphine were too close to background levels to make a definite 
conclusion. Conclusive demonstration of such a slower elimination pro- 
cess was clearly manifested in urinary morphine elimination, S U e 3 .  The 
semilogarithmic plots of amounts yet to he excreted against time (Figs. 
10 and 11)  showed a terminal phase, y (Table I). whose half-lives averaged 
994 f 16 ( S E M )  min for all studies in the normal dog, with no apparent 
dose dependency. The fact that no such terminal phase was observable 
with the urinary data (Fig. 10) from the cannulated dog where total bile 
was collected is strong evidence that this slow morphine elimination is 
due to the recycling of amounts secreted into the bile. Since negligible 
free morphine is bile secreted, the conjugate must be gastrointestinally 
hydrolyzed, either in the lumen or gut wall, before reahsorption into the 
systemic circulation. 


When 3.7 mg of morphine was infused at  a constant rate of 10.7 pg/min 
into a dog, reasonable steady-state values of plasma morphine were 
achieved by 60 min and maintained during the 350 min of infusion a t  an 
average of 57 f 4 ( S E M )  ng/ml. At cessation of infusion, there was a 
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Figure 5-Renal ckarance plots for morphine, M (left), and its conjugate, MG (right), when morphine was adrninictered Rates of drug amounts 
excreted versus plasma levels were obtained at the midtimes of the urine-collection interoals The lower right clearance plot is for morphine-3- 
glucuronide administration 


precipitous drop until plasma levels of both morphine 10.45 f 0.03 ( S E M )  
ng/ml of plasma, n = 71 and glucuronide 134.1 f 0.9 ( S E M )  ng/ml of 
plasma] remained invariant over the studied period from 250 to 850 min 
after the cessation of the infusion. The plasma morphine levels monitored 
by liquid scintillation counting were four times the background radiation 
level. This evidence is considered valid for the slow enterohepatic return 
of both morphine and its conjugate from bile to show an apparent deep 
compartment in the dog. The total percent of the dose excreted in the 
urine was 85.8%. 68.5% as the conjugate and 17.3% as unchanged mor- 
phine. 


The terminal elevation in plasma and urine morphine glucuronide 
levels in normal dogs (Figs. 2-4) was in decided contrast to the studies 


in the bile-cannulated dog and is proper evidence for enterohepatic re- 
circulation. The lack of morphine and the conjugate in the feces of the 
cannulated dog, but not in the normal, confirms this hypothesis and 
agrees with the observations of Woods (8). The conjugate, even when 
significantly hydrolyzed in the lumen or gut wall, must be largely 
reconjugated in the liver prior to its return to the systemic circulation 
for this hypothesis to be true. The return of small amounts of morphine 
could be responsible for the frequent observation of a slow terminal 
morphine loss in the plasma. I t  is estimated (Table I )  that 27 f 0.05 
(SEMI % of the dose is enterohepatically recirculated a t  doses less than 
0.5 mg/kg. It is possible that the 15% observed in the two studies a t  7-8 
mg/kg may signify a dose dependency. 
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Figure 6-Demonstration of the linear dependence of the apparent 
hiliary clearance, CI”, of immediately formed metabolite, MG, on the 
ratr of bile flow for the bile-cannulated Dog C at  the 109.2-mg dose (7.68 
rnglkg).  Clr, (mllmin) = 671 X bile flow (mllmin) - 45.6. The oalues are 
labdrd with the measured times in minutes. 


Dose Effects in Morphine Pharmacokinetics-The anticipated 
“feedback” effects of morphine’s pharmacology (20,21) on i t s  pharma- 
cokinetics in the dog were observed. The 7.2-7.7-mgkg doses of morphine 
caused an instantaneous cessation of renal processes (Figs. 2a-2c) that 
did not resume until 60-105 min after intravenous administration when 
the plasma morphine level reached 1000 ng/ml. A t  these doses, the dogs 
were completely unconscious for at least 3 hr after administration and 
lay supine upon the table. 


The same doses inhibited biliary secretion for 10-35 min after intra- 
venous administration and demonstrated uneven bile flows and con- 
comitant uneven biliary clearances thereafter (Fig. 6), which readily 
confirmed the statements (20) that the drug causes biliary tract spasms 
and constrictions that can impede hiliary excretion. The  estimated av- 
erage biliary clearances, CIB (Eqs. A16-A20), of formed metabolite were 
52 and 87 ml/min a t  these high doses in the normal dog and 213 f 36 
( S E M )  ml/min (range of 176-285) a t  the lowest doses of 0.019-0.07 
mg/kg. 


Morphine at the intermediate doses of 0.4-0.5 mg/kg (Figs. 3d and 3e) 
did not shut down the renal processes but did have a pronounced effect 
on urine flow. The time courses of the drug and its metabolite could best 
he fit on the premise of maintained viable renal processes with delayed 
elimination into the urine. The time courses a t  the lowest doses studied 
eould be fit (Figs. 4f and 4g) without the postulations of such drug-in- 
duced discontinuities in pharmacokinetic processes. 


Total morphine clearance is clearly dose related (Tahle I). A t  the 
highest doses of 7.2-7.7 mgkg, Cl,,, averaged 340 f 43 (SD)  for the range 
o f  ‘290-370 ml/min in contrast to the average of 701 f 138 ( S D )  for the 
range of 554-886 ml/min at doses helow 0.5 mgkg. Since renal clearances 
are relatively invariant with dose, this finding implies that  the hepatic 
metabolism of morphine is dose dependent. The estimated average f SD 
(SEMI  (range) values for Cl,,, were 261 f 41 (17) (215-322) ml/min a t  
the high dose and 609 f 114 (51) (492-771) a t  the other doses. The frac- 
tion of formed metabolite partitioned into the bile, Cl,&l,,t, cannot be 
concluded to be dose dependent, however. About 25% was partitioned 
into the bile in two high-dose and two low-dose cases. 


The hepatic blood flow in the 14-kg dog is in the range of 420-630 
ml/min (30) and is the same as the range of metabolic clearances a t  the 
low doses. This finding could imply that the high dose of 7 mg/kg de- 
creases blood flow to the liver and/or that the metabolizing enzymes are 
saturable. However, the fact that negligible plasma morphine levels occur 
in the dog orally administered 30 mgkg (9) is indicative of the complete 
metabolism of orally administered drug by i t s  first pass in the liver even 
at these enormous doses. 


The dose dependencies of total and metabolic clearances are clearly 
reflected in the apparent rate constants and half-lives for the elimination 
of the major morphine fraction in the @-phase of the two-compartment 
body model (Table I) .  Excellent agreement was obtained with the urinary 
data for this phase when semilogarithmic plots of amounts yet to be ex- 


creted (after correction for the slow terminal phase) and rates of urinary 
elimination were made against time (Figs. 10and 11). The half-lives for 
the high dose (7-8 mg/kg) were 83 f 6 ( S D )  min from plasma and 82 f 
8 ( S D )  min from urine. They were 39 f 6 ( S D )  min from plasma and 37 
f 13 ( S D )  min from urine for the lowest doses. 


There were no significant differences among the apparent morphine 
distribution volumes. The estimated central compartment volume is 15.3 
f 2.8 ( S E M )  liters, and the overall volume is 44 f 6 ( S E M )  liters. 


Pharmacokinetics of Morphine-3-monoglucuronide and Its 
Significance in Morphine Pharmacokinetics-The intravenous ad- 
ministration of 14C-m~rphine-3-monoglucuronide to the 11-kg Dog A 
(71.2 pg, 6.5 pgkg,  specific activityof 273 dpm/ng) clearly demonstrated 
a two-compartment body model (Fig. 12), where the plasma level could 
be defined for time, t ,  in minutes as: 


[ M C ] ,  ng/ml = 33.3e-0z4s1 t 26.4e-1-46x10-2f (Eq. 4) 


and the respective half-lives of the a- and @-phases were 2.8 and 47.6 min, 
respectively. The semilogarithmic plots of amounts yet to be excreted 
and amounts per unit of time against time showed respective rate con- 
stants of 56 and 51 min, in agreement with the terminal ph:se. The re- 
covery of the total radioactivity in the urine was complete; the actual 
calculation was 116%. No free morphine was extractable either from the 
plasma or urine. The total clearance from the ratio of dose and the area 
under the curve was 37.1 ml/min, and the renal clearance from the clas- 
sical plot (Fig. 5) was consistent a t  42 ml/min. The conclusion is that renal 
excretion is the sole route of systemic glucuronide elimination. The ap- 
parent overall glucuronide distribution volume from the ratio of the total 
clearance and the terminal rate constant was 2541 ml, whereas the value 
from the quotient of the dose and the intercept of the extrapolated 
&phase was 2696 ml. 


The fact that there was not the prolonged terminal phase in the plasma 
or urine for the administered glucuronide that appeared when morphine 
was injected (Figs. 2 4 )  demonstrates that i ts  appearance is a consequence 
of a process unique to morphine metabolism. The hepatically conjugated 
morphine is partitioned into bile in the liver, whereas the systemic con- 
jugate is not. This hepatically formed conjugate is gut hydrolyzed to he 
slowly reabsorbed as morphine, whereas the systemic conjugate is not. 
The time lag in the enterohepatic recirculation with concomitant gall- 
bladder storage (3) postpones the return of biliary secreted drug and 
metabolite to maintain persistent levels in plasma and urine. 


The calculated 2500 ml of apparent overall distribution volume in in- 
travenous glucuronide administration, Vwc, is consistent with the vol- 
umes calculated for morphine doses below 0.5 mgkg from Eqs. A l l ,  A12, 
A16, and A17 and validate the premises upon which they were based. The 
significantly greater calculated volumes of 4200-5050 ml for glucuronide 
a t  7.2-7.7 mg of morphine/kg must be related to the demonstrated ex- 
treme pharmacological effects a t  this dose. 


APPENDIX I: METHODS AND PROCEDURES FOR 
PHARMACOKINETIC ANALYSES 


Renal Clearances and Time Durations of Drug  Inhibitions of 
Such Processes-When the drug concentration time course in the 
plasma, such as morphine [MI, can be monitored, the cumulative drug 
excreted unchanged into the urine (SLIM) and bile ( S B w )  and metaho- 
lized into a metabolite such as morphine glucuronide ( Z M G )  a t  a time 
t can be estimated from the respective clearances Cl:,, C l f ,  and CIEe,, 
provided that these clearances are not plasma level dependent. Thus, the 
cumulative amounts excreted a t  time t would he: 


where AUCM is the needed area under the morphine plasma level-time 
curve from t o  to t ,  where t o  is the time of onset of the specific clearance 
process. These equations are a consequence of first-order differential 
equations such as: 


d(MG)/dt = k w , ~ c V i M ]  = Clmet[MJ (Eq. A4) 
which, on integration, gives: 


= Cl{et AUCL?‘O (Eq. A5) 
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Figure 7-Data for dogs administered morphine in accordance with the  premise that the  amounts of cumulative conjugate excreted in  the  bile, 
YPBea, were monitored (Eqs. A l l  and AIL?). T h e  ZBMG values used in the  normal dogs were taken from the  studies on the  bile-cannulated Dog 
C a t  the high dose. T h e  values are labeled with the times at which the AUCM and [MG],,, values were taken. The  ZU%g and ZBqR values were 
estimated for these same times from interpolations in  the  respective plots of their values against time. T h e  experimental values at the earlier times 
in these plots are expected to be aberrant because inadequate urine flow at the high systemic drug levels did not permit proper estimates of ZUMC, 
values. Deviations o f  experimental values at the later times in  the non-bile-cannulated dogs were due to the perturbations effected by enterohepatic 
recirculation that gave estimates of ZUGe and [MGleXp in excess o f  those anticipated by the  premises underlying the  equation used, which did 
not take such delayed return to  the system into account. 
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The clearances can be estimated from the slopes of AUM/At 
(-dl/M/dt) versus and AUM(;/af (-dUMc/dt) versus [kfGItm,,, 
in accordance with relations such as Eq. A7 where the plasma concen- 
trations are taken a t  the midtime of the monitored excretory interval, 
At.  Such anticipated linear plots were obtained (Fig. 5 )  and permitted 
the estimation of plasma level-independent renal clearances (Table I). 


Thus, the values of ZUM and ZUwc could be generated from Eqs. A6 
and A8. The appropriate choice of a time, to, fo r  the renal process com- 
mencement should permit the generated values to agree with the ex- 
perimental (Figs. 2-4). 


I t  is possible that an amount of morphine in bile, ZRM,  could be gen- 
erated by a similar equation with a time of commencement of such a 
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F i g u r e  10-Estimation of first-order rate constants, k,, of urinary elimination from semilogarithmic plots of unchanged morphine not yet excreted, 
X t J G  - XUM (0. O),  and rates of elimination, AUM/At (A), against time in  the bile-cannulated dog and at high doses in  the normal dog. The former 
were plotted owr  the entire time interval (0)  and then plotted according t o  the method of residuals (0). The  time delay in elimination can be 
clearly noted. 


process a t  time t o  (Eq. A9). However, the total amount of unchanged 
morphine that  was experimentally determined in the bile was less than 
0.005 of the dose in the two hile cannulation studies and was considered 
negligi hle. 


Evalua t ion  of Metabol ic  C l e a r a n c e s  of Morphine  i n  Bile-Can- 
nula ted  Animal-The challenging of the validity of Eq. A2 for metab- 
olite formation is not as  simple. T h e  metabolic clearance, Cl&.,, is not 
readily obtained since the total metabolite produced, Z M C ,  a t  a given 
time has to be constructed from the sums of amounts of the  metabolite 
in the body, hile, and urine, respectively: 


Sh!C = V M ( ; [ M G ] , ~ ~  + SBe& + SIJefl' (Eq. A91 


where VM,; is the apparent  metabolite distribution volume on the pos- 
tulation of' instantaneous equilibration in the body fluids on  its forma- 
tion. 


In the  intact animal, SHM(; a t  a given time and  VM(; are  not readily 
obtainable. The  Eli?&; value can be estimated from studies on a bile- 
cannulated dog. Substitution of Eq. A9 into Eq. A2 on the presumption 
of a constant metabolic clearance starting a t  time t o  = 0 gives: 


which can be rearranged to: 


or: 


Thus ,  plots of t h e  experimentally available ( S U M ( ;  + ZBwc;)/[MG] or  
(SUM(; + ZUMG)/AUCM against AUCM/[hfG] o r J h f G ] / t t U C ~ ,  re- 
spectively, can permit the estimation of v ~ ( ;  and Cl,,, values (Table I)  
from the  slope and  intercept of such plots (Fig. 7). T h e  validity of these 
values can be ascertained by generating [MG]catc from a modification of 
Eq. A l l  or A12: 


Z M G  - Em%- xu% 
I M G J c a I c  = 


VMC 


- CIKe,,~UCM - xue%. - xue% (Eq. A13) 


a n d  the resultant calculated values of plasma metabolite concentration 
can be compared to those obtained experimentally, [h!CleXp (Figs. 
2-4). 


V M G  
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Alternatively, the experimental values of metabolite concentration 
can be used to estimate the amounts of the metabolite, Z'Ed& bile ex- 
creted from these estimates of Clzet and VMC (Eqs. A l l  and A12) 
since: 


Thus, the coincidences of Z'E'#% with Z E E  values and [MGlcslc with 
(MG],,,  can confirm or deny the validity of these postulates. 


Evaluation of Metabolic Morphine Clearances in the Non-Bile- 
Cannulated Animal-If the amount of conjugate excreted in the bile 
is not specifically known, a constant biliary clearance, CIB, of hepatically 
formed conjugate can be postulated and Eq. A10 can be modified to: 


(Eq. A15) 


where C~BAUCMIZMC = CIB/CI,,, is the fraction of conjugate formed 
in the liver that is partitioned immediately into the bile. If the biliary 
process is drug affected, a more accurate definition of the second term 


VMC; [MClexp t C~BAUCM + XUe& = C l m , , A U C ~  


would be CI*(AUCh - AUC3). where AUC2 is the area under the 
plasma morphine level curve up to the time, to,  of initiation of the biliary 
processes. 


Thus, Eq. 15A can be rearranged to: 


(Eq. A16) 


or: 


(Eq. A17) 


where the last term of both Eqs. A16 and A17 vanishes if there is 110 time 
lag in the initiation of the biliary process. 


In the absence of such a time lag and the maintenance o fa  constant 
biliary partitioning of formed metabolite, VMC and I = Cl,,, - C1u can 
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100 Estimation of Low Values of Morphine and  I ts  Metabolite in 
Plasma-The estimates of the experimentally determined terminal 
plasma values of morphine, [MIexp, and its conjugate, [MG],,,, tend to 
have large errors since their estimates by liquid scintillation countjng 
approach background. Alternative estimates are [M],,lC and [MG],,,,, 
which can be determined from the estimated renal clearances, CIEn and 
C l E t ,  and the experimentally determined values of cumulative urinary 
excretions, S U e g  and S U N .  


The area under the plasma level-time curve a t  time t ( ! + l )  can be esti- 
mated from the quotient of the cumulative drug in the urine a t  that time 
and the renal clearance: 


V- 


MOrphtn* Glucuronkd. 


phormocokinetics 


AUC,,,,,, = ( ~ U ) ~ , , , , , / C l , ~ n  = AUC,, + AAUC (Eq. A24) 


This area is the sum of a known area, AUCf,,  where the plasma concen- 
tration is C,,  a t  time t ,  and an increase in area, AAUC, which can be de- 


' 0  fined as: 
5 I0 I5 


AAUC = AUCt(T,l)- AUCr,= 


( t , ,+ i )  - t t )  (Eq. A25) - - cr, + Crc8+l) 
2 E 


'I 
LA 
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Figure 12-Experimental oalues of morphine-3-monoglucuronlde, 
[MClplp (O), i n  nanograms per milliliter of plasma against time at an 
intrauenous dose of 71.2 fig (6.5 gg/kgf to Dog A. The solid line through 
thc experimental values was calculated /rom the polyexponential /it  
O /  Ey. 4.  The solid line through thc experimental Lialues o/cumulatioe 
conju 'ate in the urine, SUG& are the theoretical oalues calculated /rom 


MINUTES 


I \',,AC M c  - - CI~$AUCM(; /or a renal clearance O/-IO milrnin. 


Thus, the plasma drug concentration a t  time t ( r + l )  can he estimated 
from: 


so that, on consideration o f  Ea. A24: 


(Eq. A26) 


where C,,,, can be [M];,lc or [MG]& plasma values a t  t,+ 1. It is necessary 
to have one initial experimental set of values of Ct , and AUCf I a t  time 
t 1 to substitute into Eq. A27 for the first calculation of a plasma con- 
centration of C , ,  a t  t:! from ( X U ) , ,  and ta. Subsequent calculations of 
Cr 3, C,,, . . . , Ct , ,+ , )  can then he made in accordance with Eq. A27 since 
prior Cf2, C,,, . . . , C,, and AUC,, values were available. The new AIM?,, 
can he estimated hv adding the calculated AAUC obtained from Eq. A25 
to the prior estimaied AWE at a previous time, AUC(,,-,). Plasma ialues 
Ot,ta;ned in this manner tended to 


1 -  0 


he obtained from the slopes and intercepts of appropriate data plots in 
accordance with Eqs. A16 (Fig. 8) and A17 (Fig. 9), where AUC$ = 0. I f  


llnless averaged, Thus: 


t(r+l) + t ,  for ti = 7 (Eq. A28) the total clearance of morphine can he estimated from: ~ - Cf,,,,) + Ct, 


Cl,,,, = doselAlJCw 


then: 


(Eq. A18) 


c",,,, = c11,,, - c1,Zri (Eq. A19) 


and: 


CIH = Clme, - I = Cl,,, - (Clme1 - C I H )  (Eq. A2O) 


The premises for the ahsolute validity of these relations of Eqs. 
AlgA20 demand constant metaholic, hiliary. and renal clearances of the 
drug and metaholite and no time lags in their initiation. 


The levels of the conjugate IM(:](.A~T i n  the normal dog also can he es- 
timated from Eq. A13. However, the cumulative amount of formed me- 
tabolite totally secreted in the bile must he calculated from: 


- \ .~ l" '  = ('l~Al!C',~ (Eq. A21) 


The lMG]calc and [MGleXl, values will diverge if  and when there is sig- 
nificant enterohepatic recirculation of the conjugate secreted into the 
hile. 


Evaluation of Extent of Enterohepatic Recirculation of Mor- 
phine Metabolite (MG)-The hiliary partition ot' the hepatically 
formed conjugate can he calculated in the normal animal from the de- 
termined Cl,< value by Kq.  A21. which gives the amount secreted into the 
bile. 
On the postulation of' stoichiometry being preserved, the actual 


amount of  conjugate in the hiliary system would be: 


L 


rtc . ,  can provide monotonically decreasing values of [M];,,lC and [M(;]ialc 
with time with minimum scatter about a smooth curve drawn through 
the points. 


APPENDIX 11: GLOSSARY O F  SYMBOLS 


Concentrations of morphine, M ,  and morphine conjugate, M G ,  are 
given as nanograms of equivalent morphine hase in plasma, whereas 
amounts i n  urine or  hile are given as nanograms of equivalent morphine 
hase. 


(i21],,,-experimentaI morphine concentration per milliliter of 
plasma. 


(MJ,,I,-morphine concentration per milliliter of plasma calculated from 
experimental values of SCJM,( ,+~,  a t  a time, t( ,+ll ,  from a known renal 
clearance, Cll , ,  and the known AZJ'CM and [MI values of previous time, 
I ,  (Eq. A27). 


[MI-morphine concentration per milliliter of  plasma calculated at a 
time, t ,  from a hest-fitted linear sum of exponentials, [MI = Ac-'" + 
He-sjr t Ce-?r.  


[MC],,,-experimentaI morphine conjugate concentration per milliliter 
of plasma. 


(M(;];,l,-morphine conjugate concentration per milliliter of plasma as 
calculated from experimental valuesof Z~ l~ , ( ; , l ,+ l Ja t  a time, t ( t + l l ,  from 
a known renal clearance, C l z f ,  and the known 411C~(;  and [MGJ 
values a t  8 previous time, t ,  (Eq. A2'i). . .  


'rhe difference between the calculated values of I . : ~ ~ ,  ~ 2 1  and A22 esti. [MGI or lMGlc,rc--morphine conjugate concentration per milliliter of 
Plasma as calculated from the difference between the cumulative 
amount of conjugate generated, ZU,w;, and the experimental cumu- 
lative amounts of conjugate in hile and urine and divided by a volume 
o f  distribution, V M ~ ;  (Eq. A13). In the non-bile-caniiulated dog, the 


mates the amount of conjugate a t  any given tirne that has heen 
hepatically recirculated into the systemic circulation: 


~ i2 f ( ; c , , l  = XHgk - ZB,$ (Eq. A23) 
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cumulative amount of conjugate in the bile must be caIculated on the 
assumption of a constant biliary clearance of metabolized morphine 
(Eq. A21). 


SMG or ZMGLOt-cumulative morphine conjugate produced by meta- 
bolic morphine clearance, Clge, (Eqs. A2, A5. and A9). 


SUe#-cumulative experimental morphine excreted in urine. 
S U ~ 4 c u l a t e d  cumulative morphine excreted in urine, based on renal 


clearance, Clf”, of plasma morphine (Eqs. A1 and A6). 
SU”*;-cumulative experimental morphine conjugate excreted in 


urine. 
S U ~ ~ - c a l c u l a t e d  cumulative morphine conjugate excreted in urine, 


based on renal clearance, C l x f ,  of plasma conjugate (Eq. A8). 
SBe&-experimental cumulative morphine conjugate excreted in bile 


in the bile-cannulated dog. 
S A 2 t  or SB!$’c-calculated total cumulative morphine conjugate ex- 


creted in bile, based on biliary clearance, CIB, of metabolized morphine 
(Eqs. A3 and A21). 


BRB&-actual morphine conjugate in the biliary system calculated from 
the difference in the total formed, SMG, and the amounts of conjugate 
experimentally determined in the urine and in the body (Eq. A22). 


XMGent--conjugate presumably enterohepatically recirculated from the 
bile to the systemic circulation as estimated from the difference be- 
tween ZB$& and ZR$$ (Eq. A23). 


SMGy’P,-experimentaI conjugate excreted in feces. 
SMG$%-conjugate calculated to be in feces based on the difference 


in calculated total conjugate formation and total amount excreted in 
urine. 


ZU- or SIP-total drug or metabolite in urine or bile a t  infinite 
time. 


Cl{,-total morphine clearance, in milliliters per minute (Eq. A18). 
C1 ,,-renal morphine clearance, in milliliters per minute, basically es- 


timated from A c U ~ l A t l [ M j ~ ~ ~ ~ .  
Clft-renal morphine conjugate clearance, in milliliters per minute, 


basically estimated from A Z U M ~ ~ A ~ ~ [ M G ] , , , , , .  
Cl,,, or Clf,’,,-metabolic morphine clearance, in milliliters per minute, 


which can be estimated directly in the bile-cannulated dog (Eqs. A1 1 
and A12) and indirectly in the non-bile-cannulated dog (Eq. A19). 


C/,q or Clf-biliary clearance of a morphine conjugate fraction formed 
by morphine metabolism, in milliliters per minute, which can be esti- 
mated from ASBe&lAtl(MJ,,, in the bile-cannulated dog and indi- 
rectly estimated on the assumption of dose independence in the non- 
bile-cannulated dog (Eqs. A16, A17, and A20). The biliary clearance 
of systemic morphine conjugate is not presumed. 


Vp-apparent distribution volume, in liters, of central compartment 
referenced to morphine base concentration in plasma. 


Vy-apparent overall distribution volume, in liters, referenced to mor- 
j h i n e  base concentration in plasma. 


Vex,,,,-apparent distribution volume, in liters, referenced to morphine 
based concentration in plasma on assumption of instantaneous 
equilibration in body fluids. 


VMc-apparent overall distribution volume, in liters, for the formed 
conjugate, M G ,  of morphine (Eqs. A l l ,  A12, A16, and A17). 
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EXPERIMENTAL' 62.25; H, 11.43; N, 12.09. 


To prepare N,N'-dibutyl-N-methoxycarbonylethylenediamine (11) 
and N.N'-dibutyl-N.N'-di(methoxycarbonyl)ethylenediamine (IV), s RESULTS AND DISCUSSION 
l-liter, three-necked flask was fitted with a thermometer, an addition 
funnel, a magnetic stirrer, a reflux condenser, and a heating mantle. The 
diamine (25 g, 0.145 mole) was dissolved in anhydrous methanol ( m m l )  
and placed in the flask. A8 this solution was Slowly heated to 60'9 a 80- 
lution of methyl chloroformate (13.7 g, 0.145 mole) in anhydrous meth- 
anol (50 mlf was added dropwise Over mixture was 
stirred a t  60' for an additional 3 hr and then overnight a t  room temper- 
ature. 


The was removed in UQCuO~ and the residue was taken up in 
methylene chloride (300 ml), filtered to  remove the hydrochloride salt 
of the starting material, and concentrated in uacuo. The residue was 
dissolved in distilled water, acidified (pH 3), and extracted with ether 
(three times) to yield Fraction EI. The aqueous Solution Was made basic 
with 10% NaOH and reextracted with ether (three times), affording 
Fraction Ee. 


Table I gives the structures, boiling points, and repellency data ofthe 
tested carbamates. 


Compounds IV-VI, VIII, and X had ED50 values equal to or less than 
that of diethyltoluamide. The ED9,, values of 111-V, VII, and X were 
outstanding. These values indicate that all of these compounds should 
be considered as candidate repellents to replace diethyltoluamide, and 
advanced repellency and preliminary toxicity tests are planned. 


With these compounds, the boiling range for effective repellency in 
this test system is considerably higher that of diethyltoluamide ( 100°/0.5 
mm H ~ ) ,  being 110-1600/0.5 mm H ~ .  These less volatile repellents may 
have an increased duration of effectiveness when applied to human 
&in. 


Future studies will depend on the results of human skin tests of the 
best compounds ofthe series. 


hr* The 


DistillatL'on of E1 yielded 12.1 g of IV, bp 123'/0.35 mm Hg. 
Anal.-Calc. for C ~ ~ H B N ~ O ~ :  C, 58.31; H, 9.79; N, 9.72. Found: C, REFERENCES 


58.17; H, 9.92; N, 9.69. 


g of 11, bp 96-98'/0.4 mm Hg. 


(1) W. A. Skinner, H. T. Crawford, D. Skidmore, and H. I. Maibach, 


(2) L. C. Rutledge, M. A. Moussa, and C. J. Belletti, Mosquito News, 
Fraction E2 was dried, evaporated in oacuo, and distilled to yield 17.1 


Anal.-Calc. for C12HxN202: C, 62.57; H, 11.38; N, 12.16. Found: c, 
J.  pharm. sci., 66, 587 (1977). 


36, 283 (1976). 
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Abstract 0 Various N-substituted urea and cyclic urea derivatives were 
synthesized and evaluated as repellents for Aedes aegypti mosquitoes 
with an in uitro blood-feeding test system. Several compounds were su- 
perior to diethyltoluamide. 


Keyphrases Ureas and cyclic ureas, N-substituted-synthesized and 
evaluated as mosquito repellents 0 Repellents, mosquito-various N- 
substituted ureas and cyclic ureas synthesized and evaluated O Struc- 
ture-activity relationships-various N-substituted ureas and cyclic ureas 
evaluated as mosquito repellents 


In continuing efforts to find improved mosquito repel- 
lents, various N-substituted ureas and cyclic ureas were 
synthesized for evaluation in an in uitro blood-feeding test 
system using Aedes aegypti mosquitoes as described 
previously (1). 


N,N'- Dihexamethylenecarbamide', a urea derivative, 
was reported (2) to be effective as a repellent for mosqui- 
toes and black flies. The minimum effective dosage was 


1 Carboxide. 


0.04 mg/cm2 for mosquitoes (A. hexodontus and A. 
punctor) and 0.12 mg/cm2 for black flies (Sirnuliurn uen- 
usturn) when evaluated on human skin. The minimum 
effective dosages obtained for N,N'-dihexamethylene- 
carbamide were lower than those for diethyltoluamide 
(0.14 mg/cm2) for the same mosquitoes. 


In view of the interesting effectiveness of this N-sub- 
stituted urea, it was decided to explore the structure- 
repellent activity relationships of N-substituted ureas and 
cyclic ureas. To vary the boiling-point ranges, both open 
chain and cyclic ureas were synthesized. For the same 
reason, substituents on the nitrogens were varied in alkyl 
chain lengths. 


EXPERIMENTAL2 


Preparation of N,N'-Dibutylurea (1V)-A 1-liter, three-necked 
flask was charged with 200 ml of benzene, and phosgene was bubbled 


* Boiling points were determined using a short path distillation apparatus and 
are uncorrected. Elemental analyses were performed by the Microanalytical Lab- 
oratory, Department of Chemistry, Stanford University. Stanford, Calif. 
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Tablc  I-Physical and  Biological Properties of N-Substituted Ureas  and  Cyclic Ureas  I-VII1 IS-XI 


Compound RI 
Boiling Point 
(0.6 mm Hg) 


Repellency 
ED511 ED90 r 


81° 0.07.5 0.25 -0.92 
950 


1 0 3 ~  
119" 
740 
83" 
600 


0.027 
0.0028 
0.0073 
0.11 
0.039 
0.30 


o.io 
0.024 
1.5 
0.80 
0.30 
1.4 


-0.7fi 
-0.86 
-0.99 
-0.91 
-0.69 
-0.70 


\'I I I " C H I  590 0.04.5 n 22 -0 88 
IXd 
X '  


XI' 


92O 
1100 
145O 


0.049 
0.041 
0.0052 


0.23 -0.99 
0.14 -0.97 
0.074 -0.68 


I)iethyltoluamide 1000 0.031 0.10 -0.81 
N . I V ' -  1)i hexamet hylenecarhamide 1300 0.00081 0.056 -0.83 


c. f o r  (:;HI,NJI C, fiX.37; H, 12.37; N, 12.32. Found: C. 68.32; H. 12.X;  N, 12.24. Ann/ -Calc. for Cl:,H28N20: C. fiR.37; H. 12.36; N ,  12.27. Found: C, 
N. 12.12. Anal.-Calc. tor CISH:VLNLO: C .  70.25; H, 12.58; N, 10.93. Found: C ,  70.36; H, 12.74; N. 10.96. See ExpwirncnfaL Ann/.-Calc. forC1?H28N20: 
N; N. 12.27. Found: C.68.17; H. 12.41; N. 12.37. /Ana/.--Calc. for CIIH?~N.LO: C.fiS.95; H, 12.0% N. 13.99. Found: C.65.95; H ,  12.19; N ,  14.00. fi AndL-Calc .  


h r  CI I H ~ I N ~ O :  C .  65.95; H, I'L.OX; N, 1:j.W. Found: C. fi5.72; H. 12.33; N, 13.87. Ann/ --Calc. l o r  C ~ H 2 0 N 2 0 :  C, 62.74; H, 11.70; N. 16.27. Found: C, 62.66; H. 11.94; N. 
16 OX ' A n u l  -Calc. for CllH22N20: C ,  66.62; H. 11.1X; N. 14.13. Found: C. fifi.43; H, 11.29; N. 14.07. And-Calc.  for C1~H~,,N20: C .  70.81; H. 11.89; N. 11.01. Found: 
(', il).43: H. 11-73; N, 1O.W. 


~hrough the stirred solution until approximately 9 g had been collected 
(0.0:W M ) .  Potassium carbonate (25.6 g, 0.186 mole) was then added, and 
the flask was fitted with a nitrogen inlet-outlet, a reflux condenser, and 
an addition funnel. The  stirrer was started, and dibutylamine (15.6 ml, 
0.093 mole) was added dropwise over 30 min. Occasional cooling was 
necessary to ensure that the temperature did not rise above 35'. After 
the addition was complete, the solution was stirred at  room temperature 
for :1 hr. Another 15.66 ml of dihutylamine was then added, and the so- 
lution was refluxed for 9 hr. 


The cooled reaction mixture then was filtered to remove potassium 
carbonate-potassium chloride, evaporated i n  uacuo, and distilled. 
Redistillation after stripping off benzene after ethanol was added gave 
a liquid, bp 119"/0.5 mm Ha. 


Ano(.-Calc. for C I ~ H : I ~ N ~ O :  C, 77.77; H, 12.76; N, 9.85. Found: C, 
77.92 H. 12.88; N, 9.84. 


Prepara t ion  of N,N'-Dipropylmethoxycarbonylethylenedi- 
amine-Preparation of N.N'-dipropyl-1,3-diaza-2-cyclopentanone (IX) 
was uio the carhamate N,N'-dipropylmethoxycarbonylethylenediamine, 
which was prepared as follows. A 1-liter, three-necked, round-bottom 
flask was fitted with a thermometer, an addition funnel, a magnetic 
stirrer, a reflux condenser, and a heating mantle. The diamine (25 g, 0.174 
mole) was dissolved in anhydrous methanol (800 ml) and placed in the 
Ilask. As this solution was slowly heated to 60°, a solution of methyl 
chlorriformate (16.4 g, 0.174 mole) in anhydrous methanol (50 ml) was 
added dropwise over 1 hr. The reaction mixture was stirred a t  60' for an 
additional 3 hr and then a t  room temperature overnight. The  methanol 
was removed at  reduced pressure, and the residue was taken up in 
methylene chloride (300 ml), filtered to remove the hydrochloride salt 
o f  the starting material (4.71 g), and evaporated in uacuo. 


The residue was dissolved in distilled water, acidified (pH 3), and ex- 
tracted with ether (three times) to yield Fraction &. The aqueous solu- 
tion was hasified with 10% NaOH and reextracted with ether (three 
times), affording Fraction Es. Fraction El was dried over sodium sulfate 
and evaporated in uacuo. After distillation, 7.25 g of the dicarbamate was 
obtained. Fraction EP, after removal of the solvent in uacuo, yielded the 
monocarbamate intermediate. 


P repa ra t ion  of N,N'-Dipropyl-1,3-diaza-2-cyclopentanone 
(1X)--A 500-ml, three-necked flask was fitted with a Y-tube nitrogen 
inlet, an ammonia inlet, a dry ice condenser, a gas bubbler, and a magnetic 
stirrer. The nitrogen was started, and the apparatus flamed out. After 
cooling under nitrogen. the condenser was charged with dry ice, and 
ammonia (1) (150 ml) was collected in the flask. Ferric nitrate nonahy- 
drate (50 mg) was added, and the ammonia solution turned light brown. 
A small piece of sodium (50 mg) was added, and the solution was stirred 
at  -33' until the blue color had disappeared and a black precipitate of 
catalyst formed. 


The remainder of the sodium (0.93 g, 0.04 mole) was then added in 
portions over 10 min. After the blue color was discharged (0.5 hr), a so- 


lution of the carbamate (4.0 g, 0.02 mole) in anhydrous ether (10 ml) was 
added dropwise from the addition funnel over 30 min. The black solution 
was then stirred a t  -33' for 4 hr, and the ammonia was allowed to 
evaporate overnight under nitrogen. 


The residue was dissolved in a water-ether slurry and transferred to 
a separator. The layers were separated, and the organic phase was washed 
with ether twice. The combined ether layers were dried (magnesium 
sulfate), evaporated in uacuo, and distilled to afford the desired product, 
3.0 g, bp 63-66'/0.08 mm Hg. 


Anal.-Calc. for C ~ H I R N ~ O :  C, 63.49; H,  10.65; N, 16.46. Found: C, 
61.97; H, 10.68; N, 16.04. 


RESULTS A N D  DISCUSSION 


Table I gives the structures, boiling points, and repellency data for the 
compounds. Those repellents for A. aegypt i  (yellow fever mosquito) 
having ED:,() and ED90 values lower than the standard repellent 
(diethyltoluamide) are candidates for further evaluation in other tests 
fix repellency. However, prior to application to human skin, preliminary 
toxicology studies must be performed. 


Compared to diethyltoluamide, 11-IV, VI, and XI had lower or com- 
parable EDSO values and 11,111, and XI had lower or comparable ED90 
values. Compared to N,N'-  hexamethylenecarbamide, I11 and XI had as 
good or better EDSO values. 


The relationship hetween boiling point and repellency in this test is 
not as clear as in prior studies (3). but maximum effectiveness in terms 
of EDSO or ED90 values appeared to  peak with the  N-substituted ureas 
around 100' a t  0.5 mm Hg, which is verysimilar to the value found with 
analogs of diethyltoluamide by skin testing (3). With the cyclic urea de- 
rivatives, the peak activity was found around 145O a t  0.5 mm Hg, closer 
to that of N,N'-dihexamethylenecarbamide. 


Further study of the most active of these compounds may yield im- 
proved topical repellents for mosquitoes and point the way to improved 
compounds in this series by variation of their volatility. 
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Abstract A rapid and specific method for the determination of 
bleomycin Az is described. A 50-pl aliquot of 2O?h trichloroacetic acid was 
added to 200 pl of plasma. The sample was vortexed and centrifuged, and 
50 pl of the clear supernate was injected into a liquid chromatograph 
equipped with a microparticulate reversed-phase column and a fixed 
wavelength detector. Elution was carried out using methanol-acetoni- 
trile-O.W85 M heptanesulfonic acid-acetic acid. A linear calibration curve 
was found in the 0.05-5-pg/ml range with an estimated precision of *6% 
(CV) .  Preliminary pharmacokinetic data in the rabbit also are re- 
ported. 


Keyphrases Bleomycin A?-high-performance liquid chromato- 
graphic analysis in plasma High-performance liquid chromatogra- 
phy--analysis, bleomycin A2 in plasma 0 Antineoplastic agents- 
hleomycin Az, high-performance liquid chromatographic analysis in 
plasma 


The  antibiotic-antineoplastic agent bleomycin is ac- 
tually a mixture of cationic polypeptides. The complex was 
isolated from fermentation products of Streptomyces 
uerticillus (1). I t  is effective against human neoplasms, 
particularly squamous cell carcinoma, lymphoma, and 
testicular carcinoma (2-4). The  most common toxic side 
effects are minor cutaneous reactions. However, about 1OOh 
of the patients develop pulmonary toxicity, occurring as 
pneumonitis and pulmonary fibrosis (5). 


BAC KCROU N D 


Crude hleomycin has heen purified by chromatographic methods into 
two large tractions, A and H (6). Further fractionation provided six 
hleomycin A fractions and five hleomycin B fractions. Of the various 
highly hydrophilic polypeptides, 11 components have heen completely 
purified. Each component consists of a carhoxy terminal glycopeptide 
(-1300 daltons), designated as hleomycinic acid, which is suhstituted 
in an amide-type linkage with 3-(dimethylthionium)propylamine 
(hleomycin Az, I I ) ,  agmantine (bleomycin R', I l l ) ,  or 3-(methylsul- 
finy1)propylamine (bleomycin A,, I) .  


The bleomycin administered clinically consists of, hy weight, 55-70% 
hleomycin Az, 25-32% bleomycin R2, and the remaining percentage di- 
vided among the other suhfractions (7). In all cases, a t  least 65% is from 
the bleomycin A group and less than 35% is from the hleomycin R group. 
The most commonly used regimen has been 15 mg/m2 iv twice weekly 
(8).  


Although almost all clinical work has been done using this formulation, 
there are indications that the individual bleomycin fractions should be 
studied. For example, bleomycin As was more toxic to Escherichia coli 
than the more abundant bleomycin A2 present in the formulation cur- 
rently in use (9). Bleomycin acid was devoid of activity against E. coli (9). 
The possible effectiveness of bleomycin An was reported by others (10, 
11). Bleomycin B4 caused kidney damage in dogs and had weak antitumor 
activity (12). However, few studies on individual components of the 
hleomycin mixture have been presented (12-14). 


To elucidate the pharmacokinetics of individual bleomycins, a specific 
and sensitive assay must be available. Analytical techniques to estimate 
plasma levels of the bleornycin mixture include microbiological assays 
(11, 12, 15, 16). radioactive labeling assays (2, 17-19), and radioimmu- 
noassays (20.21). Unfortunately, all of these methods do not distinguish 
between the various components of the hleomycin mixture or their me- 
tabolites. Thus, specificity is a problem with all presently availahle 
techniques. In this report, a sensitive and specific paired-ion high-per- 
formance liquid chromatographic (HP1.C) assay for one component of 
the bleomycin mixture, bleomycin AP, is presented. 


Hi) I 
Ho oAN"L 


I: R = NH(CH,),SOCH, 
11: R = NH(CH,),S=(CH,), 


111: R = NH(CH,),NHC(=NH)NH, 
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EXPERIMENTAL 


Apparatus-A modular high-pressure liquid chromatograph con- 
sisting of a constant-flow pumpL, a valve-type injector', a fixed wave- 
length (254-nm) UV detector?, and a strip-chart recorder4 was used. A 
stainless steel column (3.9 mm X 30 cm) packed with fully porous 10-pm 
silica particles with a chemically bonded monomolecular layer of octa- 
decylsilanes was obtained commercially. A guard column (3.9 mm X 6 
cm) filled with pellicular reversed-phase packing6 was used to prolong 
column life. 


Chromatographic Conditions-The mobile phase consisted of 
methanol-acetonitrile-0.0085 M heptanesulfonic acid-acetic acid (30  
10:59:1). A flow rate of 2.0 ml/min was established (2500 psi). 


Reagents and Materials-Bleomycin7, bleomycin A28, and sodium 
I-heptanesulfonateg were used as received. Solvents were of HPLC grade. 
All other materials were reagent grade. Stock solutions of bleomycin and 
bleomycin An were prepared by dissolving 10 mg of bleomycin and 
bleomycin A2 in 100 ml of deionized water. Plasma standards were pre- 
pared by taking appropriate small volumes of stock solutions and adding 
them to control plasma. 


HPLC Assay and Calculations-To 0.2 ml of plasma in a 12-ml 
glass-stoppered conical centrifuge tube was added 50 pl of a 20% tri- 
chloroacetic acid solution. The samples were mixed'o and then centri- 
fuged" a t  3000 rpm for 10 min. A 50-pl aliquot of the clear supernate was 
then injected onto the column, and peak heights were determined. Cal- 
ibration curves were constructed daily from results obtained from spiked 
control plasma samples containing 0.5-5 pg/ml by plotting peak heights 
uersus bleomycin A2 concentration. 


Pharmacokinetics in Rabbits-Four female New Zealand White 
rabbits, 1.5-3 kg, received 4 units of bleomycin/kg iv in the marginal ear 
vein. Fifteen blood samples were withdrawn over 3 hr from the opposite 
marginal ear vein. 


RESULTS AND DISCUSSION 


In preliminary studies with methanol-0.01 M heptanesulfonic acid- 
acetic acid (4851:1), reasonable separations of the major components 
were obtained, yielding three major fractions. By using TLC methods 
in which relative R, values of the HPLC-separated components were 


J 
0 15 0 5 


MINUTES 


Figure 1-Chromatogram obtained from HPLC assay of control rabbit 
plasma (le/t) and plasma from a rabbit administered a single intraue- 
nous dose of bleomycin (right). Peak for bleomycin A2 corresponded t o  
a concentration of 2.6 Fg/m/. 


1 Model M f i W A ,  Waters Associates, Milford. Mass. 
2 Model SVOV-6-1, Glenco Scientific, Houston, Tex. 


4 Model 255, Linear Instruments Ciirp.. Irvine. Calif: 


6 Co:pell ODS, Whatman, Inc.. Clil'ton. N..J. 
7 13lenoxane. lot E40Y.5, supplied hy Hristol I.alioratiirien. Syracuse. N.Y. 


9 Eastman Kodak Co. 
la Vortex-Genie, Fisher Scientific Industries. Springfield. Mass. 
I '  IEC EXD centril'uge 4fiO(;. I)amon/lE(: I)ivisi~in, Needhani Heights. Mass. 


Model 440, Waters Associates, Milford, Mass. 


Pre acked VRondapak CIS, Waters Aswriates. Milford, Mass. 


Supplied hy Hristol 1.ahoratories. Syracuse, N.Y. 


Table I-Stability of Bleomycin A2 in Rabbi t  Plasma 


Concentrationo, pg/ml 
Davs Samole A Samole B 


0 4.3 0.1 3.0 f 0.1 
1 4.2 i 0.2 3.1 f 0.2 
4 4.3 f 0.2 3.0 f 0.2 
8 4.4 f 0.1 3.1 f 0.2 


a Mean f SD, n = 3. 


compared with literature values, these fractions were determined to be 
bleomycins A2, Bz, and Al. Only bleomycin A2 was available for direct 
comparison by TLC and HPLC. 


Since the bleomycins are very water soluble, separation from normal 
plasma constituents was considered to be a major obstacle prior to the 
quantitation of bleomycin A'. However, a simplistic approach was at- 
tempted. The proteins were removed by trichloroacetic acid precipitation, 
and then an aliquot of the supernate was injected onto a reversed-phase 
column. This approach proved to be very satisfactory, with no interfering 
peaks being found in the chromatograms. Comparison between spiked 
plasma samples and direct aqueous injections gave identical results, in- 
dicating complete recovery of the bleomycins. 


Resolution between bleomycins A2 and B2 was good ( R  = 1.2) on the 
original HPLC column with the three-component system. However, 
resolution began to decrease after a relatively short time. After this same 
experience was noted on two other identical columns, attempts were made 
to prolong the useful lifetime of columns for this assay. Changing to the 
four-component system solved the problem. Since this system has been 
used, column life has been very satisfactory and resolution has been im- 
proved ( R  = 1.7). 


Previously reported work on the HPLC separation of the bleomycins 
required long elution times (22, 23). With this ion-pairing technique, 
elution times were considerably reduced. This method is based on the 
ability to force drugs into their ionic forms by pH adjustment and then 
the addition of counterions to form ion-pair complexes. This lipophilicity 
allows for retention on the reversed-phase column. 


Bleomycins reportedly are unstable in biological fluids and tissues. 
Since all assays could not be performed on the same day that the samples 
were obtained, a stability study in plasma was begun. The bleomycin 
mixture (3 units/kg) was injected into a rabbit, and two large blood 
samples (A and B) were withdrawn 10 and 20 min, respectively, after the 
intravenous infusion. Aliquots of these samples were assayed immedi- 
ately, and then other aliquots were assayed after 1,4, and 8 days. Samples 
were kept frozen prior to assay. No significant decrease in plasma con- 
centration was noted over the period of study (Table I). In a previously 
reported study (16) that had shown instability of the drug in plasma, the 
microbiological assay was used. Since that method exhibited a very large 
standard deviation and reported decreases in concentration were rela- 
tively small, the conclusion is open to question. 


Because of the convenience of using plasma as opposed to serum, it was 
necessary to consider the effect of anticoagulants on the assay. Heparin 
was used as the anticoagulant in most studies, although citrate also was 
used. Neither anticoagulant interfered with the method. 


Chromatograms obtained on the analysis of control rabbit plasma and 
plasma containing 2.6 pg nf bleomycin,Az/ml are shown in Fig. 1. The 
chromatogram of control plasma showed no interfering peaks. In the 
other chromatogram, peaks corresponding to bleomycin A' (7.8 m i d ,  B2 
(10.2 min), and AL (13.8 min) were observed. No internal standard was 
used because of the simple nature of the assay and the large sample vol- 
ume injected. 


To verify that the peak designated as bleomycin A2 was indeed that 


Table  11-Precision and  Accuracy for  Assay of Bleomycin A2 in 
Plasma 


Experimental 
Actual Concentration, 


d m l  
Mean Relative 


Mean" (Range) CV Percent Error 
Concentration, rglml, 


Control <MDLb - - 
n.22 0.30 (0.28-0.34) 9.4 9.4 
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Figure 2-Plot o/plasma concentrations of bleomycin A2 versus time 
obtained after a single intravenous dose of the commercially available 
bleomycin mixture. 


compound, the retention times and peak widths a t  half-height were 
compared to the standard. In addition, the standard addition technique 
was used. These methods confirmed that bleomycin A:! was present in 
the rabbit plasma samples and that no interfering peaks were hidden 
under that bleomycin A:! peak. 


The standard curve for the assay was linear over the 0.,%5-rg/ml range. 
All samples were diluted to bring them within this range. T o  study the 
precision and accuracy of the method, known amounts of the drug were 
added to control plasma. These samples were assayed subsequently in 
quadruplicate as described. The coefficient of variation and relative error 
for the assay of bleomycin A2 are reported in Table 11. 


The utility of this method was shown by studying the pharmacokinetics 
of bleomycin A? in rabbits. Since the activity of the commercially avail- 
able bleomycin mixture varied from batch to batch, all reported data were 
obtained from a single batch. A dose of 4 units of bleomycin/kg iv was 
given to each rabbit in the marginal ear vein. The activity of this hatch 
was reported to be approximately 2 unitshg. Blood samples were drawn 
from the opposite marginal ear vein over 3 hr; plasma was then separated 
by centrifugation and assayed as described. 


The data, plotted on semilog coordinates, are shown in Fig. 2. A bi- 
phasic curve was noted, suggesting the data should be fit to a two-com- 
partment model: a central plasma compartment and a peripheral tissue 
compartment. The elimination half-life was calculated to be ahout 40 min 
for the $phase. The volume of distribution tor the central compartment 
was about 0.2 liter/kg. 


In mice, the decrease in plasma levels of the bleomycin mixture did not 
follow first-order kinetics (16). Samples in that study, however, were 
assayed hy a nonspecific microhiological method. In the present study, 
preliminary findings indicate that first-order kinetics are followed. This 
result suggests that each component of the bleomycin mixture may have 


a different clearance. 
Further studies on bleomycin A2 pharmacokinetics are in progress. 


With this simple HPLC method for bleomycin A2 as a model, it is hoped 
that assays for the other major components may be developed and their 
pharmacokinetics studied. 


REFERENCES 


(1) H. Umezawa, K. Maeda, T. Takeuchi, and Y. Okami, J .  Antibiot., 
19,200 (1966). 


(2) H. Umezawa, T. Takeuchi, S. Hori, T. Sawa, M. Ishizuka, T. 
Ichikawa, and T. Komai, ibid., 25,409 (1972). 


(3) C. D. Haas, C. A. Coltman, Jr., J. A. Cottlieb, A. Haut, J. K. Luce, 
It. W. Talky, R. Samal, H. E. Wilson, and B. Hoogstraten, Cancer, 38, 
8 (1976). 


(4) M. H. Cohen, S. J. Pocock, E. D. Savlov, H. J. Lerner, J. Colsky, 
W. Regelson, and P. P. Carbone, Eur. J .  Cancer, 13,49 (1977). 


(5) S. K. Carter and R. H. Blum, Can. Med.  J . ,  24,322 (1974). 
(6) H. Umezama, Y. Suhora,T. Takita, and K. Maeda,J. Antibiot.,  


(7) Blenoxane, New Drug Application, vol. 1, 1971. 
(8) R. H. Hlum, S. K. Carter, and K. Agre, Cancer, 31,903 (1973). 
(9) S. S. Cohen and J. I. Cohen, Cancer Res., 36,2768 (1976). 


(10) T. Terasima, Y. Takabe, T. Katsumata, M. Watanahe, and H. 


(11) M. Ishizuka, H. Takayawa, T. Takeuchi, and H. Umezawa, J .  


(12) H. Umezawa, M. Ishizuka, K. Kirnura, J. Iwanagar, and T. Tak- 


(13) H. Umezawa, Pure Appl .  Chem., 28,665 (1971). 
(14) I. Shirakawa, M. Azegami, S. Ishii, and H. Umezawa, J .  Antibiot., 


(15) T. Ichikawa, A. Matsuda, K. Miyamoto, M. Tsubosaki, T. Kai- 


(16) T .  Ohnuwa, J. Holland, H. Masuda, J. Waligunda, and G. Gold- 


(17) P. J. Robbins, E. B. Silberstein, and D. I,. Fortman, J .  Nucl. Med.. 


(18) K. Bitter,J. Max.-Fac. Surg., 4,226 (1976). 
(19) T. Konikowski, T. P. Haynie, and H. J. Glenn, J .  Nucl McJd., 16, 


(20) A. Rroughton and J. E. Strong, Cancer Hes., 36, 1418 (1976). 
(21) M. K .  Elson, M. M. Oken, and K. R. Shafer, J .  N u d .  Med. ,  18, 


(22) W. C. Eckelman, W. d. Rzeszotarski, H. A. Siegel, H. Kuhota, M. 


(23) W. J. Rzeszotarski, W. C. Eckelman, and R. C. Reba, J .  Chro- 


19,210 (1966). 


Umezawa, J .  Natl .  Cancer Inst.,  49,1093 (1572). 


Antibiot., 20, 15 (1967). 


euchi, ibid., 21,592 (1968). 


24,761 (1571). 


hara, K. Sakamoto, and H. Urnezawa, ihid., 20, 149 (1967). 


berg, Cancer, 33,1230 (1974). 


15,273 (1974). 


738 (1975). 


296 (1977). 


Chelliah, J. Stevenson, and R. C .  Heba, ibid., 16, 1033 (1975). 


matogr., 124, 88 (1576). 


ACKNOWLEDGMENTS 


The authors thank Mr. Jack Korpi, Waters Associates, Milford, Mass., 
for helpful suggestions. 


234 1 Journal of Pharmaceutical Sciences 
Vol. 68, No. 2, February 1979 












Monoamine Oxidase Inhibition by P-Carbolines: 
A Quantum Chemical Approach 


FRANCISCO TOMASX and JOSfi M. AULL6 
Received July 8, 1977, from the Departamento de Quimica Fisica, Facult 
Spain. Accepted for publication December 5,1978. 


Abstract Monoamine oxidase inhibition by P-carboline derivatives 
is related to the energy change, AE, arising from complex formation be- 
tween the inhibitor and the enzyme. The energy change was expressed 
in terms of electronic indexes, which were estimated for a set of aromatic 
ij-carbolines. The electronic indexes were correlated to the experimental 
activity indexes by a simplified quantum chemical perturbational 
treatment with a multiple regression procedure. A characteristic structure 
for the inhibitor-enzyme complex was derived from the correlation. The 
molecules are linked by two kinds of bond. One involves the lone pyridine 
nitrogen pair of @-carbolines; the other is due to a *-electronic interaction 
between the inhibitor indole fragment and a suitable area of the enzyme. 
Such a model explains the competitive inhibition by 8-carbolines com- 
pared to tryptamine and other aromatic amines that are monoamine 
oxidase substrates. 


Key phrases ij-Carbolines-monoamine oxidase inhibition, quantum 
chemistry Monoamine oxidase-inhibition by @-carbolines, quantum 
chemistry Monoamine oxidase inhibitors-P-carbolines, quantum 
chemistry 


Some @-carboline (9 H-pyrido[3,4-b Jindole) derivatives 
are inhibitors of monoamine oxidase in oxidative cerebral 
amine deamination. In uitro studies using tryptamine as 
the substrate in deamination found that some derivatives 
were potent competitive inhibitors (1-8). The common 6- 
carboline structure is the tricyclic aromatic system. Sub- 
stituents enhance or diminish activity. 


The present work was designed to relate the inhibitory 
activity to the aromatic 0-carboline derivative electronic 
structure. An inhibition mechanism was derived from the 
correlation between experimental data and estimated 
electronic properties. 


H H  H & . I \ /  


R, 
R, R6 -- 


0-carboline I I )  H H 
1-methyl-0-carboline I1 -CH, H 


8-methyl-pcarboline ( V )  H H 
6,9-dimethyl-p-carboline H 4 - 3 4 3  


9-methyl-p-carholine 1111 H H 
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H 8, -dimethyl-p-carboline H 
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H H 
-NH, H 
H H 


-OCH, H 


H -CH3 


a d  de Ciencias, Universidad de Valencia, Burjasot, Valencia, 


EXPERIMENTAL 


Molecular Orbi ta l  Calculations-The “valence shell” molecular 
orbital theory and the INDO (intermediate neglect of differential overlap) 
semiempirical method (9) were used. Calculations were performed with 
the CNINDO program (10) using the parameters implicit in the pro- 
gram. 


The molecular conformation was built according to the following cri- 
teria: 


1. Molecular tricyclic structure was considered to be planar, as inferred 
from electronic delocalization. 


2. Substituents did not alter the tricyclic system conformation sig- 
nificantly. 


3. The tricyclic system geometry derived from that of the glycyl-L- 
tryptophan (11) and pyridine (12) cyclic fragments. 


The substituent bond lengths are given in Table I. The geometric pa- 
rameters used in the calculations are given in Table I and Fig. l. 


Theoretical Considerations on Inhibitory Activity-The inhibitory 
activity is expressed by Im, the inhibitor concentration that diminishes 
the enzyme activity by 5096. T o  compare all P-carbolines, the 160 must 
be measured using the same experimental conditions. With the as- 
sumption that the j3-carboline derivatives inhibit the catalytic action of 
monoamine oxidase on tryptamine oxidation by a competitive mecha- 
nism, such a mechanism was analyzed considering the formation of the 
inhibitor-enzyme complex. The equilibrium constant for complex for- 
mation can be derived from experimental 1% data (1-8) and also can be 
estimated from theoretical electronic structure calculations. The aim is 
to find a correlation between the complex equilibrium constant and the 
inhibitor electronic properties. 


The equilibrium constant ban be derived from reported 160 values. 
Literature studies (1-8) suggested that the inhibitor and the substrate 
(tryptamine) are competitive toward the same enzyme centers. The 
competitive mechanism can be expressed by: 


S + E $ S E k P +  E 
h2 


Scheme I 


R + E $ B E  
Scheme I! 


where S, E, R, SE, and BE are the substrate, the enzyme, the inhibitor, 
the substrate-enzyme complex, and the inhibitor-enzyme complex, re- 


H n 


1.ow \ 1,080 n 


I 
I 


Re 


I 
I 


\ 
R1 
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Figure 1-Geometrical P-carboline tricyclic conformation. 
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Table I-Substituent Bond Lengths 


Bond Leneth. 8, Reference. 


1.084 
1.080 
1.080 
1.090 
1.500 
1.500 
1.500 
1.460 
1.110 
1.360 ~ ~~ 


1.360 
1.360 
1.040 
1.360 
1.360 


13 
14 
14 ~. 


15 
16 
16 
16 
17 
16 
18 
18 
18 
18 
19 
19 


1.350 19 
C-H 1,110 16 


spectively; k 1, kp, and k3 are the rate constants; and K ,  is the equilibrium 
constant: 


(Eq. 1) 


By applying the steady-state hypothesis, the degree of inhibition, i, is 
(20): 


(Eq. 2) 


where K A  = k2 + kdkl,  the Michaelis constant, referred to the substrate; 
and S and B are the concentrations of the substrate and inhibitor, re- 
spectively, in the experiment. 


From the 1% definition, Eq. 2 can be written: 


(Eq. 3) 


This expression can be simplified by suitable planning of the experiment. 
The value K A  = 8.1 X was reported when the same initial tryptamine 
concentration, IS],= 6 X lo-* moleniter, was used for every experiment 
(1). Under these experimental conditions when [ S ]  > 100 X KA, the ox- 
idation kinetics can be considered to be zero order (with less than 1% 
deviation). Consequently, Eq. 3 reduces to: 


K A  + [SI 
KAIW 


K,  = ~ 


where: 


(Eq. 4) 


(Eq. 5) 


Obviously, KAS depends on the experimental conditions, but it will be 
constant if [S] is constant. In the experiments quoted, the conditions were 
constant for all P-carbolines. Thus, Eq. 4 or i ts  logarithmic form: 


log K, = log KAS + ~ 1 %  (Eq. 6) 


where: 


pfm= - log 150 (Eq. 7)  


can be used to estimate the equilibrium constants for inhibitor-enzyme 
complex formation. From the experimental data (l), log KAS = 2.870. The 
values of p I m  and K, derived by applying Eq. 6 to the experimental data 
are given in Table 11. 


Quantum Chemical Treatment  of Inhibition-After an experi- 
mental estimate of the equilibrium constant K, was obtained, the next 
step was to relate K, to electronic and/or structural properties. No cor- 
relation was found between atomic electronic properties and 8-carboline 
inhibitory activity in any previous work (21). 


According to statistical-thermodynamics, K,  is expressed by: 
f B E  K,  = - exp(-AEJkT) 


f B f E  
(Eq. 8) 


where AE, is the difference between the complex energy and the separate 
enzyme and inhibitor energies, all a t  ground state; f is the partition 
function, and k is the Boltzmann constant. Structural similarities permit 
the simplification of Eq. 8 for the entire 8-carboline set. The partition 
quotient can be considered nearly constant for all 8-carbolines (22). 


Table 11-Inhibitory Activity Parameter  (~1~60) and  Equilibrium 
Constant fo r  the #-Carbolines-Monoamine Oxidase Complexes 


Compound Experimental" Calculated6 Calculatedb 
PISO Ki x litedmole 


~ ~ 


I 4.538 4.537 25.54 
11 3.854 3.890 5.30 


111 5.000 5.012 74.13 
IV 3.921 3.844 6.18 
V 4.143 4.153 10.30 
VI 4.155 4.173 10.59 


VII 4.699 4.696 37.07 


X 3.237 3.215 1.28 
XI 4.367 4.366 17.22 


XI1 3.921 3.967 6.18 
XI11 4.553 4.527 26.49 


Tryptamine - - 3.15 


"Reference 6. * This work. 


VIII 3.824 3.796 4.94 
IX 3.201 3.237 1.19 


The energy variation in complex formation can be developed into 


AE, = MI,+ hE:+ AE:, + A&, (Eq. 9) 


where AEI, represents the difference due to nuclear rotation and vibra- 
tion, AE:, expresses the variation from steric rearrangements, AE;, 
concerns the solvation phenomenon, and AEl, expresses the change of 
electronic energy. The most important contribution to AE, is AE', (23). 
It is also the differential factor of each molecule in the A,!?, estimation 
because the formation mechanism must be equal for all compounds. 
Equation 9 can be simplified to: 


A&= U 6 + C  (Eq. 10) 
where C includes all contributions except the electronic ones and is 
constant for the 8-carbolines. 


several components: 


From these considerations, the equilibrium constant is: 


K,  = D(T)  exp(-AE',/kT) (Eq. 11) 
where: 


f B E  


f B f E  
D(T)  = - exp(-C/kT) (Eq. 12) 


D ( T )  depends on temperature but is the same for all P-carbolines. In a 
logarithmic form, Eq. 11 can be written: 


AE' 
log K, = A ( T )  - 2 (Eq. 13) k T  


where A ( T )  = log D(T).  Finally, from Eqs. 6 and 13, the inhibitory ac- 
tivity expressed by pIs0 can be related to the complex formation elec- 
tronic energy by: 


p l h =  a + b AE; (Eq. 14) 


where a = A ( T )  - log KAS and b = -Ilk?'; a and b are constants for a 
temperature and for the entire 8-carboline set. 


Unfortunately, the direct AE; calculation is not feasible. The mono- 
amine oxidase molecular structure is unknown, and the electronic energy 
cannot be calculated. A greater difficulty appears in the electronic energy 
calculation of the inhibitor-enzyme complex, because the nature of the 
complex is unknown. The only energy that can be calculated is the in- 
hibitor electronic energy in the geometrical conformations proposed. 


Nevertheless, perturbational treatment (24,25) was performed on the 
complex, considering its nature and stability. The important features 
observed in the a-carbolines were: 


1. All compounds inhibited monoamine oxidase catalysis on aromatic 
amines and, more precisely, on tryptamine. 
2. The inhibitory mechanism seemed to be common. 
3. The inhibition was produced because the P-carbolines blocked the 


enzyme active centers on which the substrate was to be fixed. 
4. The inhibitory mechanism reversibility implied molecular attraction 


rather than covalent bonding between molecules. 
5. The pyridine nitrogen as well as the delocalized electronic system 


was essential for the inhibitory behavior. Carbazole, having a similar 
electronic structure to a-carboline but lacking the pyridine nitrogen, does 
not present inhibitory properties (26). 
6. Substituents only altered the activity located a t  the delocslized 


tricyclic system. 
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Table 111-Net Charges (e) of the Most Significant Atoms in Eq. 


5' 


4.5- 
-I 
4 
I- z 
w r s 4- 
0. 
X 
W 


0 n - 
Q 


~~ ~ 


Compound 


I 
I1 


I11 
IV 
V 


VI 
VII 


VIII 
IX 
X 


XI 
XI1 


XI11 
Tryptamine 


86 
0.0297 
0.0299 
0.0294 
0.0172 
0.024 1 
0.0167 
0.0236 
0.0312 


-0.0553 
-0.0222 
-0.0523 
-0.0034 
-0.0524 


0.0216 


86 
-0.0054 
-0.0054 
-0.0047 


0.0056 
-0.0016 


0.0060 
-0.001 1 
-0.0064 


0.1619 
0.0297 
0.2048 
0.0234 
0.2046 


-0.0125 


8 9  Q13 


-0.1656 0.1462 
-0.1647 0.1462 - --. 
-0.1283 0.1684 
-0.1653 0.1416 
-0.1655 0.1367 
-0.1279 0.1342 
-0.1271 0.1286 
-0.1589 0.1457 


-0.1600 0.0721 
-0.1650 0.1208 
-0.1564 0.0859 
-0.1275 0.1138 
-0.1109 0.1359 


-0.1663 o.ioao 


The electronic interaction energy between a pair of atoms, b from the 
inhibitor B and e from the enzyme E, can be expressed (27) by: 


where Qb and Qe are the net charges over the atoms and Pbe is the reso- 
nance integral; dka = 2 ) 2 C k )  is the orbital charge of atom s in molecular 
orbital &, where ck) are the coefficients of the atomic orbitals from the 
atom s in $A. The indexes m' and n' denote the virtual orbitals of in- 
hibitor and enzyme, respectively, and rn and n stand for the doubly oc- 
cupied orbitals of the corresponding molecules. The t values are the 
molecular orbital energies; (bblee) is the repulsion energy between the 
electrons occupying orbitals centered on 6 and e atoms. The hypothesis 
of INDO formalism gives a constant value for the repulsion integral 
(bblee) among the atoms 6 and e valence orbitals despite the kind of such 
orbitals. The value o f &  is independent of the kind of atomic orbitals 
because the molecular nature of the complex does not involve covalent 
bonds. 


By extending Eq. 15 to all pairs of interacting atoms, p ,  it can be 
written: 


This expression has been written with the consideration that the occupied 
molecular orbitals of one molecule and the virtual orbitals of the other 


3.6L,x ,  . . , 


3 
3.5 4 4.5 5 


plso CALCULATED 


Figure 2-~?.rperimental PISO values versus calculated values from Eq. 
22. 


Table IV-Superdelocalizability Indexes of the Most Significant 
Atoms in Eq. 22 


Compound Sp) Sg" Sg.' S t )  s 1" 
I -0.1941 


I1 -0.1940 
I11 -0.1939 
IV -0.2004 
V -0.1955 


VI -0.2028 
VII -0.2154 


VIII -0.1950 
IX -0.2164 
X -0.2079 


XI -0.2037 
XI1 -0.1999 


XI11 -0.2035 
Tryptamine -0.2005 


-0.1950 
-0.1951 
-0.1928 
-0.1931 
-0.1996 
-0.1928 
-0.1943 
-0.1963 
-0.1759 
-0.1943 
-0.1714 
-0.1921 
-0.1739 
-0.2019 


-0.2009 
-0.2024 
-0.2001 
-0.2005 
-0.1960 
-0.2003 
-0.1965 
-0.2010 
-0.1988 


-0.1959 
-0.1789 
-0.1957 
-0.2281 


-0.1801 


-0.2682 
-0.2676 
-0.2683 
-0.2681 
-0.267 1 


-0.2679 
-0.2703 
-0.2729 
-0.2714 
-0.2673 
-0.2675 
-0.2688 
-0.2614 


-0.2688 


-0.1852 


-0.1800 
-0.1805 
-0.1811 


-0.1788 


-0.1813 
-0.1788 


-0.1881 


-0.1821 
-0.1845 
-0.1834 
-0.1837 


-0.1797 


-0.1918 


have very different energies, as in a charge controlled process. The fol- 
lowing approach may be used: 


cm - Zn' = Cm - € n ,  


c,, - C n  = tm, - cn  


(Eq. 17) 


(Eq. 18) 


where 7 is the average of the corresponding energies. 
Since the atoms from the tricyclic system, which are the same for all 


p-carbolines, are the only ones involved in complex formation and since 
the complexes are formed with the same atoms of the enzyme, some of 
the magnitudes appearing in Eq. 16 probably are constant for all @-car- 
bolines. The integrals (6b 1 ee ) ,  the resonance integrals p),?, the summa- 
tions referring the enzyme coefficients, and the average enzyme orbital 
energies may be considered constant. 


Otherwise, the summations concerning the a-carboline orbitals are 
closely related to the generalized superdelocalizability indexes (28, 29) 
and are expressed by: 


(Eq. 19a) 


sp = .+@ (Eq. 196) 


where S ( e )  is the electrophilic index and S(") is the nucleophilic index. 
Since the enzymatic terms in Eqs. 16 and 19 are constant, the following 


expression for the electronic energy variation can be written: 


m' Cm' 


AEL = 1 P IA,Qg + B,SF)P + C,SpJpI (Eq. 20) 


The coefficients A,, B,, and C, are constants for all fi-carbolines, and 
the indexes Q and S are variables for each complex. 


Finally, by introducing Eq. 20 in Eq. 14 and rearranging, the following 
expression can be found: 


In this equation, the summation is extended over all of the atoms of the 
aromatic &carboline tricyclic system, and the coefficients c,, are con- 
stant. Equation 21 relates the experimentally found inhibitory activity 
to the theoretically estimated electronic indexes. This equation holds 
if the enzyme-0-carboline complex is well approximated by the proposed 
molecular model, i.e., if it is a molecular charge-controlled complex 
without covalent bonds. A statistical study of the applicability of Eq. 21 
to the molecules considered was performed to identify the coefficients 
that gave the best statistical correlation. 


RESULTS AND DISCUSSION 


The calculated values for the electronic indexes appearing in Eq. 21 
are summarized in Tables I11 and IV. The statistical fitting of Eq. 21 was 
performed by means of stepwise linear regression techniques with plso 
as the dependent variable and the electronic indexes as independent 
variables. More than 400 combinations of electronic indexes were per- 
formed; the best correlated expression found is Eq. 2 ,  where the nu- 
merical values for the coefficients of Eq. 21 are shown: 


plso = 31.806 + 11.782 Qs + 140.546 Sq" + 14.405 Q6 
+ 18.199 S g )  + 42.378 Qs - 28.496 S t '  


+ 22.284 Q13 - 101.543 SE' + 63.959 S g '  (Eq. 22) 
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Table V-t-Test for Significance of Coefficients in Eq. 22 


Variable t Value P 
13.003 <0.0005 
10.307 <0.0025 
10.165 <0.0026 
2.32 = 0.05 


10.684 <0.0025 
10.491 <0.0025 
9.291 <0.0026 


10.608 <0.0025 
13.067 <0.006 


8!’ 


Equation 22 has a multiple correlation coefficient ( R )  of 0.999 that  rep- 
resents a significance better than 99.996, a mean standard deviation 
( M S D )  of 0.0117, and a residual standard deviation (RSD)  of 0.0424. A 
detailed statistical analysis is given in the Appendix. 


The next best correlation is given by: 


PISO = 34.157 t 16.215 Qg t 139.164 sp) + 10.245 Q 6  


t 24.402 Qs + 14.753 6 1 3  - 75.452 Sj5’ + 32.385 Sf’ (Eq. 23) 


with the following statistical parameters: R = 0.972, MSD = 0.0532, and 
RSD = 0.192. 


The p I m  values taken from the literature (1-8) and the ones estimated 
by Eq. 22 are summarized in Table 11, which also shows the estimated 
equilibrium constants. The experimental PISO values are fitted uersus 
the calculated ones in Fig. 2. 


As can be derived from Eq. 22, the inhibitory activity was not closely 
related to any individual atomic property but to a definite set of electronic 
indexes located on some tricyclic system atoms. The electrophilic index 
Sg’ was the most important term influencing the activity. The inhibitory 
activity of any aromatic 8-carboline could be predicted from the corre- 
sponding electronic indexes of i ts  ring atoms using Eq. 22. The significant 
features from the statistical analysis were: 


1. The electronic indexes corresponding to pyridine nitrogen, N2, did 
not appear in any tested regression giving an acceptable statistical 
analysis. 


2. The same circumstance was observed for C1, C3, and C4 belonging 
to the pyridine 0-carboline fragment. 


3. The benzene fragment electronic indexes, as well as the pyrrole 
fragment indexes, showed the best correlation found for the entire 
@-carboline indolic part. 


4. In all significant regressions studied, the Q9 and Sq“ indexes gave 
important contributions to the regression. 


Only the indole fragment is involved in P-carboline-enzyme complex 
formation. The pyridine nitrogen, N2, is essential to the inhibitory activity 
of 6-carbolines but does not contribute to the complex formation. 


From an electronic point of view, the indole group exhibited a delo- 
calized charge with some accumulations and depletions over its atoms 
(Table 111); it was a good system to form molecular or r-electronic com- 
plexes. The pyridine nitrogen is an electron donor system, responsible 
for the basicity of P-carbolines. The electronic characteristics of both 
molecular regions are responsible for the interaction with monoamine 
oxidase. @-Carbolines and monoamine oxidase form a molecular complex 
on which the molecules are linked by two interactions. The first one arises 
from the molecular electronic complex between the P-carboline indole 
fragment and a suitable fixing region of rnonoamine oxidase (Fig. 3). This 


V 
F R  


Figure 3-Interaction model between inhibitor and enzyme. FR = 
fixing region, and OR = oxidizing region. 


v 


Figure 4-Interaction model between tryptamine and the enzyme 


complex has r-complex characteristics, like Mulliken’s external complex 
(br-a*)  (30). The indole system acts as an electron donor by means of 
Ng, c6, and CS. 


The second interaction is due to pyridine nitrogen, Nz, which acts as 
an electron donor over an electrophilic monoamine oxidase center located 
in a region identified as OR (oxidizing region) (Fig. 3). This interaction 
must be stronger than the former because of its electronic nature. Such 
a model involves specific structures at the enzyme interaction regions, 
the so-called FR and OR. The OR interacts with NZ by means of a strong 
bond (dative covalent, hydrogen bonding, etc. ). The FR must have a 
delocalized structure to match the electronic singularities of the inhibitor 
indole fragment. Some kind of conformational change is involved in the 
enzyme itself in order to bind adequately to the inhibitor. 


Such a model adequately explains the competitive inhibition of 
tryptamine and probably of other aromatic cerebral amines. Tryptamine 
has an indole structure that can form a complex with the enzyme FR in 
a similar mode to P-carboline. Also, the tryptamine side chain can take 
a suitable conformation facing the nitrogen of the amino group to the 
enzyme OR (Fig. 4). In such a conformation, the nitrogen atom reacts, 
breaking the C-N bond and initiating the oxidative degradation that 
inactivates the amine. After the oxidation, the complex between the in- 
dole fragment and the FR region opens again, releasing the inactivated 
product. 


The inhibitory 8-carboline behavior can be explained as the result of 
a mimetic mechanism forming the same bonds with the same enzymatic 
regions; the difference is that 8-carboline cannot be oxidized because of 
the stability of its delocalized electronic structure. If such a model works, 
the competition for the formation of the complex with the enzyme and, 
consequently, the inhibitory activity are due to the more stable complexes 
formed by 8-carbolines with the enzyme FR than by tryptarnine. Thus, 
the tryptamine-FR complex stability is estimated using Eq. 22, with the 
electronic indexes corresponding to the indole group of tryptamine 
(Tables 111 and IV). A value of 3.15 X 106 liters/mole was found for the 
equilibrium constant in the reaction tryptamine + FR(enzyme) z 
complex. 


This value is similar to those found for @-carbolines (Table 11). From 
Table 11, it can be seen that the greatest inhibitory activity belongs to the 
greatest difference between the estimated equilibrium constants of B- 
carboline and tryptamine. Such a result sustains the model proposed. 


APPENDIX 


The analysis of variance of Eq. 22 gives F9.3 = 208.53, giving a very high 
significance for this equation ( p  < 0.0005). The t-test values of the 
coefficients of Eq. 22 are shown in Table V. All of them are significant 
(significance limits of 95-99.996); consequently, the corresponding indexes 
influence the values of pIs0 and K,. 


The introduction or elimination of any other index decreases sub- 
stantially the regression equation significance level. 


Finally, the regression equation referring to the @-carboline benzene 
ring atoms, together with their most important statistical parameters, 
are: 


PISO = 33.991 t 31.452 Sp’ t 8.732 Q6 
+ 16.228 Sy’ + 97.778 Q7 - 28.030 S&) t 14.143 8 1 3  


- 30.809 Sg“ t 172.652 Sk’ t 133.849 Q i 2  (Eq. Al! 


with RSD = 0.100, R = 0.995, M S D  = 0.028, F9.3 = 37.12, and p < 0.01. 
The equation of regression and the statistical parameters for the atoms 
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of the pyrrole fragment are: 


p160 = 105.773 + 503.033 Sp’ + 27.992 Qe 
- 183.106 SpJ + 8.801 Q L ~  - 62.903 SE’ - 176.198 811 


- 46.928 Q12 - 63.207 810 (Eq. A2) 


with R S D  = 0.10, R = 0.994, M S D  = 0.028, Fs.4 = 41.67, and p < 0.005. 
These correlations are poorer than the one found for the indole group. 
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Abstract 0 Series of 1 -(4-biphenylyl)-l-hydroxy-2-aminoethanes and 
1-(4-biphenylyI)-l-chloro-2-aminoethanes were synthesized. Newly 
developed reaction conditions for aryl aminomethyl ketone reduction 
and reductive alkylation, using sodium borohydride. are described. The 
prepared compounds were examined for adrenergic blocking activity on 
an anesthetized dog blood pressure preparation and on isolated toad 
hearts. [j-Adrenergic blockade was investigated using isoproterenol as 
the agonist. The benzylamino and cyclohexylamino analogs exhibited 


marked b-adrencweptor blocking activity, for which the latter derivatives 
were more potent. 


Keyphrases 0 P- Adrenergic blocking activity-biphenyl derivatives, 
synthesis, structure-activity relationships 0 Biphenyl derivatives, var- 
ious-synthesized, evaluated for P-adrenergic blocking activity, struc- 
ture-activity relationships 0 Structure-activity relationships-biphenyl 
derivatives, P-adrenergic blocking activity 


Optimum 8-adrenoceptor blockade occurs when 1- 
phenyl-1-hydroxy-2-aminoethane structures (I) bear 
certain substituents a t  the phenyl4- or 3,4-position and 
an isopropyl grouping on the amine head (1). 1-(3,4- 
Dichlorophenyl)-l-hydroxy-2-isopropylaminoethane (2) 
(II), l-(2-naphthyl)-l-hydroxy-2-isopropylaminoethane 


(pronethalol) (3, 4) (III), and 1-(4-nitrophenyI)-l-hy- 
droxy-2-isopropylaminoethane (5) (IV) are well-known 
examples. 
In uitro hydrolysis of 1 -aryl-1-chloro-2-aminoethanes 


to 1-aryl-1-hydroxy-2-aminoethanes was used to prepare 
a series of 1-chloro-2-aminoethanes related to I11 (6, 7). 
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Abstract o A study was conducted to prepare and evaluate an ethiodized 
oil emulsion for intravenous administration that would selectively opacify 
the liver. Several formulations with differing globule size were prepared 
and compared for their in uiuo activity (degree of liver opacification ob- 
tained) and stability. Results of studies conducted in rabbits and monkeys 
revealed that the oil globules that concentrate most in liver were 2.0-3.0 
jm in diameter. The formulation of choice was stable for 6 months at  
refrigeration temperature (24O). In monkeys, this formulation produced 
an improved diagnostic image of the liver usingcomputerized tomography 
a t  a dose of 0.2 ml/kg. The potential use of such emulsions in diagnostic 
radiology is briefly discussed. 


Keyphrases Ethiodized oil-various emulsions for intravenous ad- 
ministration prepared, effect of oil globule size on liver opacification in 
rabbits and monkeys Radiopaque media--ethiodized oil, various 
emulsions for intravenous administration prepared, effect of oil globule 
size on liver opacification in rabbits and monkeys 0 Hepatography, in- 
travenous-various emulsions of ethiodized oil prepared, effect of oil 
globule size on liver opacification in rabbits and monkeys 


There have been numerous previous attempts to opacify 
the liver and spleen by intravenously administered con- 
trast material. As early as 1930, Keith and Briggs (1) used 
intravenously injected emulsified oil to opacify the liver 
and spleen in rats. Degkwitz (2) produced an iodine-con- 
taining oily contrast material’ (I), which was used in clin- 
ical studies (3) following experiments in animals. 


Experimental work (4) with I in mice, rabbits, and 
guinea pigs indicated that intravenous injection did opa- 
cify the spleen, liver, and placenta. This same contrast 
material was used in nine patients but was too toxic for 
routine clinical examinations (5). Emulsified ethyl diio- 
dostearate was injected in 10 patients, most of whom had 
severe toxic reactions (6 ) .  Experimental work (7) in dogs 
used emulsified oily contrast medium of ethiodized oil2. 
The  average globule size of the emulsion (7) was 0.3 pm, 
and it opacified the liver and spleen. 


Recently, two experimental emulsified forms of iodized 


Jodsol. 
Ethidol,  indinated ester of poppyseed oil. itdine content 3716 (w/v), is routinely 


used for lymphography; SnvaEe Laboratories, Houston, TX 77036. 


oil3, IIa and IIb, were produced. Their basic difference was 
the average globule size of the emulsion, IIa (emulsion 
grossiere) having the larger globule size and IIb (emulsion 
fine) the smaller. Emulsion IIb, mode diameter of 1.3 pm 
(range 0.16-7 pm), was used intravenously in two clinical 
studies (8,9), but up to 75% of the patients had disturbing 
reactions such as fever, chill, anorexia, nausea, vomiting, 
and a 10-20% drop in platelet counts. These reactions 
appeared to be dose related and almost constant above the 
1.2-ml/kg dose level. In another study (10) with 32 rhesus 
monkeys, a 2.O-ml/kg iv dose of the same emulsion pro- 
duced an opacified diagnostic image of the liver and spleen 
on X-ray examination. 


A recent revolutionary discovery in diagnostic roent- 
genology, computerized tomography (CT), with its im- 
proved contrast resolution, raised hopes that a fraction of 
the previously utilized dose would opacify the liver suffi- 
ciently for diagnostic evaluation without undesirable side 
effects. With this new equipment, Vermess et al. (11) 
opacified the liver and demonstrated carcinogen-induced 
hepatic tumor in the rhesus monkey with an intravenous 
dose as low as 0.1-0.2 ml of IIblkg. 


The possible use of such small doses in human subjects 
renewed interest in the ethiodized oil emulsion for clinical 
hepatography. Unfortunately, IIb was no longer available. 
Therefore, a study was initiated to  prepare an ethiodized 
oil emulsion for intravenous hepatography. In addition, 
since none of the mentioned reports attempted to correlate 
the size of the oil globules with the opacifying ability and 
since no quantitative data related the dose to the density 
of the liver scans, a more systematic study of the subject 
appeared to  be warranted. 


The size of the oil globules is of primary importance in 
the opacification of the various tissues, in accordance with 
Degkwitz’s theory that different tissues absorb oil globules 
of different sizes (2). This fact compounded the problem 


IIa is AG-52-315 and I lh  is AC 60-99 Lipidol [IF, Laboratoires Andre Guerbet, 
Aulnay sur Bois, France. 
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of making the emulsion; aside from the usual safety 
problems associated with intravenous emulsions (12,131, 
the globule size needed to be within a narrow range so that 
maximum selective opacification of the liver could be ob- 
tained. 


Various intravenous emulsions of different globule sizes 
were prepared and tested in rabbits and monkeys. Since 
such emulsions lose their effectiveness with age (10,141, 
probably due to the instability of the emulsion, studies also 
were conducted to determine the stability and the repro- 
ducibility of various emulsion formulations with respect 
to globule size, distribution, and retention of in uiuo ac- 
tivity. The feasibility of preparing a sterile emulsion also 
was investigated. 


EXPERIMENTAL 


Materials and Equipment-Water for injection4, ethiodized oil2, 
polysorbate 805, sorbitan monooleate5, phosphatidyl choline6, and par- 
ticle-free electrolyte solution7 were used as received. All other chemicals 
were reagent grade. 


An alcoholic extract of lecithin was prepared as follows. About 200 ml 
of absolute ethanol was added to 50 g of soy lecithin-refined8, and the 
mixture was stirred for 20 min and filtered through a fine muslin and then 
through a filter papers. The remaining slurry and filters were rinsed with 
enough alcohol to give a final volume of 200 ml of filtrate. When analyzed 
for solid content (by drying in a steam bath to constant weight), each 
milliliter of the extract was found to contain 45 mg of solids. 


Emulsions were prepared using a homogenizerlo, and their globule size 
was evaluated using an electronic counterll. Computerized tomographic 
scans for liver were performed with a computerized body scanner12. 


Preparation of Emulsions-In each emulsion, the contents of four 
10-ml ampuls of ethiodized oil (total volume of 40 ml, 53 g) were emul- 
sified and brought to a total volume of 100 ml. Thus, the emulsions con- 
tained 53% (w/v) of ethiodized oil, equivalent to approximately 0.2 g of 
iodine/ml of emulsion. Emulsions were prepared by dissolving water- 
soluble ingredients and emulsifiers in water and oil-soluble emulsifiers 
in oil. The alcoholic extract of lecithin, when required in the formulation, 
was also added to the oil phase. 


Each phase was heated separately, with mechanical stirring, to 60'. 
The oil phase was then poured slowly into the stirring aqueous phase. 
Stirring was continued for 3 min to form the primary oil-in-water emul- 
sion. The volume of the mixture was adjusted to 100 ml with water, and 
the mixture was then poured into a 500-ml homogenizer flask and milled 
a t  specific speed settings (medium, medium high, or high) for a specified 
time. The rotor shaft of the homogenizer contained two sharp propeller 
blades, each 3 cm long and 1.5 cm apart a t  an angle of 30' to each other. 
The lower blade was fixed a t  the extreme end of the shaft and adjusted 
to 6 mm above the bottom surface of the homogenizing flask. 


Sterile emulsions were prepared by passing each phase through sterile 
0.22-pm filtersI3 into sterile flasks and carrying out the remaining pro- 
cedures (as already described) using the aseptic technique and sterile 
equipment and supplies where needed. The emulsions were then asept- 
ically transferred to sterile 50-ml multiple-dose vials, which were stop- 
pered with sterile rubber closures and crimped with aluminum caps. The 
vials were stored a t  room and refrigeration (2-6') temperatures. 


Experimental Evaluation In Vitro-Gross Obseruation-Each 
emulsion was periodically checked visually for sedimentation, viscosity 
changes, and redispersibility of layers. 


Microscopic Observation-Approximately 0.5 ml of a well-shaken 
emulsion was diluted with 20 ml of distilled water and again mixed well. 


One drop of this dilution was placed on a microscope slide and observed 
a t  X1125 magnification. A grid attachment (1.8 pm/grid square) in the 
ocular lens was used to measure globule size. 


In general, a good emulsification resulted in a maximum number of 
globules in the 1-3-pm size range. Particular attention was given to the 
number of globules above 5 pm (diameter) or to any unusual or undis- 
solved particles. 


Electronic Counter Analysis-The electronic counter was used for 
quantitating the globule size of the emulsions. To prepare samples for 
analysis, the emulsions were diluted to a 1:40,000 concentration by first 
taking 50 pl of an emulsion and then diluting i t  with 2 ml of electrolyte 
solution'. A 20-pl aliquot of this dilution was further diluted to 20 ml with 
electrolyte solution7 in a disposable, particle-free, plastic beakerl4. Counts 
were then performed using a 30-pm apperture tube and a 50-pl sampling 
volume, which generally contained from 80,OOO to 100,OOO globules above 
0.75 pm in diameter. 


The counter was calibrated with 2.02-pm monosized, polystyrene 
bead@. Counts representing the number of globules above a specified 
diameter were obtained16. The count between any size range was calcu- 
lated by the difference between the cumulative counts above the ex- 
tremes. The average volume of the globules in a given size range was 
calculated by the geometric mean of the extremes of the range. Globules 
below 0.75 pm in diameter were not considered in calculations or evalu- 
ation because they were thought to be unimportant in opacifying the liver 
and because the total volume of this range would not significantly con- 
tribute to error in the volume calculations of the larger globules (the 
contribution of d3  factor decreases rapidly as diameter, d ,  decreases). 
Both the number and volume distribution of the oil globules in the 
emulsions were calculated. 


A potential source of error with this counting procedure should be 
discussed. During the counting, i t  appeared that counts for globules larger 
than 2.0 pm decreased with time (in the diluted emulsion) whereas counts 
for particles around 1.0 and 1.5 pm remained relatively constant. This 
result is contrary to the general behavior of emulsions, which, after 
dilution with saline solutions, usually give higher counts of larger globules, 
apparently due to coalescence of smaller globules (15,16). No explanation 
is apparent for the unusual behavior of ethiodized oil emulsion diluted 
in electrolyte solution. T o  minimize this error, the counts were taken as 
quickly as possible after mixing, starting from the largest size (7 pm) and 
working down to  the 1-pm level. All data presented are the average of a t  
least three runs. 


Experimental  Evaluation la Vivo-The in uiuo evaluation of the 
emulsions was performed in three stages. Not all emulsions were exam- 
ined a t  all three stages; many were eliminated at  the first- or second-stage 
level. 


First-Stage Experiments-First-stage experiments were done with 
groups of four New Zealand White rabbits, 1.0-3.3 kg. Following the 
cannulation of an ear vein, the animals were lightly anesthetized with a 
2% solution of thiamylal sodium. The initial dose was 1 ml/kg; additional 
small doses were administered as required to keep the animal under light 
anesthesia. A 2-ml/kg dose of the experimental emulsion was then in- 
jected through the same venipuncture, with the injection rate approxi- 
mately 1 ml/min. 


Prior to the intravenous injection of the emulsion, a preliminary ab- 
dominal radiograph was obtained on each animal. Following the com- 
pletion of the injection, additional X-rays were obtained a t  0.5,1,1.5,2, 
and 3 hr. The increase of the opacity of the livers and spleens was then 
visually compared, and the effectiveness of the emulsion was evaluated 
on the basis of the comparison. 


Second-Stage Experiments-New Zealand White rabbits were again 
utilized in groups of four. The preliminary anesthesia was performed as 
in Stage I. Three of the four rabbits received 0.5 ml/kg of the test emul- 
sions uia the intravenous cannula, with the injection rate the same as in 
Stage I. One rabbit in the group was used as a control and injected with 
0.5 ml of normal salinehg. Following the injection, the animals were kept 
under light anesthesia for 1 hr and then sacrificed bv rapid intravenous 
injection of thiamylal sodium until the cessation-of iespiration and 
heartbeat. 


The dead animals were refrigerated for 2 hr, after which computerized 
tomographic scans of the livers and, occasionally, the spleens were ob- 


computerized body scanner12 utilizing the 25.4-cm scanning circle and 


4 Abbott Laboratories, North Chicago, Ill. 
5 Atlas Chemical Industries, Wilmington, Del. 
6 Phospholipon-80, containing 80% phosphatidyl choline, American Lecithin 


Co. Atlanta, Ca. 


nostics, Hialeah, Fla. 
4 11, conducting fluid for Coulter Counter measurements, Coulter Diag- tained. The computerized tomographic scans were performed with a 


8 ICN Pharmaceuticals, Cleveland, Ohio. 
9 No. 2, Whatman, C!ifton, N.J. 


10 Homogenizer 45, Virtrs Research Equipment, Gardiner, N.Y. 
11 Model B. Coulter Electronics, Hialeah, Fla. 
'2 Model EM1 5005, Electric and Musical Industries, Northbrook, Ill. 
13 Millipore Corp., Redford, Mass. 


14 Accuvette 11. Coulter Diagnostics, Hialeah, Fla. 
15 Coulter Electronics, Hialeah, Fla. 
16 Corrected for coincidence as directed in the instrument manual. 
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Table I-Formulation of Emulsions 
Rmul- Mix 
sion Emulsifier/100 ml Speed" Comments 


Medium 
monooleate, 1.5 g 


Medium 
monooleate, 0.75 g high 


Medium 
high 


Medium 
high 


Ill 


IV 


V 


VI 


IIb 


Polysorbate 80,4.5 g, and sorbitan 


Polysorbate 80.2.25 g, and sorbitan 


Alcoholic extract of lecithinb, I0 ml 


Lecithin in ethanol, 3.0g/10 ml 


Lecithin, 3 g, and polyoxyl40 stearate, 


Opacified spleen hut did not significantly opacify liver; average globule size 
smallest of all emulsions and least efl'ective 


Opacified liver well hut not as well as V and V1 


Most effective of all emulsions in liver opacification, reproducibility, and clarity 


Opacified as well as V hut not as reproducible 


Unavailable commercial product, used for comparison purposes 
1.28 


T h e  mix time was 3 min for Emulsions 111-VI. Extract from 2.5 g of lecithin; representing 0.45 g of extracted solids. 


a 


b 


C 


Figure 1-Radiographs of rhesus monkey livers before (a), I hr (h) ,  and 
48 hr (c) after the intravenous injrction of 2 ml of Emulsion V/kg. Notc 
marked increase in the density of liver and spleen after I hr and almost 
complete clearancr of  the contrast material 48 hr af ter  the injection. 


80-sec scanning time. The slice thickness of the scans was 13 mm, and 
the scans were performed a t  I-cm distances. The number of slices nec- 
essary to obtain proper visualization of the liver parenchyma varied ac- 
cording to the size of the livers. The densities of the livers and, occa- 
sionally, the spleens were measured both visually on the measure mode 
and hy the computer-generated mean attenuation value of a selected 
homogeneous area of the liver on the independent viewing console. 


Third-Stage Experiments-These experiments were conducted on 
three female and two male normal rhesus monkeys, 3-6 kg. The animals 
were sedated and anesthetized as described previously (11). T o  prevent 
respiratory motion during the 80-sec exposure of the computerized to- 
mographic scanning, the animals were intuhated and connected to a 
respirator. Spontaneous respiration was eliminated by intravenous ad- 
ministration of 3 mg of tubocurarine chloride. Preliminary scans of the 
liver and, occasionally, the spleen were obtained utilizing the equipment 
and technique described in Stage 11. 


Following the preliminary scans, 0.2 ml of the experimental emul- 
sion/kg was slowly injected (over approximately 1 min) into a peripheral 
vein. Thirty minutes after completion of the injection, the scans of the 
liver were repeated. In most experiments, the animals were also rescanned 
60 min after the injection. 


The density of the livers was measured on preliminary, 30-, and 60-min 
scans, as described in the Stage I1 experiments, both visually and by the 
computer-generated mean attenuation expressed in EM1 Units (EU) on 
the 500 scale. The increases in the density of the livers after 30 and 60 min 
were compared to the preliminary scan and evaluated. 
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b 


Figure $-Computerized tomographic images of rhesus monkey livers 
before (a) and 1 hr after (b)  the intravenous injection of 0.2 ml of 
Emulsion Vlkg .  Computer-generated density measurements indicated 
an increase in liver attenuation by 21 EMI Units. 


RESULTS AND DISCUSSION 


The success of Emulsion IIb in opacifying the liver (10) prompted ef- 
forts to formulate a similar emulsion. With the same formulation (3% 
purified soy lecithin and 1.2% polyoxyl40 stearate as emulsifier), initial 
attempts were made to prepare an emulsion with a maximum number 
of globules around 1.3 pm in diameter. However, considerable difficulty 
was encountered during preparation of the emulsion. The lecithin was 
not completely soluble, even in hot (60') ethiodized oil, and, more im- 
portant, the resulting emulsion contained large spongy masses (8-10 pm) 
that could not be filtered through a 5-pm stainless steel filter. Therefore, 
several different procedures were attempted. 


Table I lists the formulations and procedures used in preparation of 
five emulsions along with their relative in vivo results. The data on 
Emulsion IIb are included for comparison. However, at  the time of in uiuo 
testing, IIb was at  least 1 year old and was not representative of the true 
potency of a freshly prepared compound. 


Emulsion 111 (Table I) was prepared using the formulation of Hom et 
at. (17). This emulsion, when examined under a microscope, revealed that 
most of the globules were around 1 pm in diameter; a few were between 
1.5-2.0 pm, and very few were above 2 pm. Emulsion 111, at a dose of 2.0 
ml/kg, was tested in rabbits by the conventional radiographic technique 
and showed only minimal opacification of the liver. An emulsion with a 
globule size smaller than that of Emulsion I11 also opacified the liver 
poorly. Therefore, an emulsion with a larger globule size was investi- 
gated. 


Emulsion IV was made with the same polysorbate 80-sorbitan 


monooleate emulsifier combination as Emulsion 111, but a smaller amount 
of emulsifier was used (Table I). On microscopic observation, Emulsion 
IV showed a good number of globules in the 1.5-2.0-pm range and very 
few above the 3-5-pm range. Although Emulsion IV opacified the liver 
in rabbits, it was somewhat less effective than IIb. Thus, this emulsion 
showed promise and probably could have been improved further by 
changing the emulsifier concentration to increase the globule size. 
However, work on these emulsifier combinations was discontinued be- 
cause of the lack of toxicity data on their intravenous use in humans. 


The use of lecithin was investigated once again. To eliminate the major 
problem of spongy masses observed with refined soy lecithin, the lecithin 
was purified further by extraction in ethanol. When the alcoholic extract 
was used along with the addition of enough alcohol to make the final al- 
cohol concentration 10% (v/v) in the emulsion, it no longer contained 
spongy masses and appeared clean under the microscope. Therefore, 
variations of the formulation were examined by changing the emulsifier 
concentration or stirring speed, which resulted in the preparation of 
Emulsion V (Table I). 


Emulsion V, at doses of 2.0 ml/kg for conventional X-ray and 0.2 d / k g  
for computerized tomography, produced denser liver scans than Emul- 
sions 111 and IV. Microscopic observation of Emulsion V revealed that 
the globule sizes were generally larger than those in Emulsions I11 and 
IV, and a large number of globules were in the 2-pm range. A further in- 
crease in the size of the globules in Emulsion V (obtained by changing 
the stirring speed or homogenizing time) resulted in an emulsion that gave 
unsatisfactory liver scans. 


Since Emulsion V was made using an alcoholic extract of soy lecithin, 
it was thought that a purer commercial extract of lecithin, used without 
further processing, would give a more reproducible emulsion. Therefore, 
various alcohol-soluble lecithins containing various amounts of phos- 
phatidyl choline were evaluated. Phosphatidyl choline 8W6 was studied 
most because of its high alcohol solubility. Emulsion VI (Table I), pre- 
pared with 3% (w/v) phosphatidyl choline, resulted in globule sizes that 
were larger than those of Emulsion V, but a good number of globules were 
in the 2-2.5-pm range. However, relatively fewer globules were below 1.5 
pm and more globules were larger than 3 pm compared to Emulsions 
111-v. 


The potency of Emulsion VI in opacifying the liver was comparable 
to that of Emulsion V. However, during the preparation of Emulsion VI, 
the temperature of the oil and water phases had to be very strictly ad- 
hered to (otherwise the primary emulsion gelled), and the procedure did 
not prove to be reproducible. Furthermore, the concentration of the 
emulsifier in Emulsion VI was much higher than that in Emulsion V (3% 
compared to 0.45% in Emulsion V), and attempts to reduce it resulted 
in an even poorer emulsion. Therefore, Emulsion V was chosen for toxicity 
and clinical studies. 


Animal StudiegFigure 1 shows the successive stages of opacification 
of liver using Emulsion V in conventional X-ray radiography. Maximum 
opacification was reached in about 1 hr. Other emulsions (Emulsions 
IV-VI and IIb) behaved qualitatively the same way, although their scan 
density was different. The ability of Emulsion V to opacify the liver a t  
a dose of 0.2 ml/kg in monkeys when analyzed by computerized tomog- 
raphy is shown in Fig. 2 and concurs with previous reports (11). This dose 
is only one-tenth of the previously used doses (2.0 ml/kg) and should 
reduce the potential toxicity problems associated with ethiodized oil 
emulsion. Detailed toxicological studies of Emulsion V are being con- 
ducted on rats and primates17. 


Stability of Emulsions-Emulsions IV-VI after storage a t  4-8O for 
6 months showed slight flocculent sedimentation, which rapidly redis- 
persed on mild shaking. The emulsions did not show any significant 
changes in globule size distribution or hepatographic potency when tested 
in animals during this storage period. The stability of these emulsions 
a t  room temperature also appeared to be similar; but based on experiences 
with storage of other intravenous lipid emulsions, storage at  refrigeration 
temperatures is recommended. Freezing broke the emulsion and should 
be avoided. 


Sterilization of Emulsions V and VI by autoclaving in the final con- 
tainer was attempted. Autoclaving for 15 min a t  121' or for 3.5 min a t  
132O was tried. In both cases, emulsions were completely broken. 
Emulsion VI could not be redispersed on shaking. Emulsion V was 
redispersed on shaking, but redispersed Emulsion V showed large glob- 
ules (up to 30 pm in diameter) along with smaller globules (1-4 pm). 
Therefore, sterilization by autoclaving was judged to be unsuccessful. 


Toxicity studies at Hazelton Laboratories, Vienna, VA 22180, carried out on 
rats showed the LDm at 15.6 ml/kg. 
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Table 11-Globule Size Distribution of Emulsions 
Emulsion I11 Emulsion IV Emulsion V Emulsion VI Emulsion IIb 


Number, Volume, Number, Volume, Number, Volume, Number, Volume, Number, Volume, 
Size Range, pm % % % % % % % % % % 


0.75-1.0 59.77 28.1 41.67 10.73 46.94 6.03 31.09 2.62 31.43 2.31 
1.0-1.5 33.92 45.1 34.61 25.21 24.9 9.05 28.75 6.86 26.96 5.61 
1.5-2.0 5.69 21.4 18.08 37.24 11.91 12.24 17.2 11.6 15.6 9.2 
2.0-2.5 0.5 3.8 2.2 9.6 7.0 15.5 9.8 14.3 10.8 13.7 
2.5-3.0 0.1 1.6 1.4 11.2 4.5 18.2 6.3 16.7 6.2 14.5 
3.0-4.0 - - 0.3 5.1 3.4 28.4 5.4 29.3 6.9 32.3 
4.0-5.0 - - 0.03 1.1 0.5 9.0 1.4 16.2 1.9 19.6 
5.0-7.0 - - - - 0.03 1.6 0.08 2.4 0.12 2.7 


Relative density <40 47 57 56 50 
of liver scans" 


0 In rahhits a t  a dose of 0.5 ml/kg using computerized tomography; density of conti 


All hatches were made using aseptic techniques and were found to be 
sterile and pyrogen free. 


Correlation of Globule Size and Density of Liver Scans-Table 
I1 shows the globule size distribution, both by number and volume (mass), 
of various emulsions along with the results of their in U ~ U O  testing. Since 
only the volume of the oil absorbed in the liver affects the degree of 
opacification, the density of liver scans was correlated with the volume 
distribution and not the number distribution of the globules. The size 
range of less than 1.5 pm was ruled out completely because Emulsion 111, 
which contained the highest amount of oil in this range, was relatively 
inactive. Likewise, the size range of 1.5-2.0 pm was ruled out because, 
although Emulsion IV contained 37.2% oil of this size, it opacified the liver 
poorly as compared to Emulsions V, VI, and IIb, which all contained far 
less oil in this range. Size above 3.0 fim was also ruled out because IIb, 
which contained the highest amount of oil in this range, opacified the liver 
less than Emulsions V and VI. 


I t  appeared, therefore, that opacification of the liver was related to the 
amount of the oil in the 2.0-3.0-pm range. Also, there was a direct rank- 
order correlation between the volume of the oil in the 2.0-3.0-pm size 
range and the density of the liver scans (Table 11). Another indication 
of the importance of the 2-3-pm size range was observed when Emulsion 
IV, after being stored a t  room temperature for several months, opacified 
the liver better than when freshly prepared and had a potency comparable 
to Emulsions V and VI. A globule size analysis of the aged Emulsion IV 
showed that globules had generally increased in size and that 32% (v/v) 
of the oil was now in the 2.0-3.0-pm range (compared to 20.7% in fresh 
Emulsion IV, Tahle 11). Therefore, it can be assumed that the increased 
potency of the aged Emulsion IV was due to an increase in the volume 
of the oil in the 2.0-3.0-pm range. 


A correlation of the density of the liver scans with the volume fraction 
of the oil in a particular size range has been shown to he very important. 
Therefore, to prepare the best emulsion, the formulator should attempt 
to prepare emulsions such that most of the oil globules are in the specific 
size range needed, rather than homogenizing the emulsion to a globule 
size less the 1 pm as has often been done (7,17,18). As seen from Table 
11, only about a third of the oil in Emulsion V was in the 2.0-3.0-pm range. 
Since the liver appears to take up oil globules preferentially between 2.0 
and 9.0 pm, if an emulsion could he prepared in which all the oil was in 
this range, it might be possible to reduce the emulsion dose to perhaps 
one-third and still deposit the same amount of iodinated oil in the liver. 
Such a preparation would have an added advantage of sparing other 


.ol animal was 32. Numhers expressed in EM1 Units (EU) on the 500 scale. 


tissues from unnecessary exposure to iodinated oil. 
The results of the present investigation indicate that at  least one organ, 


the liver, has preference regarding the size of the oil globules i t  absorbs. 
If similar specificity exists for other tissues and organs, it would be pos- 
sible to prepare emulsions of different globule size that preferentially 
opacify a particular organ or tissue. Work is in progress to prepare 
emulsions with a more uniform globule size and to test this hypothe- 
sis. 
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Abstract  0 A sensitive and specific GLC determination of plasma bu- 
cainide was developed using a nitrogen-specific detector. The method 
permits the determination of bucainide as low as 5.0 ng/ml of plasma and 
provides sufficient sensitivity and reproducibility for clinical use. 


Keyphrases a GLC-bucainide, analysis in plasma 0 Bucainide-GLC 
analysis in plasma 0 Antiarrhythmic-bucainide, GLC analysis in 
plasma 


Bucainide maleatel (I), 1-(N-isobuty1)benzimidoyl- 
4-(N-hexyl)piperazine dimaleate, is a novel, potent anti- 
arrhythmic agent. The antiarrhythmic effect was dem- 
onstrated in the following animal models: mouse chloro- 
form-induced ventricular arrhythmias, refractory period 
prolongation in guinea pig isolated atria, aconitine-induced 
atrial arrhythmias in the dog, ventricular arrhythmias 
following coronary artery ligation in the dog, and oua- 
bain-induced ventricular tachyarrhythmias in the dog (1). 
The drug also possesses local anesthetic effects and is a 
weak central nervous system depressant*. 


The development of a reliable, specific, and sensitive 
determination of bucainide in plasma was initiated to 
support clinical and related studies. Recent advances in 
GLC detector technology indicated that a nitrogen-specific 
detector would be feasible. The use of a nitrogen-specific 
detector for the determination of imipramine and des- 
ipramine (2), cocaine (3), and theophylline (4) in biological 
fluids was reported. Bucainide, due to the three nitrogen 
atoms on the molecule, appeared to be a promising can- 
didate for this mode of detection. 


EXPERIMENTAL 


CLC-The gas chromatograph3 was equipped with a nitrogen-phos- 
phorus detector (NPD). A 1.8-m X 0.2-cm i.d. glass column was packed 
with 3% phenyl methyl silicone fluid coated on acid-washed, dimethyl- 
chloroeilane-treated (80-100-mesh) diatomite support4. Retention times 
and peak areas were measured by a single-channel computing inte- 
grator6. 


The gas chromatograph was run in the isothermal mode at  a column 
temperature of 240O. The flow rate of the carrier gas (helium) was 40 
ml/min, while the detector gases were set a t  100 ml/min for air and 3 
ml/min for hydrogen. 


The standing current of the detector was calibrated daily by adjust- 


.2C4H404 


[ @~-N-N--ICHMH, n 


N -CH,CH(CH.J? 
I 


I Synthesized by the Medicinal Chemistry Department, USV Pharmaceutical 
Corp.. Tuckahoe, NY 10707; purity was certified by the Analytical Research and 
Development Department. * J. S. Shroff and P. Cervoni, a er presented at  the Second Joint Conference 
of the Chemical Institute of C a n a f J  American ’ Chemical Society. Montreal, Canada, 
Ma 1977. 


{Perkin-Elmer Corp., Norwalk, C T  06582. ’ OV-17 on Supelcoport, Su,pelco. Inc., Bellefonte. PA 16823 
Minigrator. Spectra-Physics, Piscataway, NJ 08854. 


ment of the potentiometer so that a 50% full-scale response was obtained 
on the recorder a t  an attenuation setting of 64 on the integrator. 


Reagents and  Materials-Hexane, acetone, n-butyl chloride, and 
2-propanol were “distilled-in-glass” grade6. The aqueous solution of 
saturated sodium bicarbonate was filtered7 before use. 
N1-Hexyl-N4-benzoylpiperazine maleatel (11) was selected as the in- 


ternal standard. Oxalated dog plasma8. which was kept frozen in poly- 
propylene containers, was employed for standard curves. 


All glassware was kept in chromic acid overnight. After cleaning, the 
glassware was rinsed with acetone prior to use. 


Procedure-Aliquots of 7.5, 15,:30,60,90, 120, and 150 pl ofbucainide 
maleate aqueous stock solution (equivalent to 14.8 ng/lO pi as base) were 
added to 2.0 ml of control dog plasma samples i n  15-mI polytef-lined 
screw-capped tubes. In addition, an aliquot of50 M I  of the internal stan- 
dard aqueous stock solution (equivalent to 14.1 ng/10 M I  as hase) was 
added to each tube. These samples were used t o  generate a standard 
curve. An equal aliquot of the internal standard solution was added to 
all unknown samples. 


After an addition of 2.0 ml of saturated sodium bicarbonate solution 
to each plasma sample, bucainide was extracted with 5.0 ml of n-butyl 
chloride-2-propanol (9O:lO v/v) by shaking a t  120 oscillations/min for 
15 min on a reciprocating shakers. The organic phase was transferred to 
a second extraction tube containing 5.0 ml of hexane. Bucainide was then 
extracted with 1 ml of 0.1 M H2S04. The addition of hexane to lower the 
solvent polarity of the organic phase enhanced the extraction of hucainide 
into acid. 


After the solution was alkalinized with 3.0 ml of saturated sodium hi- 
carbonate solution, the drug was back-extracted into 5.0 ml of n-butyl 
chloride-2-propanol (9O:lO v/v). The organic extract was evaporated1(’ 
to dryness under nitrogen a t  30°, and the residue was redissolved with 
25 p1 of acetone by vigorous vortexing. To avoid evaporation, the sample 
was kept on ice prior to GLC analysis, which used an aliquot of 5.0 PI. 


RESULTS AND DISCUSSION 


Solvent Extraction-The extractibility o f  bucainide and I1  as a 
function of pH was studied in separate experiments with n-butyl chlo- 
ride-2-propanol (9010 v/v) as the solvent. Bucainide. together with n -  
dososane” as an internal standard, was spiked into pH 6,‘i. 8.9. 10. 11, 
and 12 buffers. The organic extracts were evaporated to dryness and 
redissolved in acetone before detection by flame ionization. The results 
showed that after an initial increase from pH 6 to 7, nu significant increase 
in hucainide extraction was observed between pH 7 and 12. Similarly, 
I1  was found equally extractible over the pH 6-12 ranye. 


The extraction efficiency of bucainide with 11 as the internal standard 
was studied by comparing the relative areas of the extracted spiked 
plasma samples with those of the unextracted reference standards. A n  
average of 98.5% recovery was observed for the range of‘7.5--111.8 nghd  
of plasma. 


Plasma Standard Curves--E’igure 1 is a typical chromatogram o f  n 
spiked plasma sample used for the standard curve. The petik at 150 sec 
represents 66.6 ng/ml of bucainide, whereas the peak at 210 sec represents 
35.3 ng/ml of the internal standard. 


Four plasma standard curves for the range of 5.6--111.0 ng/ml were 
analyzed over 3 weeks (Table I). The standard error was 9.1% for 5.6 
ng/ml and 1.8% for 111.0 ng/ml. The composite standard curve was de- 
termined by regression analysis, the equation 01 which was: .Y = 0.01445~ 
t 0.05788, where y represents the relative areas o f  bucainide to I1  and 
x is the hucainide concentration in nanograms per milliliter. 


~~ ~ 


Hurdick (Lr Jackson Laboratories. MuskPgoii. MI . I 9 9  I:! 
‘Type HA filter of0.45 pm. Millipore (‘orp., Hrdtortl, MA 017XI 
a Pel Freez Biologicals, Rogers. AH 7 5 5 6 .  
9 Arthur H. Thomas Co..  Philadelphia, PA 1!~105. 


10 Orxanomation Associates. Shrewstiurv. MA 01545. 
11 Applied Science Laboratories. State College. PA IIiXOl 
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0 2 4 6 
MINUTES 


Figure I-Chromatogram of a control dog plasma sample, which was 
spiked with the bucainide reference standard and the internal standard. 
The  peaks at 150 and 210sec represent 66.6 ng of bucainide and X5.3 ng 
o f  I l lml of plasma, resprctiue1.y 


The standard curve was linear for the range studied ( r  = 0.986). 
Specificity-To study the possible interference due to endogenous 


materials in the plasma, plasma samples of four different subjects from 
a clinical study were extracted as already described and anakyzed without 
addition of the internal standard under the established GLC conditions. 
The samples represent either predose plasma blanks or samples at  various 
time intervals from subjects receiving a placebo. No interference peaks 
a t  the retention times of bucainide or I1 were observed. 


Similarly, another set of plasma samples from a multiple-dose clinical 
study was analyzed by the same procedure without the internal standard. 
These samples were obtained after the fourth intravenous dose of 50 mg 
a t  10 min and 1.3, and 6 hr. None of these samples showed any interfer- 
ence peaks at  the I1 retention time. 


Subsequently, GLC-mass spectrometry’* was employed to substan- 
tiate further the absence of interference due to either unidentified me- 
tabolites or plasma endogenous materials coextracted and cochromato- 
graphed with bucainide or 11. A set of plasma samples from the same 
subject at  Oand 15 min and 1,2. and 3 hr after the fourth intravenousdose 
was spiked with the internal standard and extracted as described. The 


l 2  Chemical-ionization mass spectra were ohtained using a Varian M A T  112 
G1.C -mass spectrometer interfaced t i )  a Varian MAT SS-IOOC data processing 
system, Varian MAT. Plorham Park. Nd 07812. 


Table  I-Composite Plasma S tanda rd  Curve 
~~ ~ 


Plasma 
Concentration, 


nglml 
Mean Relative 


Area f SE SE, % 


5.6 
11.1 
22.2 
44.4 
66.6 
88.8 


111.0 


0.11 f 0.01 
0.23 f 0.02 
0.42 f 0.03 
0.65 f 0.01 
1.03 f 0.04 
1.28 f 0.07 
1.70 f 0.03 


9.1 
8.7 
7.1 
1.5 
3.9 
5.5 
1.8 


a Composite o f  four standard curves, and each concentration point was deter- 
mined in duplicate; y = 0.01445~ + 0.05788 ( r  = 0.986). 


Table  11-Plasma Bucainide Levels for One Subject8 
Sample 
Time Dose 1 Dose 2 Dose3 Dose4 


- Predoseb 0.0 5.2 5.6 


10 min 49.5 - - 52.1 
“Zero”‘ 940.2 497.0 533.9 482.8 


20 min 34.8 - - 30.7 
1 hr 9.3 - - 27.6 
2 hr 10.2 - - 12.3 


0 Suh’ect received four intravenous dwes of 50 mg of bucainide at a dose interval 
of 4 hr. Predose samples were taken 10 min prior to dosing. Samples were taken 
immediately after a 2-min intravenous infusion of the drug. 


pooled extract was analyzed using chemical ionization with isobutane 
as the reactant gas. 


For each fraction, the chemical-ionization mass spectra showed a base 
peak a t  mle  330 and 275. corresponding to the expected protonated 
molecular ions, MH+, of bucainide and the internal standard. Minor 
peaks a t  mle 202 for bucainide and rnle 140 for the internal standard also 
were observed. These minor peaks were the breakdown products of the 
corresponding MH+ ions. These assignments were supported by the 
identical spectra of the respective unextracted reference standards. Based 
on these studies, the present method was specific for the determination 
of bucainide in plasma samples from controlled clinical studies when the 
subjects were free from other medication. 


Clinical Samples-A complete profile of the plasma bucainide levels 
of one subject from a multiple-dose clinical study is shown in Table 11. 
The subject received four intravenous doses of 50 mg a t  a dose interval 
of 4 hr. The predose levels of bucainide a t  Doses 2 and 3 were approxi- 
mately 5 ng/ml. The levels of the samples taken immediately after Doses 
1,2,3, and 4 were about 500-1000 ng/ml. 
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CO MMUNlCA TIONS 


Ticrynafen Effect on Warfarin Protein 
Binding in Human Serum 


Keyphrases 0 Ticrynafen-effect on warfarin protein binding, human 
serum Protein binding-warfarin to serum protein, effect of ticrynafen, 
humans 0 Warfarin-serum protein binding, effect of ticrynafen, hu- 
mans Antihypertensive agents-ticrynafen, effect on warfarin protein 
binding, human serum 0 Anticoagulants-warfarin, serum protein 
binding, effect of ticrynafen, humans 


To the Editor: 
Ticrynafen' [2,3-dichloro-4-(2-thienylcarbonyl)- 


phenoxyacetic acid] is a new antihypertensive, diuretic, 
and uricosuric agent (1). About 99.5% of this weak acid is 
bound to human serum proteins in the therapeutic drug 
concentration range (2). Serious drug interactions between 
ticrynafen and the coumarin anticoagulants ethyl bis- 
coumacetate and acenocoumarol have been reported, with 
anticoagulant potentiation and hemorrhages (3-5). It has 
been suggested that these interactions resulted from 
anticoagulant displacement from serum protein binding 
sites by ticrynafen and that this might also occur with 
warfarin (2-5). 


We determined the ticrynafen effect on warfarin protein 
binding in human serum over a wide range of ticrynafen 
concentrations. Blood was obtained from two healthy adult 
male donors, serum was separated and pooled, and racemic 
I4C-warfarin (2 pglml) was added. Ticrynafen' was dis- 
solved in 50 p1 of ethanol, and pH 7.4 sodium phosphate 
buffer (0.134 M )  was added to yield 5 ml of solution con- 
taining 10-200 pg of ticrynafedml. Ticrynafen-free buffer 
solutions contained the same concentration of ethanol. 
Plasma containing warfarin was dialyzed at  37' to equi- 
librium against these solutions. Warfarin was then ex- 
tracted from both phases, separated from impurities and 
degradation products by TLC, and assayed by scintillation 
spectrometry as previously described (6,7).  


The results are shown in Table I. Warfarin, in the ab- 
sence of ticrynafen, was 99.288% bound (results of three 
dialysis experiments were 99.265, 99.297, and 99.301%). 
Ticrynafen (10-200 pg/ml) had no apparent effect on 
warfarin serum protein binding. Essentially identical re- 
sults were obtained when both warfarin and ticrynafen 
were added to serum (without ethanol), and these serums 
were dialyzed against buffer only. The warfarin concen- 
tration used in this study was in the upper therapeutic 
concentration range (8,9); the concentrations of ticrynafen 
ranged from therapeutic (-10-40 pg/ml) to far above 
therapeutic concentrations (1, 2). Since both drugs are 
extensively protein-bound weak acids, displacement ef- 
fects may occur at even higher concentrations of either 
compound or in diluted plasma or diluted albumin solu- 
tions. 


The results indicate that warfarin will not be signifi- 
cantly displaced from serum protein binding sites by ti- 
crynafen under the usual therapeutic conditions. They do 


1 SKP-62698. Selacryn. 
2 Supplied hy Smith Kline & French Lahoratoriex, Philadelphia, Pa 


Table I-Effect of Ticrynafen on Warfarin Protein Binding in 
Human Serum a 


Ticrynafen 
Concentration, Warfarin Free Warfarin Free 


r d m l  Fractionb X 100 Fraction Ratio' 


0 0.712 1 .oo 
10 0.688 0.97 
20 0.655 0.92 
30 0.710 1.00 
40 0.771 1.08 
50 0.695 0.98 
100 0.751 1.05 
200 0.725 1.02 


Mean of two or three determinations. 
O Determined by equilibrium dialysis a t  37O. Initial warfarin concentration was 


Free fraction divided by free 2 ag/ml. 
traction in the absence of ticrynafen. 


not rule out other interactions such as inhibition of war- 
farin metabolism, direct effects of ticrynafen on the blood 
coagulation process, and effects of ticrynafen metabo- 
lites. 
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Comparison of Antineoplastic Activity of 
Aminoethylaminoanthraquinones and  
Anthracycline Antibiotics 


Keyphrases 0 Antineoplastic activity-aminoethylaminoanthraqui- 
nones, doxorubicin, daunorubicin, and cardiotoxicity a Antineoplastic 
agents-aminoethylaminoanthraquinones, doxorubicin, daunorubicin, 
and cardiotoxicity 0 Aminoethylaminoanthraquinones-antineoplastic 
activity and cardiotoxicity, compared to doxorubicin and daunorubicin 
0 Cardiotoxicity-evaluated, aminoethylaminoanthraquinones, doxo- 
rubicin, daunorubicin 


To the Editor: 
The anthracycline antibiotics doxorubicin and dauno- 


rubicin are among the most important antineoplastic 
agents studied in recent years. Both antibiotics demon- 
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Effect of Hydroxyl Group Substituents on Pyran Ring on 
Hydrolysis Rate of Benzoates: 2-Tetrahydropyranyl Benzoate 


0.05- 


0.04- 


0.03- 


0.02- 


0.01- 
0.009- 


$ 0.008- 


Yo 0.007- 


0.906- 


0.005- 


3.004- 


0.003- 


0.002- 


ANWAR HUSSAINx and JAMES TRUELOVE 
Received April 7,1978, from the College of Pharmacy, University of Kentucky, Lexington, K Y  40506. 
1978. 


Accepted for publication June 22, 


~ ~ ~ ~ ~~~ 


Abstract The hydrolysis of 2-tetrahydropyranyl benzoate was followed 
spectrophotometrically a t  240 nm and was first order with respect to the 
compound, independent of pH, and very sensitive to solvent polarity and 
had an isotope effect ( k ~ ~ ~ / k ~ f l )  near unity. The pH-independent hy- 
drolysis rate was about 1 X 106 times faster than that of the corresponding 
glucosyl benzoate. The results suggest that the presence of hydroxyl 
groups on the pyran ring has tremendous effect on the hydrolysis rate 
of these compounds. 


Keyphrases 0 Hydrolysis kinetics-2-tetrahydropyranyl benzoate, 
effect of pH 0 Kinetics, hydrolysis-2-tetrahydropyranyl benzoate, effect 
of pH 2-Tetrahydropyranyl benzoate-hydrolysis kinetics, effect of 
PH 


Various enzyme-catalyzed glycosyl transfer reactions 
are thought to involve intermediate formation of an acyl 
linkage (1). Brown and Bruice (2) showed that the hy- 
drolysis of glucosyl benzoate (I) is catalyzed by hydrogen 
and hydroxide ion and at  pH 4 and 25'. The I hydrolysis 
rate was 4.4 X 10-8 sec-'. 


In view of the importance of the acyl linkage in enzy- 
matic reactions and of the possible utility of such linkage 


I I I I I 
10 20 30 40 50 


SECONDS 


Figure 1-Semilog plot of A, - At versus time for the hydrolysis of 
2-tetrahydropyranyl benzoate. 
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as a blocking group for carboxylic acids (3), the hydrolysis 
kinetics of 2-tetrahydropyranyl benzoate (11) were studied 
over a wide pH range. The data indicate that the presence 
of hydroxyl groups on the tetrahydropyran ring has a 
dramatic effect on the hydrolysis rate of these com- 
pounds. 


EXPERIMENTAL 


Syntheses of 11-Compound I1 was prepared according to the fol- 
lowing procedure. To 3.0 g of benzoic acid in 50 ml of freshly distilled 


I 
I 1 


0.015 0.020 


Figure 2-Plot of log kobs for the hydrolysis of 2-tetrahydropyranyl 
benzoate versus the reciprocal of the dielectric constant of the solution 


1 l e  


[log kobs = -(199.?It) + 1.1641. 
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Table I-Half-Lives for  I1 Hydrolysis at 25’ and Ionic Strength 
of 0.1 


2.04 11.8 
3.05 15.5 
4.00 16.0 
5.23 16.2 
6.28 16.0 
8.80 16.2 


10.25 16.8 
12.00 16.8 


a Each half-life is an average of four determinations. 


Table 11-Effect of Buffer Concentration on the 11 Hydrolysis 
Rate  at 25” and Ionic Strength of 0.7 


Total Acetate Total 
Buffer, Phosphate 


pH 4.6, M t 1/20, sec Buffer, M t 1 / z U ,  sec 


0.01 15.8 0.01 15.8 
0.05 15.8 - 
0.20 15.9 0.2 16.0 


- 


0 Each half-life is an average of three determinations. 


Table 111-Dependency of First-Order Constants for  11 
Hydrolysis on the Dielectric Constant of the Solution 


Dielectric 
Dioxane. % Constant, t 


0 
5 


10 
25 


78.6 
74 
70 
56.3 


50 34.3 


dihydropyran’, 10 ml of 0.4%p-toluenesulfonic acid in benzene and 30 
ml of freshly distilled dihydropyran were added. The reaction mixture 
was stirred a t  room temperature for 3 hr. At the completion of the reac- 
tion, the remaining p-toluenesulfonic acid was neutralized with 1 
equivalent of pyridine. The solvents were then removed at 40’ with a 
rotary evaporator, leaving a viscous liquid. 


The NMR spectra and the elemental analysis were consistent with the 
structure of 11; NMR (CDCI:$): 6 7.2s-8.30 (m, 5H, ArH), 6.30 (m, lH, 
2-CH), 3.10-4.23 (m, 2H, 6-CH2), and 1.0-2.2 (m, 6H, 3- ,  4-, and 5- 
CHd. 


Anal.-Calc. for C12H1403: C, 70.20; H, 6.38. Found: C, 72.15; H, 
6.30. 


The purity of the derivative also was determined spectrophotometri- 
cally and was found to be 99% when a known amount of the derivative 
was hydrolyzed to the parent compound a t  room temperature with 0.01 
N HCl and the concentration in solution was calculated from a standard 
Beer’s law plot. 


Kinetic Measurements-A stock solution containing 0.02 M I1 was 
prepared freshly in spectral grade dioxane. A 12-pl aliquot of this stock 
solution was placed in a 5-cm cell, and 12 ml of a buffer a t  the desired pH 
and an ionic strength of 0.1 was added. After rapid mixing, the appearance 
of benzoic acid was followed a t  240 nm with a recording spectropho- 
tometel.2. Buffer species and concentrations to obtain thedesired pH were 
similar to those employed by Garrett and Won (4). 


The effect of acetate and phosphate buffers on the I1  hydrolysis rate 
was determined a t  a constant ionic strength of 0.7. 


The effect of the dielectric constant on the I1 hydrolysis rate was de- 
termined in pH 6.28,O.Ol M phosphate buffer with an ionic strength of 


0 


A 


1 Aldrich Chemical Co. 
2 Cary 15. 


0.1. The dielectric constant of these solutions was varied by the addition 
of spectral grade dioxane to the aqueous buffer solutions (5). 


The hydrolysis rate of I1 also was determined in deuterium oxide and 
water containing 1 mg of anhydrous sodium carbonatehnl. 


RESULTS 


The hydrolysis rate of I1 to benzoic acid was first order with respect 
to the concentration of the compound over a wide pH range. Figure 1 
shows a typical semilog plot of ( A ,  - A t )  versus time. 


Table I illustrates the dependency of the hydrolysis rate of I1 on the 
solution pH. The hydrolysis rates were independent of the hydroxide-ion 
concentration. 


The rate constants for I1 hydrolysis were determined as a function of 
acetate and phosphate buffer concentrations (Table 11). The hydrolysis 
rate was independent of the buffer concentration. 


The effect of the dielectric constant on the I1 hydrolysis rate is reported 
in Table 111. Figure 2 shows a typical plot of the logarithms of these rate 
constants uersus the reciprocal of the dielectric constant lh (6). As is seen 
in Table 111 and Fig. 2, the I1 hydrolysis rates were influenced markedly 
by the dielectric constant of the medium. 


T o  determine the solvent kinetic isotope effect, the hydrolysis rate of 
I1 was determined in deuterium oxide and water containing 1 mg of an- 
hydrous sodium carbonate/ml. The ratio of the two rates of hydrolysis, 
kn20/kHfi ,  was 13. 


DISCUSSION 


Compound I hydrolyzes at a much slower rate than 11. For example, 
in the pH 3-5 range and a t  25O, I hydrolyzed by a factor of 2 X times 
slower than 11. Furthermore, the pH rate profile of I hydrolysis was 
characterized by three distinct regions: a hydrogen-ion-catalyzed region 
a t  low pH, a pH-independent region a t  pH 3-5, and a hydroxide-ion- 
catalyzed region at pH > 7, whereas the hydrolysis of I1 was independent 
of pH over a wide range (Table I). This result, coupled with the facts that 
the hydrolysis rate of I1 was markedly dependent on the dielectric con- 
stant of the medium (Table I11 and Fig. 2) and independent of the buffer 
concentration (Table 11) and that the ratio of kD20/kH20 was unity, 
strongly suggests that I1 hydrolysis proceeds by a classical s N 1  mecha- 
nism. The rate-limiting step in the hydrolysis reaction is probably the 
C-0 bond cleavage, as shown in Structure A. 


The hydrolysis of I in the pH-independent region was postulated (2) 
to proceed uia an s N 1  mechanism. In that case, the dramatic difference 
in the hydrolysis rate of the two compounds apparently is due to the 
differences in the stability and ease of formation of the carbonium-ion 
intermediate. This finding indicates that the presence of the hydroxyl 
group substituent on the pyran ring has a significant effect on the for- 
mation of the carbonium ion. 


Preliminary studies on the hydrolysis of esters of aspirin4 strongly 
suggest that  the number, as well as the position, of the hydroxyl group 
substituents on the pyran ring influences the cleavage rate of these 
compounds. 
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of the pyrrole fragment are: 


p160 = 105.773 + 503.033 Sp’ + 27.992 Qe 
- 183.106 SpJ + 8.801 Q L ~  - 62.903 SE’ - 176.198 811 


- 46.928 Q12 - 63.207 810 (Eq. A2) 


with R S D  = 0.10, R = 0.994, M S D  = 0.028, Fs.4 = 41.67, and p < 0.005. 
These correlations are poorer than the one found for the indole group. 
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New Biphenyl Derivatives 11: 
1- (4-Biphenylyl)-l-hydroxy-2-aminoethanes and 
l-(4-Biphenylyl)-l-chloro-2-aminoethanes as 
Potential P-Adrenoceptor Blocking Agents 
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Abstract 0 Series of 1 -(4-biphenylyl)-l-hydroxy-2-aminoethanes and 
1-(4-biphenylyI)-l-chloro-2-aminoethanes were synthesized. Newly 
developed reaction conditions for aryl aminomethyl ketone reduction 
and reductive alkylation, using sodium borohydride. are described. The 
prepared compounds were examined for adrenergic blocking activity on 
an anesthetized dog blood pressure preparation and on isolated toad 
hearts. [j-Adrenergic blockade was investigated using isoproterenol as 
the agonist. The benzylamino and cyclohexylamino analogs exhibited 


marked b-adrencweptor blocking activity, for which the latter derivatives 
were more potent. 


Keyphrases 0 P- Adrenergic blocking activity-biphenyl derivatives, 
synthesis, structure-activity relationships 0 Biphenyl derivatives, var- 
ious-synthesized, evaluated for P-adrenergic blocking activity, struc- 
ture-activity relationships 0 Structure-activity relationships-biphenyl 
derivatives, P-adrenergic blocking activity 


Optimum 8-adrenoceptor blockade occurs when 1- 
phenyl-1-hydroxy-2-aminoethane structures (I) bear 
certain substituents a t  the phenyl4- or 3,4-position and 
an isopropyl grouping on the amine head (1). 1-(3,4- 
Dichlorophenyl)-l-hydroxy-2-isopropylaminoethane (2) 
(II), l-(2-naphthyl)-l-hydroxy-2-isopropylaminoethane 


(pronethalol) (3, 4) (III), and 1-(4-nitrophenyI)-l-hy- 
droxy-2-isopropylaminoethane (5) (IV) are well-known 
examples. 
In uitro hydrolysis of 1 -aryl-1-chloro-2-aminoethanes 


to 1-aryl-1-hydroxy-2-aminoethanes was used to prepare 
a series of 1-chloro-2-aminoethanes related to I11 (6, 7). 
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R,*r,""" 


R2 
I: R, = R, = R, = H 


11: R ,  = R, = CI, R, = CH(CH,), 
111: R ,  and R, = parts  in naphthalene ring, R, = CH(CH,), 
IV: R, = NO,; R, = H, R, = CH(CH,), 


Their 0-adrenergic blockade was concordant with that 
given by their corresponding l-hydroxy-2-aminoethanes, 
thus proving the presumed in uiuo hydrolysis. P-Adren- 
ergic blockade studies on compounds possessing other 
phenyl or substituted phenyl groupings on the I aromatic 
function were unreported. Interest in new biphenyl de- 
rivatives (8) prompted the synthesis and subsequent 
pharmacological testing of some 1-biphenylyl-2-amino- 
ethane (V) derivatives. The present investigation describes 
the preparation and preliminary biological evaluation of 
l-(4-biphenylyl)-l-hydroxy-2-aminoethanes (VI) and their 
corresponding 1-chloro analogs (VII). 


RESULTS AND DISCUSSION 
Chemistry-Halohydrin amination and aminomethyl ketone re- 


duction and/or reductive alkylation using any previously reported con- 
ditions (9), were unreliable for production of VI. The present work is 
confined to the reduction and reductive alkylation approaches using 
sodium borohydride. In this respect, the observed differences in reac- 
tivities for the various aryl aminomethyl ketones is believed to result from 
a shift in the keto-enol equilibrium that should exist a t  pH 8 (Scheme 
I) and which might be due to the aromatic function resonance contribu- 
tion. 


The most pronounced effect was given by the biphenylyl radical; its 
aminomethyl ketone could exist almost entirely as the enol (X). The latter 
would be converted completely to the enolate anion (XI) a t  pH > 8, 
leading to decomposition demonstrated by a darkening in the solution 
color. The predominance of X a t  pH 8 was substantiated by primary 
aminomethyl ketone stability a t  such a pH and by the failure of 4-bi- 
phenylyl aminomethyl ketone hydrochloride (XIII) acetylation a t  pH 
> 8. 


These observations also were supported by the similarity in chemical 
behavior between derivatives of 2-aminophenol and X. The most im- 
portant properties were the ability of both groups to undergo diazotiza- 
tion (10) and to give the characteristic phenol ferric chloride test. The 
enol form of the secondary aminomethyl ketone derivative, 4-biphenylyl 
isopropylaminornethyl ketone (XVIa), solubilized in caustic alkali so- 
lutions without appreciable decomposition. Moreover, a stable enol form 
for the secondary amino derivative 4-biphenylyl anilinomethyl ketone 
(XVIb), namely 1-(4-biphenylyl)-l-hydroxy-2-anilinoethene (XVII), 
could be isolated. 


Sodium borohydride ketonic group reduction uia hydride-ion transfer 
followed by exchange with the hydroxylic solvent requires reactive 
borohydride anion production through sodium borohydride alkalinity 
(11). Such alkalinity ordinarily would not interfere with the reduction 
if the equilibrium (Scheme I) were shifted toward the keto form (IX); 
otherwise, an increase in the enol form (X) equilibrium shift would effect 
the conversion to the enolate anion (XI), resulting in decomposition 
rather than reduction of the aminomethyl ketone. The latter effect was 
prominent with XI11 due to its relatively strong acidic enol form. 


T o  maintain the medium pH a t  = 8, polyhydroxy compounds, e g . .  
glycerol and mannitol, were incorporated into the reaction mixture. Their 
ability to react with the liberated boric acid from sodium borohydride 
produced stronger acids. The best reduction medium was methanol- 
glycerol-water. For reductive alkylation, the produced glyceroboric acid 


- 


~ ~ C H C H J H ,  I HCHzNHR 


2 
2 Y 


v 


could also catalyze the initial Schiff-base formation step with aldehydes 
or ketones. Water provided H+ and OH- ions necessary for the reaction. 
The described reductive alkylation procedure was applied successfully 
with aliphatic and aromatic aldehydes as well as with aliphatic and ali- 
cyclic ketones. 


The synthesis of VI and VII (Table I) is outlined in Scheme 11. The 
required 4-biphenylylaminomethyi ketones (XVI) were obtained by 4- 
biphenylylbromomethyl ketone amination (XII) (12). The primary 
aminomethyl ketone (XIII) key intermediate was prepared by reacting 
XI1 with hexamine in carbon tetrachloride followed by hydrolysis of the 
separated adduct. Treatment of a cooled aqueous XI11 suspension with 
acetic anhydride and sodium acetate afforded the 4-biphenylylacet- 
amidomethyl ketone (XIV). 


The unexpected strong liability for dehydration of XIV to 544-bi- 
phenylyl)-2-methyloxazole (XV) was seen upon treatment with alumi- 
num isopropoxide in isopropanol under the usual Meerwein- 
Ponndorf-Verley reduction conditions. Unequivocal synthesis of XV was 
achieved by refluxing a XIV solution in acetic anhydride. The described 
reduction and reductive alkylation processes were applied for the prep- 
aration of the different 1-(4-biphenylyl)-l-hydroxy-2-aminoethane (VI) 


Q% 0 NH, HCI GQ% 0 H? 


VIII IX 


'1 


0- 
XI 


I 
b H  
X 


decomposition 
Scheme I 


COCH,Br COCHINH,. HCI COCH,NHCOCH , 


SII 


1 
XI11 


XVI VII 


XIV 


I 


8 
XV 


Scheme II 


OH 
XVII 


VI: Z = O H  
VII:  z = CI 
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Table I-l-(4-Biphenylyl)-l-hydroxy-2-aminoethanes (VI) and 1-(4-Biphenylyl)-l-chlor0-2-aminoethanes (VII) 


Yield, Melting Analysis, % 
ComDound z R Method % Point" Formula Calc. Found  


Vla 


VIb 


Vlc 


Vld 


Vle 


VIf  


VIIa 


VIlb 


VIIC 


VIld 


VIIe 


VIIf 


OH 


OH 


OH 


OH 


OH 


OH 


c1 


CI 


CI 


CI 


CI 


CI 


C 


C, Dd 


Dg 


Dh 


DJ 


D' 


E 


E 


E 


E 


E 


E 


90 


89,84 


81 


72 


68 


74 


68 


73 


70 


65 


54 


78 


234-236O 
dec. 


200-202O 


223-225O 


212-214O 


245-247O 


245-247O 
dec. 


195- 196" 
dec. 


209-211' 


173-175O 
dec. 


170-172O 
dec. 


174-176O 
dec. 


199-20 1 O 


dec. 


C 67.3 
H 6.5 
CI 14.2 
N 5.6 
C 70.0 
H 7.6 
CI 12.2 
N 4.8 
C 70.7 
H 7.9 
CI 11.6 
N 4.6 
C 61.7 
H 6.9 


Br 22.8 


C N 74.2 4.0 
H 6.5 
CI 10.4 
N 4.1 
C 72.4 
H 7.9 
C1 10.7 
N 4.2 
C 62.7 
H 5.6 
CI 26.4 
N 5.2 
C 65.8 
H 6.8 
CI 22.9 
N 4.5 
C 66.7 
H 7.1 
CI 21.9 
N 4.3 
C 66.7 
H 7.1 
CI 21.9 
N 4.3 
C 70.4 
H 5.9 
C1 19.8 
N 3.9 
C 68.6 
H 7.2 
CI 20.2 
N 4.0 


67.2 
6.6 
14.2 
5.6 


69.9 
7.2 
12.4 
4.6 


70.4 
7.7 
11.2 
5.0 
61.7 
6.6 
23.2 
3.8 


74.4 
6.4 
10.6 
4.5 
72.0 
7.8 
10.5 
4.5 
62.3 
5.2 
26.4 
5.0 
65.9 
6.5 
23.1 
4.5 
67.0 
7.1 
22.2 
4.6 
66.6 
7.1 
22.2 
4.0 
70.2 
6.0 
20.2 
3.5 


68.4 
7.5 
19.9 
3.8 


Hecrystallization was done from methanol-ethyl acetate. * Hydrochloride. Lit. (16) mp 209-211' dec. Acetone was used. Admixture of the products obtained 
Methyl ethyl ketone was used. ' Hydrobromide. by Methods C and D showed no m e l t i n g r i n t  depression. Lit. (16) mp 175-177'. 8 Isobutyraldehyde was used 


I Henzaldehyde was used. Cyclohexyl. yclohexanone was used. 


from XI11 and XVIa. The 1-(4-biphenylyl)-l-chloro-2-aminoethanes 
(VII) were produced hy reacting the appropriate VI with thionyl chloride, 
either in chloroform or benzene (6). Structures were confirmed by IR and 
I'MK studies. 


Pharmacology-Compounds VIa-VIf and VIIa-VIIf were tested 
for cardiovascular activity on an anesthetized dog blood pressure prep- 
aration and isolated toad hearts. 8- Adrenoceptor blocking was investi- 
gated using isoproterenol as the agonist. 


For the anesthetized dog blood pressure method (13), anesthesia was 
induced by ether inhalation and was maintained by intravenous chlor- 
alose-urethan. The compounds were dissolved in water and injected into 
the femoral vein, and blood pressure was recorded from the carotid artery. 
The dose levels were 3 X mole/kg. Each biphen- 
ylylhydroxyaminoethane and its chloro analog (VIb and VIIb) gave the 
same type and magnitude of biological activity. No hypotensive effect 
was observed for the primary amine derivatives (VIa and VIIa). 


Table I1 compares the hypotensive effects obtained for VIb-VIf and 
VI16-VIIf. With the exception of the cyclohexylamino derivatives (VIf  
and Vllf), the hypotensive effects for all other N-substituted analogs 
(VIb-Vle and VIIb-VIIe) were not antagonized by pronethalol. On the 
other hand, they antagonized the epinephrine agonist effect in the order 
isopropylamino (VIb and VIIb) > benzylamino (VIe and VIIe) > sec- 
butylamino (VIc and VIlc) > isobutylamino (VId and VIId) deriva- 
tives. 


Compounds VIb and VIIb did not display any isoproterenol antago- 
nism. The other N-substituted analogs (VIc-VIf and VIIc-VIIf) ex- 


and 15 X 


hibited isoproterenol antagonism of the order cyclohexylamino (VIf and 
VIIf) > benzylamino (VIe and VIIe) >> sec-butylamino (VIc and VIIc) 
> isobutylamino (VId and VIld) derivatives. In all cases, gradual 
&blockade onset was observed. Table I1 indicates that VIb and VIIb 
might possess a-adrenoceptor blocking activity whereas VIe, V I f ,  VIIe, 
and VIIf revealed significant 8-adrenoceptor blockades. 


and 
3 x 10-4 mole/rnl. The experiments showed hypotensive effects for all 
tested compounds. This effect could not be blocked by atropine (3 X 
mole/ml) and thus indicated direct myocardial depression. Isoproterenol 
antagonism, i.e., @-blockade, was only exhibited by VIe and VIIe and Vlf 
and VIIf analogs. The most pronounced effect was produced by VIf and 
v I If. 


For the isolated toad heart method (14), the doses were 3 X 


EXPERIMENTAL' 


4-Biphenylylaminomethyl Ketone Hydrochloride (XII1)-A hot 
suspension of hexamine (9.8 g, 0.07 mole) in carbon tetrachloride (I00 
ml) was gradually added to a hot stirred XI1 solution (13.8 g, 0.05 mole) 
in carbon tetrachloride (50 ml). The reaction mixture was stirred for 1.5 


1 IR spectra were determined on a Ilnicam SP 200 spectrophotometer with Nujol 
mulls. PMR spectra were determined on a Perkin-Elmer R 12 spectrometer with 
tetramethylsilane as the internal standard. Melting points were determined in open 
glass capillaries and are uncorrected. Microanalyses were performed by the Mi- 
croanalytical Unit, Faculty of Science, University of Cairo, Cairo, Egypt. 
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Table 11-Comparison of t he  Hypotensive Effects of VIb-VIf 
and VII b-VIIP Ushg t he  Anesthetized Dog Blood Pressure 
Method 


Mean Percent Reductiond of Agonist Response f SE 
Compoundb.c Epinephrine6 Antagonism Isoproterenole Antagonism 


VIb 23.33 f 0.83 
Vlc 11.70 f 1.18 
VId 10.00 f 1.44 
VIe 13.33 f 0.83 


- 
21.70 f 1.67 
10.83 f 0.83 VIIC 


VIId 9.16 f 1.66 
VIIe 12.50 f 1.44 
VIIff - 


a' 
- 


10.83 f 0.94 
6.66 f 0.83 


49.33 f 2.24 
67.50 f 1.44 


10.00 f 1.03 
6.00 f 0.76 


47.50 f 1.44 
64.17 f 0.83 


- 


a Not anta onized by pronethalol (3  X 10-6 molekg).  * The dose used was 15 
x 10-4 molekg. Aqueous solutions were used. Average of three experiments. 
e The dose wa8 3 X 10-5 molekg. f The hypotensive effect was antagonized by 
pronethalvl (3  X rnole/kg). 


hr. I t  was then refluxed for 1 hr, cooled, diluted with acetone (50 ml), and 
filtered. The crude adduct, 4-biphenylylhexamethylene tetraammonium 
methyl ketone bromide, was triturated with cold ethanol, filtered, and 
dried in air. The yield was 17.5 g (84%), mp 162". 


Hydrolysis of the adduct (12.5 g, 0.03 mole) was affected by hrief 
heating on a water bath with ethanol (50 ml) and concentrated hydro- 
chloric acid (9 ml). The reaction mixture was treated with 10% HCl 
dropwise until turbidity appeared. It was then decolorized by boiling with 
charcoal, filtered, concentrated in UQCUO,  and left to crystallize. The 
product was recrystallized from 10% HCI to yield 5.6 g (74%) of product, 
mp > 300"; IR: 3000 (b, NH3+) and 1680 (C=O) cm-'. 


Anal.-Calc. for C14H14ClNO: C, 67.8; H, 5.7; CI, 14.4; N, 5.6. Found: 
C, 67.4; H, 5.8; CI, 14.0; N, 5.3. 


4-Biphenylylacetamidomethyl Ketone (X1V)-Acetic anhydride 
(3.1 g, 0.03 mole) was added, in one portion, to a XI11 suspension (3.7 g, 
0.015 mole) in water (25 ml) and crushed ice (50 9). The  mixture was 
treated dropwise, while being stirred, with a sodium acetate solution (5 
g, 0.06 mole) in water (20 ml) a t  a rate such that the temperature was not 
allowed to rise above 5O. The reaction mixture wasallowed to reach room 
temperature and was treated with 10% HCI (20 ml). 


The product was filtered, washed with water several times, dried, and 
recrystallized from benzene-petroleum ether (bp 4O76Oo). The yield was 
2.6 g (71%). mp 164-166' [lit. (15) mp 151.1; I R  3400 (NH), 1685 (C-O), 
and 1645, 1550, and 1295 (amide I, 11, and 111, respectively) cm-'. 


Anal.-Calc. for C16H15N02: C, 75.9; H, 6.0; N, 5.4. Found: C, 75.7; H, 
5.9; N, 5.3. 
5-(4-Biphenylyl)-2-methyloxazole (XV)-Method A-Under 


strictly anhydrous conditions, a stirred mixture of XIV (1.2 g, 0.005 mole) 
and an aluminum isopropoxide solution (1.5 g, 0.0075 mole) in dry iso- 
propanol (50 ml) was heated a t  90" in a 100-ml flat-bottom flask. The 
flask was fitted with a reflux air condenser and an upper distillation head, 
which was attached to a downside condenser connected to a water pump 
oia a buchner receiver. The reaction mixture was distilled slowly, at a rate 
not exceeding 7-10 drops/min at 40 mm Hg. No acetone was detected in 
the distillate collected during 1.5 hr. 


The residue was cooled, and the remaining complex was treated with 
crushed ice. The mixture was extracted with benzene, washed with water, 
dried over anhydrous sodium sulfate, and filtered; then the solvent was 
removed in uacuo. The product was recrystallized from benzene-petro- 
leum ether (bp 40-60") to yield 0.9 g (76%), mp 167'. 


Method R-A mixture of XIV (1.2 g, 0.005 mole) and acetic anhydride 
(20 g, 0.2 mole) was refluxed for 30 min. The reaction mixture was con- 
centrated in uacuo to a small volume and then treated with crushed ice. 
The medium was made alkaline with sodium carbonate, and the product 
was filtered, washed with water, dried, and recrystallized from ben- 
zene-petroleum ether (bp 40-60'). The yield was 0.95 g (80%), mp 
167'. 


Admixture of the products obtained by Methods A and B showed no 
melting-point depression; IR 1670 (C=N) and 1240 (aromatic C-0-C) 
cm-'. 


Anal.-Calc. for C16HlaNO: C, 81.7; H, 5.6; N, 6.0. Found: C, 82.0; H, 
5.2; N, 6.0. 


4-Biphenylylisopropylaminomethyl Ketone (XVla)  Hydro- 
chloride-A solution of isopropylamine (0.59 g, 0.01 mole) in carbon 
tetrachloride (20 mi) was gradually added, with stirring, to a solution of 
XI1 (2.8 g, 0.01 mole) in carbon tetrachloride (20 ml) a t  0". The stirring 


was maintained for an additional 2 hr. The reaction mixture was refluxed 
for 30 min, cooled, and extracted with 5 N NaOH. The alkaline extract 
was washed twice with benzene and made strongly acidic with concen- 
trated hydrochloric acid. The product was filtered, washed with acetone, 
and recrystallized from methanol+thyl acetate. The yield was 0.5 g (17%); 
IR: 2750 (NH2+) and 1680 (C=O) cm-'. 


Anal.-Calc. for C ~ T H ~ ~ C I N O :  C, 70.4; H, 6.9; CI, 12.2; N, 4.9. Found 
C, 70.2; H, 6.6; CI, 12.5; N,  4.5. 


4-Biphenylylanilinomethyl Ketone (XVIb) and  1-(4-Biphen- 
y1yl)- I-hydroxy-2-anilinoethene (XVI1)-A solution of aniline (0.93 
g, 0.01 mole) in carbon tetrachloride (20 ml) was gradually added, with 
stirring, to a solution of XI1 (2.8 g, 0.01 mole) in carbon tetrachloride (20 
ml) at  0". The stirring was maintained for an additional 2 hr. The reaction 
mixture was refluxed for 30 min, cooled, and shaken with 5 N NaOH (20 
ml). The carbon tetrachloride layer was washed twice with water and 
dried over anhydrous sodium sulfate, and the solvent was removed in 


The residue was boiled with methanol and filtered. From the metha- 
nolic extract, XVIb was crystallized out as colorless needles to yield 0.3 
g (lo%), mp 125-128O. The methanol-insoluhle fraction was recrystallized 
from acetone as bright-yellow flakes (XVII) to yield 2.1 g (7G%), rnp 
185-186O. The colorless XVIb changed to the yellow XVII within 84 hr 
at  room temperature; 1R (XVIb): 3390 ((2-0) cm-'; IR (XVII): 3410 
(NH) and 3100 (b, OH) cm-'; PMR (XVlI, CDC13): 6 4.60 (s, l H ,  OH), 
4.90 (b, lH ,  NH), 7.20 (m,  lH ,  CH), and 8.10 (m,  14H, aromatic) ppm. 


Anal.-Calc. for CzoH17NO: C, 83.6; H, 6.0; N, 4.9. Found: C, 83.3; H, 
6.1; N, 4.8. 


I-(l-Biphenylyl)-l-hydroxy-2-aminoethanes-Method C ( VIa 
and VIb)-Sodium borohydride (0.95 g, 0.025 mole) was added in por- 
tions during 1.5 hr to a Oo cooled and stirred mixture of the appropriate 
4-biphenylylaminomethyl ketone (XI11 and XVIa, 0.01 mole), glycerol 
(23 g, 0.25 mole), water (2 ml), and methanol (100 ml). Cooling and 
stirring were maintained for 3 hr, and the reaction mixture was stirred 
a t  room temperature for a further 15 hr. I t  was then treated with con- 
centrated hydrochloric acid dropwise until just acidic to litmus, con- 
centrated in uacuo, and made strongly alkaline with 5 N NaOH. The 
product was extracted with benzene, washed twice with water, dried over 
anhydrous sodium sulfate, and filtered. Dry hydrogen chloride gas was 
bubbled into the filtrate, and the separated salt was collected and re- 
crystallized. 


Method D (VIb-Vlf)-Sodium borohydride (1.4 g, 0.036 mole) was 
added in portions during 1.5 hr to a 0' cooled and stirred mixture of XI11 
(2.75 g, 0.01 mole), the proper aldehyde or ketone (0.1 mole), glycerol (33.2 
g, 0.36 mole), water (2 ml), and methanol (100 ml). The reaction mixture 
was worked up as detailed under Method C, and the appropriate salt was 
prepared in the usual manner and recrystallized; IR (VIa-VIn: 3350-3300 
(OH) and 2500-2400 (with several splits, NHz+) cm-*; P M R  (VIb, 
CDSOD-CDCI~): 6 1.35 (d, 6H, 2CH3 of isopropyl), 3.10 (m, 2H, meth- 
ylene), 3.40 (m,  lH, CH of isopropyl), 5.15 (m, lH,  CH), 6.85 (b, IH, OH), 
7.45 (m,  9H, aromatic), and 8.15 (b, lH,  NH) pprn. 


I-(4-Biphenylyl)-l-chloro-2-aminoethanes (VI1)-Method 
E-Thionyl chloride (2.4 g, 0.02 mole) was added dropwise to a stirred 
suspension of the proper VI (0.01 mole) in either chloroform or benzene 
(75 ml). The reaction mixture was refluxed for 1.5 hr, and the solvent was 
removed in uacuo. The residue was recrystallized. 


uacuo. 
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Abstract Modified USP procedures are described for the simultaneous 
determination of nonaspirin salicylates and aspirin in aspirin and buf- 
fered aspirin tablets. The existing USP procedures are not stability in- 
dicating for intact aspirin when significant levels of nonaspirin salicylates 
are present, as is often the case in short-term, high temperature stability 
programs. The modified procedures yield considerably shorter analysis 
times and stability-indicating assays for intact aspirin without the need 
for sophisticated equipment other than that presently required by USP 
XIX. 


Keyphrases 0 Aspirin-analysis, modified IJSP method, liquid chro- 
matography. spectrophotometry, stability, buffered and unbuffered 
tablets o Liquid chromatography-analysis, aspirin in buffered and 
unbuffered tablets, modified USP method, stability 0 Analgesics- 
aspirin, analysis, buffered and Unbuffered tablets, modified USP method, 
liquid chromatography, spectrciphotometry, stability 


The  USP methods (1) for the quantitative determina- 
tion of aspirin and nonaspirin salicylates in aspirin and 
buffered aspirin tablets are time consuming and nonspe- 
cific for evaluation of intact aspirin stability. The  aspirin 
assay is based mainly on the work of Levine (2). A sample 
preparation in chloroform is passed through a sodium bi- 
carbonate-treated, infusorial earth-packed column, which 
separates aspirin from tablet excipients. Following its 
elution, the aspirin is quantitated spectrophotometri- 
cally. 


Although the method is reliable for production control, 
its accuracy as a stability-indicating assay is questionable 
because it does not isolate aspirin from its degradation 
product salicylic acid. Since the bicarbonate column con- 
currently traps both aspirin and salicylic acid, the result 
of their simultaneous elution is a positive interference in 
the aspirin UV absorption a t  280 nm. 


Another weakness in the USP method is that separate 
procedures are required for the aspirin and nonaspirin 
salicylates assays; hence, the complete analysis of aspirin 
tablets is quite lengthy. The USP nonaspirin salicylates 
assay is based on several studies (3-7). A sample is tritu- 
rated in chloroform in the presence of citric acid mono- 
hydrate. Insoluble salts of aspirin or salicylic acid, if 
present, are converted to chloroform-extractable free acids 
by hydrochloric acid. Finally, the salicylic acid is separated 


from aspirin using an infusorial earth column treated with 
ferric chloride and urea, which complexes salicylic acid. 
The  salicylic acid is eluted and quantitated spectropho- 
tometrically. 


This paper reports a modified USP method that  si- 
multaneously determined aspirin and nonaspirin salicy- 
lates in aspirin and buffered aspirin dosage forms. Com- 
plexing the nonaspirin salicylates on a ferric chloride-urea 
infusorial earth column and collecting the intact aspirin 
eluate achieved effective separation. Aspirin in the eluate 
was determined spectrophotometrically. The complexed 
nonaspirin salicylates were eluted and likewise determined 
spectrophotometrically. The  results of this modification 
were a considerably shorter analysis time, a stability- 
indicating assay for aspirin, and a method that could be 
performed without sophisticated equipment other than 
that  already required by the USP. 


EXPERIMENTAL 


Reagents a n d  Chemicals-All chemicals and reagents were USP or 
ACS grade and were used without further purification. 


Aspirin Tablet  Assay-Chromatographic Column-A column was 
packed as described under the nonaspirin salicylates procedure in the 
IJSP. It was washed with a 25-ml portion of chloroform. 


Aspirin Standard Preparation-About 50 mg of USP aspirin reference 
standard, accurately weighed, was dissolved in glacial acetic acid-chlo- 
roform (1:99) and diluted to 50 ml in a volumetric flask. A 5.0-ml portion 
was transferred to a 100-ml volumetric flask containing 2.0 ml of meth- 
anol, diluted to volume with glecial acetic acid-chloroform, and 
mixed. 


Salicylic Acid Standard Preparation-A suitable, accurately weighed, 
quantity of salicylic acid was dissolved in chloroform to obtain a solution 
containing 30 pg of salicylic a c i d h l .  A 5.0-1111 portion was transferred 


Table  I-Recovery of Added Aspirin (50.00 mg) by USP 
Procedure 


Salicylic Acid Added, Aspirin Recovered, Recovery, 
mg mg % 


0.00 50.00 100.0 
0.75 50.35 100.7 
1.50 50.95 101.9 
2.25 51.50 103.0 
9.00 52.10 104.2 
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Abstract Six healthy volunteers received single 2- and 4-mg doses of 
lorazepam by 5-min intravenous infusion, in tablet form by mouth in the 
fasting state, and by deltoid intramuscular injection in a six-way crmsover 
study. A seventh subject received the 4-mg iv, PO, and im doses. Con- 
centrations of lorazepam and its glucuronide metabolite in multiple 
plasma samples and in all urine collected during 72 hr after each dose were 
determined by electron-capture GLC. Mean kinetic variables for intra- 
venous lorazepam after 2- and 4-mg doses, respectively, were: volume of 
distribution ( V d ) ,  1.14 and 1.30 liten/kg; elimination half-life ( t 1 / ~ ) ,  14.3 
and 14.6 hr; total clearance, 1.05 and 1.10 ml/min/kg; and cumulative 
urinary excretion of lorazepam glucuronide, 81.1 and 82.3% of the dose. 
With the possible exception of vd, all kinetic variables were dose inde- 
pendent. Following a lag time averaging 15-17 min, absorption of oral 
lorazepam was first order, with apparent absorption half-life ( t  l/za) values 
averaging 40 (2-mg dose) and 22 (4-mg dose) min. Absorption was 91-95% 
complete. No lag times were observed after intramuscular injection of 
lorazepam; absorption was first order, with t 11% values averaging 12 (2-mg 
dose) and 19 (4-mg dose) min. The completeness of absorption was 
83-100%. Absorption kinetics for both oral and intramuscular lorazepam 
were dose independent. Plasma t 1/26 for intact lorazepam was indepen- 
dent of dose and administration route. 


Keyphrases Lorazepam-pharmacokinetics and bioavailability in 
humans, various administration routes compared o Pharmacokinet- 
ics-lorazepam in humans, various administration routes compared 0 
Bioavailability-lorazepam in humans, various administration routes 
compared 0 Benzodiazepines-lorazepam, pharmacokinetics and bio- 
availability in humans, various administration routes compared 


Lorazepam (I, Scheme I), a 3-hydroxy-1,4-benzodiaze- 
pine derivative, is extensively used as a sedative and an- 
tianxiety agent (1,2).  Previous studies (3-8) investigated 
the disposition of lorazepam in humans following intra- 
venous, intramuscular, and oral administration to different 
groups of subjects. However, the effect of dose on lora- 
zepam pharmacokinetics and the absolute bioavailability 


I1 
Scheme I 


of extravascular modes of administration are not estab- 
lished. 


The present study assessed the pharmacokinetics of 
intravenous lorazepam at  two doses within the usual 
therapeutic range. Also assessed were the rate and com- 
pleteness of absorption of oral and intramuscular lora- 
zepam in the same subjects at two different dosage lev- 
els. 


EXPERIMENTAL 


Subjects-The seven healthy male and female volunteers' (Table 1) 
ranged in age from 23 to 31 years and were within 10% of ideal body 
weight. All subjects had normal hematologic profiles and laboratory 
screening tests2 and had no identifiable medical disease. They had no 
history of current or chronic psychotropic drug use. 


Procedure-The first six subjects received single doses (2 or 4 mg iv, 
PO, or im) of lorazepam on six occasions separated by a t  least 1 week. The 
seventh subject (EM) terminated participation after four trials; only data 
from the three 4-mg trials are included in the analysis. Table I shows the 
sequence of drug administration for each subject. 


For intravenous administration, 1 ml of injectable lorazepam solution, 
containing 2 or 4 mg dissolved in its customary solvent3, was diluted to 
50 ml with 5% dextrose in water. The dose was infused into an antecubital 
vein over 5 min using a constant-rate infusion pump. For intramuscular 
administration, 1 ml of injectable lorazepam, containing 2 or 4 mg, was 
administered as a single deltoid injection. Oral lorazepam was adminis- 
tered as one or two 2-mg tablets together with 100 ml of water following 
an overnight fast. 


Venous blood samples were drawn from an indwelling scalp vein can- 
nula or by separate venipuncture a t  the following times after the termi- 
nation of the intravenous infusion or the oral and intramuscular doses: 
0.25,0.5,0.75,1.0,1.5,2.0,2.5,3,4,6,8,12,18,24,30,36, and 48 hr. Fol- 
lowing intravenous administration, additional samples were drawn just 
a t  the termination of the infusion and a t  2 and 5 min postinfusion. All 
blood specimens were collected in heparinized vacuum tubes. 


All urine was collected for 72 hr after each dose in intervals divided as 
follows: 0-4,4-8,8-24,24-48, and 48-12 hr. 


Plasma samples and aliquots of all urine collections were stored a t  -20' 
until assayed. 


Analysis of Plasma and Urine-Concentrations of intact lorazepam 
in 1-ml samples of plasma and urine were determined by electron-capture 
GLC as described elsewhere (9). Urinary concentrations of lorazepam 
glucuronide (11, Scheme I), the major human metabolite of lorazepam, 
were likewise determined after enzymatic deconjugation with 8-glucu- 
ronidase. Oxazepam served as the internal standard for all analyses, and 
the two compounds were chromatographed without prior derivatization. 
The sensitivity of the method was 1-3 ng of lorazepam/ml of original 
sample. The variation of identical samples did not exceed 5%. 


Data Analysis-Postinfusion plasma lorazepam concentrations were 
analyzed by weighted iterative nonlinear least-squares regression analysis 
(10,l l) .  The iterative process was allowed to proceed until the conver- 
gence criteria were met or a total of 50 iterative steps was completed. 
Since concentration values generally spanned two log scales, each residual 
error, prior to squaring, was weighted by a factor equal to the reciprocal 


1 Written informed consent was obtained. 
2 SMA-PO. 
3 Containing 0.02 ml of benzyl alcohol and 0.18 ml of polyethylene glycol; volume 


adjusted to 1.0 ml with propylene glycol. 
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Table I-Characteristics of Subjects and Sequence of Lorazepam Administrations 


Age, Weight, Sequence of Trials (Dose and Route) 


J H  30 F 53.6 2 im 4 PO 2 iv 4 im 2 PO 4 iv 
JK 26 M 76.4 2 im 4 iv 2 PO 4 im 2 iv 4 PO 
HJP 25 M 79.5 2 PO 4 iv 2 im 4 im 4 PI, 2 iv 
DJG 31 M 69.5 2 im 4 iv 2 PO 4 im 2 iv 4 Po 
EO 29 F 65.9 " 2 PO 4 iv 2 im 4 PO 4 im 2 iv 
LW 27 F 53.6 2 Po 4 im 2 im 4 PO 4 iv 2 iv 
EM * 23 F 56.8 2 iv 4 DO 4 im 4 iv 


Subject years Sex kg 10 2 3 4 5 6 


* Trial number. This subject withdrew from the study after four trials; findings from the 2-mg iv trial were not included in the analysis. 


Table 11-Pharmaeokinetics of Intravenous Lorazepam a 


Projected Cumulative 
72-hr Excretion Half-Life Determined from Excretion of 


A UCo--, of Lorazepam Lorazepam Glucuronide Lorazepam 
V1, v d ,  t +,, t 1/28, Clearance, ng/ml X as Glucuronide, Excretion Rate ucrsus as Glucuronide, 


Subiect literskg literdkg min hr ml/min/kg hr % of dose Time. hr % of dose 


51- 64.9 
279.7 82.1 


J H  


HJP 
J K  


0.30 
0.12 
0.48 
0.28 


C - 


1.30 
1.13 
1.05 


1.4 
1.9 


10.4 


12.4 
8.4 
9.9 


24.9 


1.22 
1.56 
1.23 


14.1 
11.0 
16.6 
23.4 
16.8 
19.5 
16.9 


f1.7 


66.9 
83.3 
93.1 
72.9 
96.1 
74.2 
81.1 
f4.8 


341.1 87.7 
DJC 
EO 
LW 
Mean 
f S E  


1.11 
1.16 


1.1 
0.0 
1.3 
2.7 


0.52 
1.04 
0.74 
1.05 


924.4 63.2 
485.6 91.0 
836.0 67.5 
563.1 76.1 


~~ ~ 


12.8 
17.6 
14.3 


0.36 
0.30 


1.14 
1.14 


f0.03 f0.05 f1.6 f2.5 f0.15 f107.0 f5.0 


J H  0.94 1.43 18.9 14.0 1.18 lo?- 81.5 
JKd  0.51 1.25 2.0 12.6 1.15 760.4 78.7 
H J P  0.40 1.10 0.9 12.6 1.01 828.4 88.2 
DJG 1.15 1.24 12.0 22.0 0.65 1468.4 49.4 
EO 0.32 1.30 2.1 12.3 1.22 830.5 92.0 


14.8 85.0 
80.2 
91.8 


..- 


12.2 
14.6 
24.6 58.1 


95.2 
70.0 


14.2 
14.5 LW 0.66 1.21 27.9 18.0 0.78 1600.2 66.0 


EM 1.10 1.62 5.1 10.6 1.77 664.3 94.6 
Mean 0.72 1.30 9.8 14.6 1.10 1029.4 78.6 
f S E  f0.12 f0.06 f3.9 f1.5 *0.13 f138.4 66.1 


~~~ 


10.4 
15.1 


f1.7 


95.7 
82.3 
f5.3 


0 See text for explanatinn nf abbreviations. h Intermediate pi half-life of 0.49 hr following 2-mg dose. C Indeterminant V ,  due to large value of alpha. d Intermediate 
pi half-life of 0.37 hr fnllowing 4-mg dose. 


Table 111-Pharmacokinetics of Oral  LorazeDam a 


Half-Life Determined 


Lag Time, Concentration. Concentration, t1/2a, t l I 2 0 ~  Glucuronide Excretion 
Subject min ng/ml hr after dose min hr Rate u ~ r s u s  Time, hr 


Peak Time of Peak from Lorazepam 


JH 
.I K 


36.2 
21.5 
23.3 


%?@= 
2.5 
2.0 
6.0 


56.9 15.2 
50.2 9.3 
26.0 9.0 


13.4 
13.6 S.9 


16.2 
..- 
HJP 
DJG 
EO 
LW 


13.4 
38.3 
12.8 
16.2 
18.0 


f4.1 


h - 


12.5 
41.5 


26.0 
27.3 


- h 25.9 
60.2 18.6 
8.5 19.3 


40.4 16.2 
f 10.0 f2.6 


2.0 
1.5 


f0.73 
2.50 


w 
1.5 
2.5 


31.5 
27.6 
f2.2 


Mean 
f S E  


15.2 
67.1 


?I H 
tJ K 
HdP 


14.4 
0 


24.5 
26.5 
42.8 
0 


11.3  
17.1 


f5.8 


45.3 
47.5 
47.8 


1 .0 16.7 
44.1 14.0 
17.3 11.1 


15.2 
12.8 
14.8 


DJG 
EO 
I'W 
EM 


38.8 
44.2 
68.1 


1.5 
1.5 
2.0 
1 .0 
1.57 


f0.20 


31.4 
12.6 
14.9 
12.3 
16.3 


44.4 
48.0 
f3.5 


Mean 
fSE 


22.1 15.6 
f5 .3  f1.8 f 2 . 6  


" See text f<lr explanation of abbreviations. * Ahsorption pattern not consistent with a first-order process 


of that plasma concentration. Data points were fitted to the following 
function: 


c' = Ae-~kt + Re-dt (Eq. 1) 


where C is the plasma lorazepam concentration at time t after the end 
of the infusion; A and R are hybrid intercept terms that were subse- 
quently corrected for the infusion period (12); and (Y and !3 are hybrid 
exponents, representing apparent phases of drug distribution and 
elimination, respectively (6-8, 13-16). For two of the 13 subject trials, 


Eq. 1 did not explain the data adequately. Accordingly, the points were 
fitted to an equation of the following form: 


C = Ae-c~l + & - x t  + Re-i+l (Eq. 2) 


Use of this equation in these two cases considerably improved the quality 
of the f i t  and substantially reduced the residual error. 


Coefficients and exponents from the fitted function were used to cal- 
culate the following pharmacokinetic variables: volume of the central 
compartment (VI) ,  total apparent volume of distribution using the "area" 
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Figure I-Plasma lorazeparn concentrations and pharrnacokinetic 
functions for Subject JH. 
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method (vd), apparent distribution half-life ( t  1/2Jl apparent elimination 
half-life ( t  1/28), and total clearance (6-8,13-16). When appropriate, an 
intermediate “pi” half-life ( t  l/zr) also was calculated. Individual “micro” 
transfer and elimination rate constants corresponding to the two- or 
three-compartment open pharmacokinetic models were not determined 
since these constants are dependent on the ambiguous configuration of 
compartments within the model (17, 18). The micro rate constants can 
be calculated using the data presented under Results. 


The half-life also was determined from the slope of the terminal log- 
linear portion of a plot of the average urinary excretion rate (interval 
excretion divided by interval length) versus the midpoint of the collection 
interval. The amount of lorazepam glucuronide remaining to be excreted 
between 72 hr and “infinity” was determined as the quotient of the 
projected excretion rate at  72 hr and the apparent urinary excretion rate 
constant. This quantity was added to the 72-hr cumulative excretion to 
give the cumulative excretion of lorazepam glucuronide from time zero 
to infinity. 


Plasma lorazepam concentrations following extravascular modes of 
administration were analyzed by similar methods. Since concentration 
values generally spanned one log scale, the weighting factor for each re- 
sidual error prior to squaring was the reciprocal of the square root of the 
plasma concentration. Data points were fitted to each of the following 
two functions: 


0 ; O  6;O 12.0 18.0 24.0 30.0 36.0 4 i . O x . O  


0 : O  6:O 12.0 18.0 24.0 30.0 36.0 42.0 48.0 


i“ 
\. 


. . 
INTRAUUSCVLAR ‘. 


0:O 610 12.0 18.0 24.0 30.0 36.0 42.0 48.0 
flOURS AFTER DOSE 


Figure %-Plasma lorazepam concentrations and pharrnacokinetic 
functions for Subject EO. 


As in Eqs. 1 and 2, C is the plasma lorazepam concentration a t  time t after 
the dosage; A and B are hybrid intercept terms; 01 and Bare hybrid ex- 
ponents; and k ,  is the apparent first-order absorption rate constant, 
which was used to calculate the apparent first-order absorption half-life 
( t  1 ~ 2 ~ ) .  The constant k, serves as only an apparent rate constant and does 
not necessarily correspond to a microconstant associated with any par- 
ticular pharmacokinetic model (1s-18). 


In all subject trials, the choice between Eqs. 3 and 4 as function of best 
fit was determined by assessment of the randomness of scatter of actual 
data points about the fitted function and by comparison of the sum of 
squares of weighted residual errors (19). In most subject trials following 
oral lorazepam administration, Eqs. 3 and 4 required further modification 
by introduction of a lag time ( to) ,  which elapsed prior to the start of ab- 
sorption. 


The apparent systemic availability of oral and intramuscular lorazepam 
was determined using the following three variables: ( a )  the total area 
under the plasma lorazepam concentration-time curve from time zero 
to infinity ( A f J C 0 4 ,  calculated using the appropriate pharmacokinetic 
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Table  IV-Pharmacokinetics of In t ramuscular  Lorazepam a 


Peak Time of Peak Half-Life Determined from 
1.orazepam Glucuronide Concentration, Concentration, t 1/20? t 1/20> 


Subject ng/ml hr after dose min hr Excretion Rate uersus Time, hr 


.I H . ~ .  


JK 
HJl’ 
IIJG 
EO 
LW 
Mean 
f S E  


J H  
,I K 
HJI’ 
D.JC 
EO 
LW 
EM 
Mean 
fSE 


29.0 ~. 


26.7 
23.3 
24.3 
28.2 
29.4 
26.8 
f l .O  


58.6 
629  
34.3 
42.0 
16.3 
51.9 
36.2 
47.5 
f4 .1  


1 .o 
2.0 
1.0 
1.5 
1.0 
0.75 
1.20 


f0.18 


0.75 
1 .0 
0.75 
0.75 
1.5 
1.0 
2.5 
1.17 


f0.24 


-%? 14.3 
11.4 15.8 
15.0 
18.6 
9.6 


11.6 
23.3 
12.6 


12.6 16.8 
12.1 15.7 
f 1.8 f1 .7  


14.1 
12.4 28.2 


10.8 10.5 
17.4 25.6 
9.0 11.5 


-5i- 


13.0 
11.3 
14.5 
51.7 
15.7 
16.0 
17.0 
68.0 


13.7 
13.5 
14.6 
26.5 
13.5 
18.9 
12.3 
16.1 


f1 .9  
~~ 


a Sec. text  for explanation of at)bre\idtions 


Table V-Bioavailability of Ora l  Lorazepam 
Projected Cumulative 


72-hr Excretion of Excretion of 
AIICo .- Lorazepam as Glucuronide Lorazepam as Glucuronide 


Subject ng/ml X hr iv value dose iv value dose iv value 
% of 96 of % of Yo of 96 of 


96.1 Dose = 28m1 
JH 491.6 132.8 88.2 131.8 
.I K 307.4 109.9 50.9 62.0 52.5 63.0 
HJI’ 3 17.9 99.2 62.1 70.8 64.1 68.9 
DdG 905.7 98.0 59.2 93.7 82.4 119.0 
EO 467.1 96.2 812.4 90.5 8 4 5  87.9 
1.W .i37.7 64.3 .i6.6 83.9 59.9 80.6 
Mean 504.6 92.9 66.2 88.9 71.9 90.9 
fSE f88.9 f6.2 f5 .9  f 10.1 f6.1 f 10.9 


e l  H 898.3 93.7 80.5 94.7 
J K 664.4 87.4 101.2 128.6 104.1 129.8 
H.11’ 782.2 94.4 62.1 70.4 65.9 71.8 


1405.3 95.7 44.3 89.7 57.2 98.4 
EO 1,31.2 88.8 83.7 91 .0 85.7 90.0 
DJ(; 


I,W 1496.4 93.5 60.6 91.8 63.4 90.5 
EM 691.7 104.1 82.4 87.1 84.1 87.9 
Mean 953.6 92.7 73.0 93.2 77.3 94.7 
fSE f 13 1.8 f2 .4  f 7 . 1  f6 .6  f6.1 f6 .6  


8,i.2 


”‘ c , 


!unction; ( b )  the 72-hr urinary excretion of lorazepam glucuronide; and 
( c )  the projected cumulative excretion of lorazepam glucuronide (13-16, 
20). Each variahle was compared to the corresponding value following 
intravenous administration of the same dose to the same subject. 


Statistical methods included analysis of variance and the Student t 
test (21). 


RESULTS 


Intravenous 1,orazeparn-Suhjccliu~ Elfwts-Suhjective central 
nervous system (CNS)  effects appeared rapidly after the intravenous 
infusion and included drowsiness, ataxia, dysarthria. and loss of recall. 
These elfects abated gradually hetween 2 and 12 hr after dosage and had 
essentially disappeared 24 hr after dosage. No serious untoward conse- 
quences were encountered. The effects of the 2-mg dose were qualitatively 
similar but less intense and of shorter duration than those of the 4-mg 
dose. 


Pharmacokinttics-Disappearance of lorazepam from plasma was 
consistent with Eq. 1 in 11 subject trials and with Eq. 2 in the other two 
(Table 11). The initial distribution phase proceeded rapidly, with dis- 
trihution half-life values of less than 20 min in all but one subject trial. 
The apparent elimination half-life averaged 14-15 hr, and the total 
clearance averaged ahout 1.1 ml/min/kg. Mean total apparent volumes 
of distribution were slightly larger than hody weight. 


The 72-hr urinary excretion of‘ intact lorazepam did not exceed 0.5%) 
of the dose in any subject. In contrast, a mean of 76-79% of the dose was 
excreted as lorazepam glucuronide in 72 hr; the projected cumulative 
excretion of lorazepam glucuronide averaged more than 8G% of the dose. 
The half-life determined from the lorazepam glucuronide excretion rate 
ucrsus time data averaged 15-17 hr and was highly correlated with the 
apparent plasma elimination half-life of intact lorazepam for both the 
4- ( r  = 0.89) and 2- ( r  = 0.91) mg doses. 


Rased on the six sul)jects who received both doses of intravenous 
lorazepam, there was no significant difference between the two dosage 
levels in V1 (paired t = 0.97), t l p - < p  ( t  = 1.49), t 1/28 ( t  = 0.89), clearance 
( t  = 0.58), 72-hr and projected cumulative excretion of lorazepam glu- 
curonide ( t  = 0.02 and 0.231, and apparent excretion half-life of lorazepam 
glucuronide ( t  = 1.04). The apparent volume of distribution ( V d )  after 
the 4-mg dose was significantly larger ( t  = 7.01) than after the 2-mg dose, 
but the actual difference between the two mean values was small. Figures 
1 and 2 illustrate representative plasma lorazepam concentration-time 


Ora l  Lorazepam-Subjectiue Effects-Subjective CNS effects ap- 
peared within 2 hr of dosage and generally were maximal between 1 and 
4 hr after dosage, after which they gradually abated. Again, the intensity 
and duration of clinical manifestations were greater with the 4- than with 
the 2-mg dose. 


Pharmacokinetics-In 10 of the 13 subject trials, a lag time of 6-48 


curves. 
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Table VI-Bioavailability of Intramuscular Lorazepam 
Projected Cumulative 


72-hr Excretion of Excretion of 
A UCo-.. Lorazepam as Glucuronide Lorazepam as Glucuronide 


% of % of % of % of % of 
Subject ng/ml X hr iv value dose ' ivvalue dose iv value 


J H  
J K  
HJP 
DJG 
EO 
LW 
Mean 
1 S E  


J H  
J K  
HJP 
DJG 
EO 
LW 
EM 
Mean 
1 S E  


573.3 
404.0 
4 10.0 
840.5 
454.4 
717.3 
556.5 
f73.3 


1096.1 
756.9 
547.1 


1476.9 
757.1 


1413.2 
620.6 
952.6 


f143.0 


112.0 
144.4 
120.2 
90.9 
93.6 
85.8 


107.8 
19.1 


-0.1 
56.3 
82.2 
63.6 
77.4 
56.8 
67.7 
14.4 


100.6 46.5 
91.2 77.4 
88.3 
93.4 
91.9 
f4.8 


54.8 
72.2 
65.1 
f5.1 


108.0 
68.6 
93.7 


100.1 
85.1 
84.1 
90.0 
15.7 


72.0 
S7.1 
85.7 
82.7 
81.3 
61.6 
73.4 
14.9 


96.9 83.2 
66.6 53.7 
82.9 76.1 
93.9 56.2 
83.9 79.9 
83.0 59.7 
76.3 73.8 
83.4 68.9 
f3.9 f4 .6  


107.5 
68.6 
92.0 


113.5 
84.6 
83.0 
91.5 
f6.8 


97.9 
66.9 
82.9 
96.7 
83.9 
85.3 
77.1 
84.4 
f4.1 


min elapsed prior to the start of absorption (Table 111). With the excep- 
tion of Subject DJG following the 2-mg dose, absorption proceeded as 
an apparent first-order process, with absorption half-life values ranging 
from 8 to 60 min. In all but one case, peak lorazepam concentrations were 
reached within 2.5 hr after the dosage. 


There was a trend toward less rapid absorption of the 2- than of the 
4-mg dose. However, based on the sit suhjects who received both doses, 
differences between doses in time of peak concentration ( t  = 1.08) and 
in apparent absorption half-life ( t  = 0.66) did not reach significance. The 
apparent plasma elimination half-life of lorazepam and the half-life de- 
termined from lorazepam glucuronide rate versus time data were nearly 
identical between the two doses ( t  = 0.11 and 0.78, respectively). Rep- 
resentative plasma concentration curves are shown in Figs. 1 and 2. 


Intramuscular Lorazepam-Subjectiue Effects-Mild to moderate 
local discomfort associated with both intramuscular injections was re- 
ported by three of the seven subjects. The discomfort spontaneously 
resolved after the injection. In no case was severe pain described, nor were 
there any residual local complications. The onset of subjective effects was 
rapid, generally within 1 hr of the injection. 


Pharmacokinetics-Absorption of intramuscular lorazepam proceeded 
as a first-order process, with no apparent lag time, in all subjects (Table 
IV). The mean apparent absorption half-life averaged less than 20 min 
after both doses, and the peak concentration was reached an average of 
1.2 hr after injection (Figs. 1 and 2). There was no significant difference 
between the two dose levels either in the apparent absorption half-life 
( t  = 0.48) or in the time of peak concentration ( t  = 1.07). 


The apparent plasma elimination half-life of lorazepam and the half- 
life determined from the lorazepam glucoronide excretion rate uersus 
time data were similar to those observed following intravenous and oral 
dosage. Again, there was no significant difference between the two dose 
levels ( t  = 0.45 and 0.20, respectively). 


Bioavailability-Tables V and VI show the apparent systemic 
availability of oral and intramuscular lorazepam at both dose levels using 
all three measures of hioavailability. Systemic availability of the 2-mg 


Table VII-Bioavailability of Lorazepam: Two-way Analysis 
of Variance amonn Three Routes of Administration 


Bioavailahility Dose = 2 mg Dose = 4 mg 
Measure F d.f. D F d.f. D 


AIJCo fm 1.42 2, 10 0.29 2.20 2, 12 0.15 
72-hr excretion of 1.66 2, 10 0.24 2.92 2, 12 0.09 


lorazepam 
glucuronide 


excretion of 
lorazepam 
glucuronide 


Projected cumulative 1.14 2, 10 0.36 2.72 2, 12 0.11 


oral dose by all three measures averaged 89-93% of the intravenous value. 
The availability of the 4-mg oral dose averaged 93-95%. The bioavail- 
ability of the 2-mg im dose of lorazepam averaged 90-100%, while that  
of the 4-mg im dose averaged 84-9296 (Fig. 3). 


A two-way analysis of variance was used to assess differences among 
the three routes of administration in the three measures of systemic 
availahility (Table VII). For the 2-mg dose, none of the differences ap- 
proached significance. Differences were of borderline significance for the 
4-mg dose. 


Effect of Route on Lorazepam Elimination-The effect of route 
of administration on the apparent elimination half-life of intact lora- 
zepam from plasma and on the half-life determined from lorazepam 
glucuronide excretion rate was assessed a t  both dose levels using a two- 
way analysis of variance (Table VIII). The route of administration had 
no significant influence on either of these variables a t  either dose level 
(see also Fig. 4). 


DISCUSSION 


Distribution of lorazepam following intravenous infusion proceeded 
rapidly, with mean distribution half-life values of less than 10 min. This 
result is consistent with the prompt onset of clinical sedative effects 
following intravenous infusion observed in this and other studies (22-26). 
However, the present study was not designed to provide precise quanti- 
tation of the time course and intensity of CNS effects nor of the relation 
between subjective manifestations and pharmacokinetic variables. 


The apparent volume of distribution of lorazepam on the average was 
slightly larger than body weight, indicating moderately extensive tissue 
uptake. The apparent elimination half-life averaged 14-1s hr, similar 
to values reported previously (4-9). Consistent with earlier studies (5-9, 
27,28), conjugation to glucuronic acid appeared to be the major route of 
lorazepam clearance. A mean of 76-7% of the dose was recovered in the 
urine as lorazepam glucuronide during the 72 hr after drug administra- 
tion. The projected cumulative excretion of lorazepam glucuronide ex- 
ceeded 80% of the dose. In contrast, excretion of intact lorazepam did not 
exceed 0.5% of the dose in any subject. The parallel pattern of elimination 


Table VIII-Effect of Route of Administration on Lorazepam 
Elimination 


Dose = 2 mg Dose = 4 mg 
Variable F d.f. p F d.f. p 


Plasma elimination 0.98 2, 10 0.41 0.75 2, 12 0.49 
half-life of intact 
lorazepam ( t  1/20) 


lorazepam glucuronide 
excretion rate versus time 


Half-life determined from 0.15 2, 10 0.87 1.09 2, 12 0.37 
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Figure 3-Urinary excretion of lorazepam glucuronide following 2- 
(top) and 4- (bottom) mg doses administered by three routes. Eachpoint 
is the mean (*SE when indicated) for all subjects a t  that point in 
time. 


of the parent compound from plasma and of its endogenously formed 
metabolite in urine strongly suggests that  the elimination rate of lora- 
zepam glucuronide is determined by its formation rate rather than by 
its intrinsic clearance (16,29,30). Pharmacokinetic studies of lorazepam 
glucuronide administered as such would be required to determine the 
characteristics of clearance of this metabolic product. 


With the assumptions that hepatic biotransformation accounts for 
essentially all of the total clearance of lorazepam and that hepatic blood 
flow is approximately 21 ml/kg/min in a healthy individual, the low he- 
patic extraction ratio of lorazepam indicates that only a fraction of an 
orally administered dose would fail to reach the systemic circulation due 
to first-pass metabolism (16,31). Finally, none of the pharmacokinetic 
variables for lorazepam differed significantly between the two dose lev- 
els. 


A lag time averaging 15-17 min elapsed prior to the start of absorption 
of oral lorazepam. Lag times were observed in previous pharrnacokinetic 
studies of lorazeparn (6) and of other benzodiazepines (32-34) and 
probably are attributable to the time necessary for dissolution of the oral 
dosage form and/or gastric emptying time. Thereafter, absorption pro- 
ceeded as an apparent first-order process in all but one subject trial. There 
was variability between suhjects and within subjects a t  the two dosage 
levels in values of apparent absorption half-life. However, there was no 
evidence of any systematic dose-dependent variation in absorption. In 
all but one subject trial, peak lorazepam levels were attained within 2.5 
hr after dosage. Furthermore, the peak level attained was approximately 
proportional to the dose. Following attainment of peak concentrations, 
lorazepam elimination from plasma and apparent excretion of lorazepam 
glucuronide in urine proceeded a t  rates similar to those observed fol- 
lowing intravenous injection of lorazepam. As reported previously with 
chlordiazepoxide (34, 35) and diazepam (36). the ahsorption of oral 
lorazeparn appeared to be more than 90% complete. 


0 . 1 s  
u- 0.0 12.0 24.0 36.0 48.0 60.0 + a a 
Z 3.01 
0 
L 2.0. a 


z V 


1 .o- 


0.6. 


4-mg dose 
(n=7) 


0.14 1 


0.0 12.0 24.0 36.0 40.0 60.0 
COLLECTION MIDPOINT, hr after dose 


Figure 4-Urinary excretion rate of torazepam glucuronide following 
2- (top) and 4- (bottom) mg doses administered by three routes. Each 
point is the mean for all subjects a t  that point in time. (Standard errors, 
omitted for clarity, are available from the authors upon request.) 


Intramuscular injection of lorazepam did not produce excessive local 
discomfort. Injection site pain was described previously (23,37,38) but 
in most studies was not a clinically important problem (7,3947) .  Ab- 
sorption of intramuscular lorazepam was consistently rapid, and in no 
case did a lag time elapse prior to the start of absorption. Peak concen- 
trations were reached within 2.5 hr of the dosage in all subjects, and values 
of the apparent first-order absorption half-life averaged less than 20 min 
a t  both dosage levels. As with oral lorazepam, the peak concentration was 
approximately proportional to the dose. The pattern of elimination of 
lorazepam and the excretion of lorazepam glucuronide were very similar 
to those observed following intravenous and oral dosage. On the average, 
ahsorption of intramuscular lorazepam was 83-100% complete. The 
pharmacokinetics of intramuscular lorazepam contrast sharply with 
findings with intramuscular chlordiazepoxide (34,35,48) and diazepam 
(49-53). Absorption of the latter two benzodiazepine derivatives is slow 
and erratic and can produce unreliable clinical effects (49,51-55). Fur- 
thermore, injection of chlordiazepoxide and diazepam is associated with 
considerable pain (56). The absorption profile of intramuscular lorazepam 
suggests that  this compound may have benefits over existing benzodi- 
azepine derivatives in some clinical situations. 
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Abstract 0 Since design and evaluation of topical dosage f o m  should 
account for both skin permeation and cutaneous metabolism, an in uitro 
system was formulated to determine the metabolic component of viable 
guinea pig skin utilizing the diffusion layer property of the rotating disk. 
The drug investigated was vidarabine, an antiviral agent, which was 
rapidly metabolized t o  9-P-D-arabinofuranosylhypoxanthine. The 
aqueous diffusion coefficient of the drug was determined by the capillary 
cell method. The rotating-disk system was standardized using benzoic 
acid. The dorsal skin of a guinea pig was removed after shaving, and the 
epidermal section was excised by a keratome. After the section was 
mounted on the stainless steel disk with a tissue adhesive, the preparation 
was immersed in a 10-ml beaker containing 5 ml of drug solution a t  37O. 
A t  suitable intervals, samples were withdrawn, separated by TLC, and 
assayed by liquid scintillation. The enzyme rate constant was 1.54 x 10-I 
sec-1. 


Keyphrases 0 Rotating disk-analysis, cutaneous metabolism of 
vidarabine, guinea pig, in oitro study 0 Skin-metabolism of vidarabine, 
rotating-disk method, guinea pig, in oitro study 0 Antiviral agents- 
vidarabine, cutaneous metabolism, rotating-disk method, guinea pig, in 
oitro study 0 Vidarabine-cutaneous metabolism, analysis by rotat- 
ing-disk method, guinea pig, in uitro study 


Recently (1,2), an in uitro model was proposed for de- 
termining the simultaneous transport and metabolism of 
vidarabine (I) into 9-/3-D-arabinofuranosylhypoxanthine 
(11) in hairless mouse skin. However, some experimental 
parameters required for the metabolic rate constant cal- 
culation were not determined, namely, the aqueous dif- 
fusion coefficient of I, D a q ~ ,  and the diffusion layer 
thickness, h. 


The objectives of the present investigation were to assess 
these parameters and to determine the enzyme metabolic 
rate constant. A capillary cell method (3) was used for the 
determination of DaqA. By using the rotating-disk theory 
(4) and benzoic acid standardization (5). h was calculated. 
These parameters were then used for the calculation of the 
cutaneous metabolic enzyme rate constant. 


EXPERIMENTAL 


Apparatus-A constant-speed synchronized motor1, a 5O-pl syringe2, 
a liquid scintillation counter3, a laboratory press4, two variable-speed 
synchronized motors5, a light tachometer6, 10-ml micropipets7, a mem- 
brane filtefi, an electric shaverg, a keratomeI0, and silica GF  plates" were 
used. 


Reagents and Materials-The following were used: vidarabineI2, 
:'H-vidarabinel3, 9-&D-arabinofuranosylhypoxanthine1*, benzoic acid 
(primary standard)14, I4C-benzoic acid, a commercially prepared liquid 


scintillation cocktail15, 0.01 N HC1l4, female albino guinea pigs (500-600 
g), and pentobarbital sodium. 


Aqueous Diffusion Coefficient, &,A, Determination-The upper 
reservoir of the diffusion cell (3) was nylon, and the capillary portion was 
a 50-MI gas-tight syringe2 ground flat to the zero calibration mark. The 
value of Daq4 was determined by Sarafs method (3) using :'H-vidarabine 
and liquid scintillation. 


Estimation of Aqueous Diffusion Layer, h-The stainless steel 
rotating disk consisted of an outer cone-shaped manifold and an inner 
cylindrical disk (Fig. 1). Experimental deviations from the Levich (4 )  
theory due to geometry and hydrodynamics were assessed using a benzoic 
acid standardization (5,6). 


By recrystallizing 0.1 mCi (0.9 mg) of I4C-labeled and 9 g of primary 
standard benzoic acid from alcohol, radioactive benzoic acid crystals were 
obtained. Pellets of this material were prepared on a laboratory press by 
directly compressing about 500 mg of the crystals in a flat surface die (1.27 
cm i.dJ with an average force of 4086 kg (9000 Ib). 


For each dissolution run, 5 ml of 0.01 N HCI. preequilibrated a t  3 7 O ,  
was pipetted into a 10-ml beaker in a 37' controlled bath. The benzoic 
acid pellet was firmly seated in the outer cone-shaped manifold, which 
was connected to a synchronized motor. The rotation speed was deter- 
mined with a light tachometer and adjusted to 300 rpm. After the disk 
was immersed in the hydrochloric acid solution, 10-pl samples were 
withdrawn with a micropipet a t  5-min intervals and were assayed by 
liquid scintillation counting. 


Metabolism Study of Vidtrabine (I)-Preparation of Radroactiue 
Solution-A 600 pM I solution was prepared by dissolving 16.0 mg of I 
in 100 ml of Delbecco buffer (7) and filtering the solution through a 
0.22-pm filter, By successive serial dilutions, stock solutions of 0.25,0.5, 
0.75, 1.0, and 6.0 pM were obtained. Five-milliliter samples of these so- 
lutions were spiked with 10 MCi of "-vidarabine (I) prior to each ex- 
periment. 


Preparation of Skin-A female albino guinea pig, 500-600 g, was 
anesthetized with pentobarbital sodium (100 mg/kg ip). The dorsal skin 
was shaved first with an animal shaver and then with a manual razor. The 
area was washed with distilled water and dried with a stream of warm air. 
After removal from the animal, the dorsal skin was stapled onto a wooden 
board. The animal was then sacrificed with pentobarbital sodium. 


A keratome set a t  0.2 mm removed a thin layer of the epidermis plus 
some underlying dermis from the skin. The inner disk was removed from 
the outer manifold and placed over the shaved surface; tissue adhesive16 
was used to secure the skin to the side of the disk. T o  expose a constant 
surface area of the skin, polytef tape was wrapped around the skin on the 
cylindrical surface and secured with tissue adhesive. The outer cone- 
shaped manifold was then replaced on the inner disk (Fig. 1). This 
preparation was connected to a synchronized motor and immediately 
immersed in the 5 ml of radioactive I solution prepared prior to each 
experiment and maintained a t  3 7 O .  


Five microliters of this solution was spotted with 1.5 pg of nonra- 
dioactive I and I1 onto prescored silica GF plates under a nitrogen stream. 
The plates were immediately developed in the solvent system described 
previously (8). After separation, I and I1 were scraped into vials and as- 
sayed by liquid scintillation. As a control, the experiment was duplicated 
twice without the skin. 


Hurst Manufacturing Co.. Princeton, Ind. 


Packard Tri-Carb model 3385, Packard Instrument 
Fred Carver Inc., Summit, N.J. 
GT210 laboratory stirrer, Gerald K.  Hiller Co. 
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Bio-Rad Laboratories, Richmond, Calif. 


* Hamilton Co., Whittier. Calif. 


* Milliwre Corm. Boston. Mass. 
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lo Storz Surgical Instruments. St. Louis, Mo. 
I i  Altech, Inc., Newark, Del. 


PL-Biochemicals. Milwaukee, Wis. 
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RESULTS AND DISCUSSION 


Aqueous Diffusion Coefficient Determination-The aqueous 
diffusion coefficient for Compound A,  Daq*, can be determined from 
(9): 


4L2 
Dsq4 =-In - 


r2T (n"?"a,) (Eq. 1) 


I s  Aquasol, New England Nuclear, Boston. Mass. 
l6 Eastman-910. Kodak. Rochester, N.Y. 
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Figure  1-The stainless steel disk consisted of a n  outer  manifold a n d  
nn inner cylindrical disk. The cone-shaped manifold prouides better 
hxdrodynarnic conditions a n d  serum as a slot for the benzoic acid pellet. 
'h. inncr cylindrical disk is for the anchorage of skin in the metabolism 
c7xpcriment.s. 


where C, and ('0 are  the solute concentrations o f  A a t  time T and time 
zero, respectively, and L is the capillary length in centimeters. Compound 
I was t'ound to have a n  average DaqA of (1.05 f 0.01) X cm2/sec a t  
37' (Table I ) .  


This  value appears to he a little high compared with that  of cyclic 
adenosine monophosphate (I l l ) ,  which was reported a s  4.44 X 
cm'/sec a t  20' (10). This  difference may he due to the difficulty in the 
measurement and in the accurate reproduction of the capillary length. 
However, this higher value may be justified partly by the  Stoke-Einstein 
equation (10). First, I was a t  a higher temperature, so the  viscosity of the 
solvent was lower. Second, I has a smaller molecular weight and a lesser 
degree 0 1  solvation than 111 due to  the absence of the phosphate 
group. 


Est imat ion of Aqueous Diffusion Layer  Thickness-When Com- 
pound A diffuses o u t  of a rotating disk into an aqueous liquid, a theo- 
retical diffusion layer thickness, hrh. which retards the  loss of A ,  is de-  
scribed by the Levich (4)  relationship: 


hth = ( I . ~ I ~ ) ( ~ ~ ~ ~ ~ A ) ( ~ ' ~ ~ ) ( w - ' ~ ~ )  (Eq.  2)  


where Dnqn is the aqueous diffusion coefficient (square centimeters per 
second). 11 is the kinematic viscosity (Centimeters per second), and w is 
the angular velocity (radians per second). This  equation requires that 
the disk have an infinite diameter and that  it rotate with a constant ve- 
locity i n  a liquid of infinite volume. Therefore, the finite size and shape 


T a b l e  I -Parameters  in  Determina t ion  of Aqueous Diffusion 
Coefficient of I by Capi l la ry  Cel l  Method * 


Timeh,  L,  Co, c, 9 D a q A .  
sec cm cpm cpm (cm?/sec) x 10" 


87.900 2.300 24,731.1 13,037.4 1.051 
86,100 2.415 20,779.7 11,LY28.0 1.307 
86,460 2.415 20,900.2 11,459.1 1.069 
86.400 2.725 6,314.7 3,665.2 1.043 
86,580 2.350 4,608.2 2,474.6 1.064 


0 The average value ol'the coefficient is (1.05 f 0.01) X 10+ cm'/sec. About 
24 hr. 


T a b l e  11-Dissolution P r o f i l e  of Benzoic  Acid Pellets ( A  = 1.27 
cm2)  in  0.01 N HCI at 300 r p m  


Concentration, PC", 
Minutes mg/ml mg/ml 


5 1.21 0.87 
10 2.08 0.62 
15 2.70 0.46 _ _  
20 
25 


3.16 
3.50 


30 3.75 


0.34 
0.25 


0 Concentration differential between successive time periods 


01 the  disk and the  hydrodynamic condition within a real system may 
cause h to he considerably different from hth. If h is the effective diffusion 
layer thickness in the  experimental system, then let: 


(Eq. 3) 


To determine R ,  consider the  Levich relationship for the flux from the 


h R = -  
h t h  


disk (4),  assuming sink conditions: 


where C,, is the  saturation concentration of A .  
Combining Eqs. 2 and 4 gives: 


(Eq. 4)  


(Eq. 5 )  


which is Fick's first law. Since this law must hold for the  experimental 
system a s  well: 


J = r?)(C$) (Eq. 6) 


Then  H can be determined by combining Eqs. 5 and 6 to give: 


R,!!.!! (Eq.  7) 


T h e  dissolution of benzoic acid was used to  standardize the disk for the 
determination of' J l h  since its aqueous diffusion coefficient is well 
known. 


D a t a  Treatment-Three dissolution experiments of benzoic acid 
pellets rotating a t  300 rpm in 0.01 N HCI (Table 11) Showed the relation 
hetween the concentration and the successive concentration differential 
and time. T h e  dissolution rate constant, K, was determined from these 
data  ( 1  1 ) (Fig. '2) assuming a first-order equation. This constant was 6.17 
f 1.19 min-'. T h e  experimental flux was determined from: 


J 


(Eq. 8)  


. ' 0  5 10 15 20 25 
MINUTES 


F i g u r e  2-Guggenheim plot o/ the  dissolution of benzoic acid in 0.01 
N HCl; C, = Cll+,) - C,, uhere  i is the sampling i n t e r t d  ( 5  rnin). 
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Figure 3-Metabolism of I by guinea pig skin rotating at 300 rprn and 
37O. Plots for concentrations ofO.25-6.0 pM were similar. 


where ( V / A )  is the volume to surface area ratio (3.95 cm in this system). 
The flux JeXp was 0.244 f 0.047 C,. 


By using reported values of the aqueous diffusion coefficient of benzoic 
acid (1.40 X cm2/sec) (12) and the aqueous kinematic viscosity 
(0.00699 cm2/sec) (13), the theoretical flux and the diffusion layer 
thickness, under the same experimental conditions, were computed to 
he 0.277 C, and 27.57 pm, respectively. From Eq. 3, R was estimated to 
be 1.135. This value of R predicts an experimental aqueous diffusion layer 
thickness, h ,  of 31.3 pm, which differs from h t h  by 13.5%. 


This high discrepancy came as a surprise since the cone-shaped design 
is accepted as the best configuration for a rotating-disk system (14). 
However, this deviation can be explained by the fact that within the ro- 
tating system, the solvent does not have an infinite volume, nor does the 
disk have an infinite diameter, as required by the Levich (4) equation. 
Also, as benzoic acid dissolution continued, surface erosion occurred, 
disturbing the flow pattern. All of these nonideal hydrodynamic condi- 
tions, as well as the continual solvent evaporation, contributed to the 
13.5% deviation, which is similar to that previously reported (5). 
Metabolism Study of Vidarabine-Vidarabine (I) was metabolized 


to 9-8-D-arabinofuranoaylhypoxanthine by the cutaneom enzyme system 
(Fig. 3). The initial slope was derived from the regression analysis, which 
included all data points up to 100 min. These regression coefficients were 
all greater than 0.995. 


The flux of I, FA, was then calculated from: 


where V is the solution volume in milliliters, A is the area of the exposed 
skin (square centimeters), and (dC/dt)  is the initial slope of metabolism 
(percent per minute) (Table 111). Statistical analysis of the fluxes showed 
a significant difference between 600.0 p M  and the other concentrations. 
The mean flux was 1.75 f O.OS%/min. 


Determination of Cutaneoua Metabolic Rate Constant-As shown 
in Eq. 10, the enzyme metabolic rate constant, k,, can be expressed in 
terms of the initial substrate concentration, CA(h); the flux of the sub- 
strate in the system, FA; the aqueous diffusion coefficient, Da+; the 
epidermal layer thickness, M ;  and the diffusion layer thickness, h:  


This equationis derived by using Eq. 25 of previous work (2) and taking 
the limit of 0 -* 0, such that tanh 0 -+ 0. By substituting into Eq. 10 the 
reported epidermal thickness of 20.85 pm (15) and the other experi- 
mentally determined parameters, the enzyme metabolic rate constant 
was found to be 1.56 X lo-’ sec-I. 


In the controlled metabolism study, I remained unchanged at  the initial 
concentration of 98.1% over 6 hr in the presence of the stainless steel 
rotating disk. The stability of I during the storage period was also in- 
vestigated. The stock solution had been sterilized by being passed through 
a 0.22-pm filter and was then stored in an enclosed sterile vial and re- 
frigerated. There was no apparent adsorption of I onto the filter. A t  the 
end of the 40th day, when all of the stock solutions were used up, the I 
purity was determined to be 97.9%. These findings show that the degra- 
dation of I into I1 was the sole result of the enzyme system existing in the 
viable guinea pig epidermal slice. 


Table Ill-Fluxes of I at Different Concentrations 


Concentration, Flux, Mean Flux, 
WM %/cm2/min %/cm2/min 


0.25 1.630 1.826 
1.956 
1.892 


0.50 1.888 1.283 
0.797 
1.164 


0.75 1.662 1.679 
1.713 


1 .0 


6.0 


1.717 
1.691 
1.921 
1.230 
1.568 
1.787 


1.616 


1.839 


2.144 


0.399 
0.346 


The enzyme that converts I into I1 is adenosine deaminase, which 
metabolizes adenosine and various adenine nucleoside drug analogs, 
rendering them pharmacologically inactive. Calf intestinal mucosa 
adenosine deaminase has a metabolic rate constant of 0.8 X 10-1 sec-1 
mg-’ (16). Although no direct comparison can be drawn, it can be con- 
cluded that adenosine deaminase is present in abundance in guinea pig 
skin. 


In the final calculation of the enzyme rate constant from Eq. 10, the 
I flux and the epidermal thickness were the two most important param- 
eters. 


Since the flux depends on the concentration data of I and 11, the as- 
sumption of mass balance used in their determination was evaluated. The 
criterion for mass balance is that the sum of the activities of I and I1 on 
the TLC plate is equal to the total activities of the sample. This as- 
sumption holds if 11 is the only major metabolite of I and if I and I1 bind 
identically to the tissue. 


Several 6th-hr samples of the metabolism experiments were examined. 
The entire plate was scraped into scintillation vials in strips of 2 cm. I t  
was found that I and I1  accounted for over 98% of the total activities. 


Possible binding of I and 11 to the tissue was investigated statistically. 
From the raw data from five experiments at 0.5 pM, the corresponding 
activities of I and I1 were plotted uersus time. The slope for the disap- 
pearance of I was 31.44 cpm/min, while the appearance rate of I1 was 31.48 
cpm/min. Since the appearance rate of I1 was accompanied by an 
equivalent amount of disappearance of I ,  and since I and I1 accounted 
for over 98% of all activities, the assumption of mass balance was 
valid. 


The average flux was obtained from the results of all concentrations 
except those of 600.0 and 0.5 p M .  The former was rejected because it was 
significantly different from the others. The latter was excluded on the 
ground that two of the values were obtained from animals that did not 
meet the protocol. 


The epidermal thickness is another important parameter in the de- 
termination of the rate constant. The model calls for the use of only the 
epidermal thickness on the assumption that the dermis is less active 
enzymatically than the epidermis. However, the dermis does contribute 
to the overall metabolism (17). Variation of hand pressure and speed of 
dermatoming caused variation in skin thickness, which was usually about 
O.:i mm microscopically. Future studies may investigate the possibility 
of preparing epidermal slices of reproducible thickness using a motor- 
driven constant-pressure dermatome device. A method for accurate 
measurement of skin thickness must be developed also. 


Future studies may determine the epidermal diffusion coefficient of 
the drug. With this parameter and the present data, one can estimate how 
metabolism and, possibly, formulation adjuvants can modify the bio- 
availability of the drug as it is administered in a topical dosage form. 


600.0 0.388 0.378 
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Abstract 0 The fluorometric assay for verapamil in plasma is not useful 
after oral drug administration because of interference by inactive, but 
fluorescent, metabolites extracted along with the parent drug. A CLC 
method using a flame-ionization detector after silylation allows the 
separation of unchanged active verapamil from the metabolites and 
quantitation to a sensitivity of 0.025 pg/ml. After a single oral dose of drug 
in dogs, up to 80% of “fluorescent verapamil” represented inactive me- 
tabolites. 


Keyphrases Verapamil-GLC analysis, plasma fluorometric analysis, 
metabolite interference 0 GLC-analysis, verapamil in plasma 0 Va- 
sodilators-verapamil, GLC analysis in plasma 


Verapamil, 5-((3,4-dimethoxyphenethyl)methyl- 
amino] -2-(3,4-dimethoxyphenyl)-2-isopropylvaleronitrile 
(I), is an experimental antiarrhythmic and antianginal 
agent (1-5) and is currently undergoing clinical evaluation 
in the United States. Its pharmacological activity is related 
to suppression of transmembrane calcium fluxes in cardiac 
and other tissues (6,7). These “slow” calcium currents may 
be involved in the genesis of fatal arrhythmias during 
myocardial ischemia and associated with sudden cardiac 
death (8). 


BACKGROUND 


A fluorometric assay for verapamil in plasma (9) has been used to de- 
termine its elimination kinetics in dogs after intravenous injection (10) 
and to demonstrate a linear correlation between plasma drug concen- 
trations and both electrophysiologic and hemodynamic effects in dogs 
following systemic dosing (11 ). However, after oral administration o f  
verapamil to dogs. no relationship hetween plasma level and effect was 
found (12), raising the possibility that metabolites generated during the 
first passage through the liver interfere with the fluorometric assay. 


Verapamil is known to be metabolized extensively in rats and dogs, 
primarily to 0- and N-dealkylated derivatives through loss of the 3,4- 
dimethoxyphenylethyl moiety (13). Schomerus et al. (14) used mass 
fragmentography to confirm the extensive metabolism of the drug in 
three normal human subjects after a single oral dose but did not identify 
the specific metabolites produced. 


Since verapamil may become an important addition to the drugs 
availahle for treatment o f  cardiovascular disorders, the assay validity 
must be defined before further kinetic and pharmacological studies can 


be carried out. Two major metabolites of verapamil, 5-amino-2-13.4- 
dimethoxyphenyl)-2-isopropylvaleronitrile (D620) (11) and 5-methyl- 
amino-2-(3,4-dimethoxyphenyl~-2-isopropylvaleronitrile (D617) (111)1, 
were studied to determine possible interference with the fluorometric 
assay for parent verapamil. Furthermore, a GLC procedure specific for 
unchanged verapamil in the presence of I1 o r  111 was developed and is 
described. 


EXPERIMENTAL 


Fluorornetric Assay-The tluorometric assay for verapamil in plasma 
(9) involves extraction of drug from alkaline plasma with heptane and 
hack-extraction into acid. Fresh plasma from normal drug-free human 
subjects was pooled. T o  one group of aliquots, verapamil was added to 
achieve concentrations of 0.1, 0.5, and 1.0 pg/ml; to two other aliquots, 
I1 or Ill were added similarly. All samples were prepared in triplicate. 


The fluorometric assay was performed on each sample by an experi- 
enced technician under blind conditions, and the resulting fluorescence 
at  an excitation/emission spectra of 275/310 nm was recorded‘. The 
calculated recovery from these standards ranged from 85 to 94%. 


To additional aliquots of plasma from the same pool, combinations 
o f  verapamil and I1  and I11 were added, each in a concentration of 0.5 
pg/ml. The assay was carried out as previously described, and total flu- 
orescence was determined*. 


GLC Assay-All reagents and solvents were of analytical grade, and 
glassware was cleaned by superheating after a distilled water rinse (15). 
Fresh plasma was collected from normal human volunteers as well as from 
drug-free mongrel dogs; no differences were found between the two for 
the work described here, and the term “plasma” used here may apply 
equally to either species. 


Known amounts of verapamil and/or I1 and 111 were added to 2-ml 
plasma samples. After addition of 1.0 ml o f  1 N NaOH and 5.0 ml of 
heptane, the mixture was shaken for 15 min and centrifuged a t  1800 rpm 
for 10 min. Four milliliters of the heptane layer was transferred to a 15ml 
centrifuge tube containing 2.0 ml of 0.1 N HCI; each tube was shaken and 
centrifuged as before. ‘The heptane layer was aspirated and discarded, 
and the aqueous phase was washed twice with 2.0 ml of heptane. One 
milliliter of 1.0 N NaOH was added, and the acid layer was extracted with 
4.0 ml o f  heptane, with agitation and centrifugation as before. 


‘Three milliliters of the heptane layer was then transt‘erred to another 
tube and evaporated under a nitrogen stream during heating to 60’ on 
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Abstract Modified USP procedures are described for the simultaneous 
determination of nonaspirin salicylates and aspirin in aspirin and buf- 
fered aspirin tablets. The existing USP procedures are not stability in- 
dicating for intact aspirin when significant levels of nonaspirin salicylates 
are present, as is often the case in short-term, high temperature stability 
programs. The modified procedures yield considerably shorter analysis 
times and stability-indicating assays for intact aspirin without the need 
for sophisticated equipment other than that presently required by USP 
XIX. 


Keyphrases 0 Aspirin-analysis, modified IJSP method, liquid chro- 
matography. spectrophotometry, stability, buffered and unbuffered 
tablets o Liquid chromatography-analysis, aspirin in buffered and 
unbuffered tablets, modified USP method, stability 0 Analgesics- 
aspirin, analysis, buffered and Unbuffered tablets, modified USP method, 
liquid chromatography, spectrciphotometry, stability 


The  USP methods (1) for the quantitative determina- 
tion of aspirin and nonaspirin salicylates in aspirin and 
buffered aspirin tablets are time consuming and nonspe- 
cific for evaluation of intact aspirin stability. The  aspirin 
assay is based mainly on the work of Levine (2). A sample 
preparation in chloroform is passed through a sodium bi- 
carbonate-treated, infusorial earth-packed column, which 
separates aspirin from tablet excipients. Following its 
elution, the aspirin is quantitated spectrophotometri- 
cally. 


Although the method is reliable for production control, 
its accuracy as a stability-indicating assay is questionable 
because it does not isolate aspirin from its degradation 
product salicylic acid. Since the bicarbonate column con- 
currently traps both aspirin and salicylic acid, the result 
of their simultaneous elution is a positive interference in 
the aspirin UV absorption a t  280 nm. 


Another weakness in the USP method is that separate 
procedures are required for the aspirin and nonaspirin 
salicylates assays; hence, the complete analysis of aspirin 
tablets is quite lengthy. The USP nonaspirin salicylates 
assay is based on several studies (3-7). A sample is tritu- 
rated in chloroform in the presence of citric acid mono- 
hydrate. Insoluble salts of aspirin or salicylic acid, if 
present, are converted to chloroform-extractable free acids 
by hydrochloric acid. Finally, the salicylic acid is separated 


from aspirin using an infusorial earth column treated with 
ferric chloride and urea, which complexes salicylic acid. 
The  salicylic acid is eluted and quantitated spectropho- 
tometrically. 


This paper reports a modified USP method that  si- 
multaneously determined aspirin and nonaspirin salicy- 
lates in aspirin and buffered aspirin dosage forms. Com- 
plexing the nonaspirin salicylates on a ferric chloride-urea 
infusorial earth column and collecting the intact aspirin 
eluate achieved effective separation. Aspirin in the eluate 
was determined spectrophotometrically. The complexed 
nonaspirin salicylates were eluted and likewise determined 
spectrophotometrically. The  results of this modification 
were a considerably shorter analysis time, a stability- 
indicating assay for aspirin, and a method that could be 
performed without sophisticated equipment other than 
that  already required by the USP. 


EXPERIMENTAL 


Reagents a n d  Chemicals-All chemicals and reagents were USP or 
ACS grade and were used without further purification. 


Aspirin Tablet  Assay-Chromatographic Column-A column was 
packed as described under the nonaspirin salicylates procedure in the 
IJSP. It was washed with a 25-ml portion of chloroform. 


Aspirin Standard Preparation-About 50 mg of USP aspirin reference 
standard, accurately weighed, was dissolved in glacial acetic acid-chlo- 
roform (1:99) and diluted to 50 ml in a volumetric flask. A 5.0-ml portion 
was transferred to a 100-ml volumetric flask containing 2.0 ml of meth- 
anol, diluted to volume with glecial acetic acid-chloroform, and 
mixed. 


Salicylic Acid Standard Preparation-A suitable, accurately weighed, 
quantity of salicylic acid was dissolved in chloroform to obtain a solution 
containing 30 pg of salicylic a c i d h l .  A 5.0-1111 portion was transferred 


Table  I-Recovery of Added Aspirin (50.00 mg) by USP 
Procedure 


Salicylic Acid Added, Aspirin Recovered, Recovery, 
mg mg % 


0.00 50.00 100.0 
0.75 50.35 100.7 
1.50 50.95 101.9 
2.25 51.50 103.0 
9.00 52.10 104.2 
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Table 11-Statistical Evaluation Tab le  IV-Assay Results on Commercial Aspirin Tablets 


Buffered Aspirin Tablet 


Recovered Recovered 
Aspirin Tablet Procedure Procedure 


~.... 


Recovered Nonaspirin Recovered Nonaspirin 
Aspirin, Salicylates, Aspirin, Salicylates, 


Determination 96 96 % % 


1 100.2 100.9 99.97 99.30 
2 100.8 100.5 99.80 99.07 
3 99.44 100.5 99.75 100.2 
4 100.2 
5 100.3 


Precision, % f0.54 f0.35 f0.28 f1.10 


to a 100-ml volumetric flask containing 20.0 ml of methanol, 5 drops of 
concentrated hydrochloric acid, and 20.0 ml of a 1:9 solution of glacial 
acetic acid in water-saturated ether. Chloroform was added to volume 
and mixed. 


Assay Preparation-A quantity of finely ground tablets equivalent 
to 50 mg of aspirin was weighed accurately in a 50-ml beaker. Then 10 
ml of chloroform was added, and the beaker was swirled for 3 min. The 
entire sample was transferred onto the chromatographic column. 


Procedure-Without delay, the beaker and column were washed, in 
portions, with 90 ml of chloroform. The washings were collected in a 
100-ml volumetric flask containing 1.0 ml of glacial acetic acid, diluted 
to volume with chloroform, and mixed. A 10.0-ml portion was transferred 
to a 100-ml volumetric flask containing 1.0 ml of glacial acetic acid and 
2.0 ml of methanol. Chloroform was added to volume and mixed. The 
absorbances of the assay preparation and the aspirin standard prepara- 
tion were determined a t  278 nm in 1-cm cells uersus chloroform as the 
blank. 


To the column containing the ferric-salicylate complex was added 20.0 
ml of a 1:9 solution of glacial acetic acid in water-saturated ether, followed 
by 60 ml of chloroform. The eluate was collected in a 100-mI volumetric 
flask containing 20.0 ml of methanol and 5 drops of concentrated hy- 
drochloric acid. Chloroform was added to volume and mixed. The ab- 
sorbances of the assay preparation and the salicylic acid standard prep- 
aration were determined a t  306 nm in 5-cm cells uersus a blank of the 
same solvent composition as that of the salicylic acid standard prepara- 
tion. 


Calculations-The quantity, in milligrams, of aspirin per tablet was 
calculated as follows: 


(Eq. 1) C(A,/A,)(A. W . )  
W mg of aspirin/tahlet = 


where C is the concentration, in micrograms of aspirin permilliliter,in 
the standard preparation; A, and A, are the absorbances of the assay 
preparation and the standard preparation at  278 nm, respectively; A. W. 
is the average tablet weight; and W is the weight of sample in the assay 
preparation. 


The quantity, in milligrams, of salicylic acid per tablet was calculated 
as follows: 


(Eq. 2 )  


where C is the concentration, in milligrams of  salicylic acid per 100 ml, 
in the standard preparation; A, and A,, are the absorbances of the assay 
preparation and the standard preparation a t  306 nm, respectively; A. W. 
is the average tablet weight; and W is the weight of sample in the assay 
preparation. 


Buffered Aspirin Tablet  Assay-Chromatographic Column-The 
column was prepared as directed under Aspirin Tablet Assay. 


Aspirin Standard Preparation and Salicylic Acid Standard Prepa- 
ration-These standards were prepared os directed under Aspirin Tablet 
Arsay except that the concentrations were doubled. 


Table  111-Effect of Methanol on Aspirin Assay 


C.’(A,/A, ) ( A .  W . )  
W mg of salicylic acidhablet = 


Aspirin, % Nonaspirin Salicylates. 96 
Modified USP Modified USP 


Product Method- Method Method Method 


A 99.2 99.4 0.09 0.05 
B 99.9 99.5 0.10 0.09 
C 100.2 99.6 0.07 0.07 
D 98.1 98.6 0.04 0.06 
E 100.1 100.7 0.04 0.04 


Assay Preparation-A quantity of finely ground tablets equivalent 
to 100 mg of aspirin was weighed accurately in a 50-1111 beaker. About 700 
mg of citric acid monohydrate and 40 ml of chloroform were added, and 
the beaker was swirled for 1 min. The mixture was filtered through coarse 
filter paper into a 200-ml volumetric flask. The beaker and filter paper 
were rinsed with two 25-ml portions of chloroform, and the rinsings were 
collected in the volumetric flask. 


The filter paper was allowed to dry, and the residue was transferred 
to a 125-ml separator containing 10 ml of 1 N HCI. It was then extracted 
with two 25-1111 portions of chloroform and passed through nonabsorbent 
cotton into the 200-ml volumetric flask. Chlorofnrm was added to volume 
and mixed. 


Procedure-A 20.0-ml portion of the assay preparation was transferred 
onto the chromatographic column, and, without delay, the column was 
washed in portions with 90 ml of chloroform. The washings were collected 
in a 100-ml volumetric flask containing 1.0 ml of glacial acetic acid and 
2.0 ml of methanol, diluted to volume with chloroform, and mixed. The 
absorbances of the assay preparation and the aspirin standard prepara- 
tion were determined a t  278 nm in I-cm cells uersus chloroform as the 
blank. 


The ferric-salicylate complex was eluted from the column, and the 
absorbance was determined as described under Aspirin Tablet Assay. 


Calculations-The quantity, in milligrams, of aspirin per tablet was 
calculated as follows: 


where C is the concentration, in micrograms of aspirin per milliliter, in 
the standard preparation; A, and A, are the absorbances of the assay 
preparation and the standard preparation a t  278 nm, respectively; A. W. 
is the average tablet weight; and W is the weight of sample in the assay 
preparation. 


The quantity, in milligrams, of salicylic acid per tablet was calculated 
as follows: 


(Eq. 4) 


where C is the concentration, in milligrams of salicylic acid per 100 ml, 
in the standard preparation; A, and A, are the absorbances of the assay 
preparation and the standard preparation a t  306 nm, respectively; A. W. 
is the average tablet weight; and W is the weight of sample in the assay 
preparation. 


C(A,/A,)(lO)(A. W . )  
W 


mg of salicylic acidhablet = 


RESULTS A N D  DISCUSSION 


Aspiriii Recovery by USP Procedure-The interference of salicylic 
acid with aspirin recovery was studied. Mixtures were prepared in chlo- 
roform containing 50.00 mg of aspirin and various amounts of salicylic 
acid. One milliliter of hydrochloric acid-methanol (1:49) was added to 
each mixture. The solution was diluted to 50.0 ml with chloroform. 


The mixtures were assayed for aspirin content by the USP procedure. 
As shown in Table I,  a positive interference was introduced in the LJSP 
ospirin assay, making it nonspecific for stability evaluation of aspirin 
products. 


Table  V-Assay Results on Commercial Buffered Aspirin 
Tablets  


Aspirin, 96 Nonaspirin Salicylates. 96 
Modified USP Modified USP 


Product Method Method Method Method 
Methanol Added, ml Wavelength Maximum, nm Absorbance 


A 99.4 100.9 0.65 0.64 
0.0 279 0.802 B 97.1 97.6 0.32 0.37 
2.0 278 0.740 C 96.6 97.4 0.84 0.82 
6.0 277 0.702 D 99.2 100.4 0.73 0.73 


10.0 276 0.690 E 97.3 96.5 0.82 0.82 


Journal of Pharmaceutical Sciences I 781 
Voi. 68, No. 6, June 1979 







Linearity of Modified USP Procedure-The linearity for the aspirin 
tablet and buffered aspirin tablet assays was examined. For the aspirin 
assay, mixtures of varying amounts of aspirin with 0.15 mg of salicylic 
acid for the aspirin tablet assay and 3.0 mg of salicylic acid for the buf- 
fered aspirin tablet assay were determined. The amounts of salicylic acid 
added were equivalent to the maximum amount allowed by the USP, 
assuming sample weights equivalent to 50 and 100 mg of aspirin, re- 
spectively. For the nonaspirin salicylates assay, mixtures of varying 
amounts of salicylic acid with 50 mgof aspirin for the aspirin tablet assay 
and 100 mg of aspirin for the buffered aspirin assay were determined. The 
amounts of aspirin added represented the quantity specified in the 
modified USP procedures. 


The aspirin assay was linear in the 0-75- and 0-130-mg ranges for the 
aspirin tablet assay and the buffered aspirin tablet assay, respectively. 
The nonaspirin salicylates assay was linear in the 0-0.3- and 0-5.0-mg 
ranges for the aspirin tablet assay and the buffered aspirin tablet assay, 
respectively. 


Precision of Modified USP Procedures-A statistical evaluation 
of the precision of the modified methods was performed on the assay 
results of two sets of s ix  accurately weighed preparations. The sets used 
contained either 4 . 1 5  mg of salicylic acid and 50 mg of aspirin or 0.30 
mg of salicylic acid and 100 mg of aspirin (Table 11). 


Effects of Methanol on Aspirin Assay-Methanol was used in the 
modified USP aspirin assay to clarify the column eluate, which was often 


turbid due to the physical removal of water by chloroform from the 
chromatographic column. Methanol had to be added accurately to both 
the assay preparation and the standard preparation since the presence 
of methanol affected the magnitude of the absorbance and the wavelength 
maximum of the aspirin peak (Table 111). Aspirin was stable in this sol- 
vent mixture for a t  least 6 hr. The  absorbance of an aspirin solution a t  
278 nm after this time was 99.5% of the initial value. After 24 hr, however, 
the absorbance dropped to 75% of the initial value. 


Comparison of Modified U S P  Assay and U S P  Assay-The results 
of studies on several commercially available aspirin and buffered aspirin 
tablets are summarized in Tables IV and V. The results indicate a good 
correlation between methods. 
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Abstract 0 The film-forming potential of lanolin alcohol was evaluated. 
Inclusion of ethylcellulose in lanolin alcohol improved film integrity. The 
hardness and modulus of elasticity of these lanolin alcohol-ethylcellulose 
films were improved by incorporating propylene glycol or cetyl alcohol. 
Triamcinolone acetonide release from selected film compositions was 
investigated. The data were analyzed from the viewpoint of the first-order 
kinetic theory and the release from a planar system having a homoge- 
neous or granular matrix. The results suggest that the drug release follows 
a diffusion-controlled matrix model and a square root of time release 
profile. The release rate constants were proportional to drug concen- 
tration. Drug release was maximal from a system containing the drug in 
a near-saturated solution. 


Keyphrases o Lanolin alcohol-films, kinetics of triamcinolone ace- 
tonide release, topical dosage forms Triamcinolone acetonide-release 
from lanolin alcohol films, kinetics, topical dosage forms, o Dosage forms, 
topical-lanolin alcohol films, kinetics of triamcinolone acetonide release 
Glucocorticoids-triamcinolone acetonide, release from lanolin alcohol 


films, kinetics 


Protective films containing therapeutically active agents 
have been used for dermatological and surgical applica- 
tions (1-3). An inert polymeric matrix impregnated with 
pilocarpine has been utilized to achieve prolonged and 
steady release of the drug for ocular administration (4). In 
certain dermatological applications, polymeric films con- 
taining a drug could offer advantages over conventional 
dosage forms. These potential advantages include en- 
hanced therapeutic .effect, predictable control over rate 
and extent of absorption, occlusion of the skin surface, and 
improved patient acceptance. 


Although several polymeric substances have been 
studied for their film-forming characteristics (5-7) and 
potential application in topical drug delivery systems, the 


nonpolymeric, high molecular weight substances appar- 
ently have not been investigated. Furthermore, the ap- 
plicability of this concept to topical drug delivery system 
design has not been explored fully. 


THEORETICAL 


Drug release from a planar system having a drug dispersed in a ho- 


8 = d D L ( 2 A  - C,)C, (Eq. 1) 
where Q is the amount of drug released per unit area a t  time t ,  D is the 
drug diffusion coefficient in the matrix, A is the total amount of drug 
present in the matrix per unit volume, and C,  is the drug solubility in the 
matrix. The relationship for release from a planar system having a 
granular matrix was shown to be (9) diffusion controlled and is given 
by: 


Q = dL (2A  - C C , ) C , ~ ~  (Eq. 2 )  


where D and C, refer to the diffusion coefficient and drug solubility in 
the permeating fluid, T is the tortuosity of the matrix, and t is the porosity 
of the matrix. 


Both these equations describe drug release as being linear with the 
square root of time: 


Q = kt  112 (Eq. 3) 


where k is the release rate constant. For a homogeneous matrix sys- 
tem: 


(Eq. 4)  
and for a granular matrix system: 


mogeneous insoluble matrix was shown (8) to follow: 


D 


k = V“D(2A - C,)C, 


k = 4”. ( 2 A  - C,)C, (Eq. 5) 


These relationships were confirmed experimentally using plastic and wax 
matrixes (10-15). 
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Abstract  0 A specific assay for nitroglycerin in dosage forms using 
high-performance liquid chromatography was developed. Sublingual 
nitroglycerin tablets are dissolved in 25 ml of water and injected directly 
into the chromatograph. Chromatographic conditions are: mobile phase, 
60% methanol in water; flow rate, 2 ml/min; column, microparticulate 
reversed phase; and detection, 200 nm. The glyceryl mononitrate and 
dinitrate degradation products of nitroglycerin are separated from ni- 
troglycerin and can be identified by altering the mobile phase composition 
of methanol. 


Keyphrases Nitroglycerin-high-performance liquid chromato- 
graphic analysis in various dosage forms 0 High-performance liquid 
chromatography-analysis, nitroglycerin in various dosage forms 0 
Vasodilators, coronary-nitroglycerin, high-performance liquid chro- 
matographic analysis in various dosage forms 


Nitroglycerin (glyceryl trinitrate) is one of the oldest 
drugs presently in use. It was synthesized in 1846 and was 
reported to produce a “migraine” when ingested (1). Initial 
clinical pharmacology research was begun in 1849 when 
Hering (2) tested nitroglycerin on several medical stu- 
dents. 


BACKGROUND 


Virtually every analytical method available has been used in an attempt 
to quantitate nitroglycerin. One of t h e  earliest reported analytical 
methods dates from 1901 when nitroglycerin was identified by exploding 
it with a hammer on an anvil following its extraction from the stomach 
of a cadaver (3). While relatively specific for nitroglycerin, quantitation 
with this assay was probably a problem. Other methods utilized include 
colorimetry (4), polarography (5). kinetic methods (6,7), and, more re- 
cently, TLC (8) and GLC (9). 


Many,earIy methods lacked specificity and sensitivity, while the later 
methods are generally more complex and time consuming. The official 
USP content uniformity assay (10) of Bell (4) is based on alkaline hy- 
drolysis of the nitrate ester to nitrate ion, followed by coupling with 
N-( 1 -naphthyl)ethylenediamine dihydrochloride to produce a purple 
compound with absorbance at 545 nm. 


The automated version of this assay( 11) has a sensitivity of approxi- 
mately 5 pglml. While this assay may be specific for nitroglycerin and, 
therefore, stability indicating’, supporting documentation has not been 
reported. Recent GLC methods are specific for nitroglycerin (9, 12, 13) 
but require extraction into organic solvents, evaporation, and detection 
by flame ionization or electron capture. Therefore, they are not applicable 
if rapid in-process quality control data are required. Analytical methods 
used to quantitate nitroglycerin were reviewed recently (14). 


Significant changes in the potency of nitroglycerin tablets can occur 
with time, depending on tablet formulation and storage conditions (15). 
With the advent of the extemporaneous preparation of nitroglycerin 
injection in many medical centers, a rapid, specific, sensitive assay for 
nitroglycerin in dosage forms is needed. 


EXPERIMENTAL 


Equipment and Supplies-All reagents were analytical grade unless 
indicated otherwise. Methanol2 was glass distilled. A high-performance 


1 S. A. Fusari, Parke-Davis and Co., Detroit, Mich.. personal communication. 
2 Rurdick &Jackson, Muskegon, Mich. 


liquid chromatograph3 with a variable wavelength UV detector‘ was used. 
A CIS mi~roparticulate~ column was used in the separation. 


Standard solutions of nitroglycerin were made from nitroglycerin spirit 
standardized against potassium nitrite using the phenoldisulfonic acid 
procedure (16). Samples of glyceryl mononitrate and glyceryl dinitrate 
were used as received. The two test formulations6 were 400-pg sublingual 
tablets, Products A1 and B8. 


Automated Assay-The procedure described in the USP (10) was 
modified. The concentration of N-( 1 -naphthyl)ethylenediamine dihy- 
drochloride was reduced to 0.25%, the number of samples run per hour 
was reduced to 20 to allow better separation between samples, and the 
ratio of sample to  wash was 1:4. Three standards were run a t  the begin- 
ning of each series, and one standard was run after every 10 samples. 


High-Performance Liquid Chromatographic (HPLC) Assay- 
Individual tablets for analysis were placed in 25 ml of distilled water and 
shaken to ensure complete solution of the nitroglycerin. A 10-pl aliquot 
of the aqueous solution was injected directly into the chromatograph 
under the following conditions: mobile phase, 60% methanol in distilled 
water; flow rate, 2 ml/min; column, CIS micr~particulate~; and detection, 
200 nm UV. Under these conditions, nitroglycerin had a retention time 
of 4 min. 


Nitroglycerin injection, 50 rg/ml, prepared in a local hospital phar- 
macy, was assayed as described after appropriate dilution. No interfering 
peaks were found in the chromatograms of any sample. When identifying 
glyceryl mononitrate and dinitrate, the mobile phase methanol concen- 
tration was decreased to 40% but the procedure was otherwise un- 
changed. 


Because of variability between manufacturers and even between col- 
umns for the same manufacturer, different Cla microparticulate columns 
should be evaluated before the one best suited to the HPLC system is 
selected. Good results were obtained without an internal standard, and 
one was not routinely used. However, diazepam in a concentration of 20 
pg/ml can be utilized as an internal standard; under the conditions de- 
scribed, it has a retention time of 8 min. 


RESULTS 


Figure 1 shows a typical chromatogram of nitroglycerin from a 400-pg 
sublingual tablet dissolved in 25 ml of water. The retention time with 60% 
methanol in water was about 4 min. NO interference was found from the 
constituents of the tablet. The standard curve for nitroglycerin was linear 
from 3 to 22 pg/ml, passed through the origin, and had a lower limit of 
detection of approximately 30 ng injected in the column (equivalent to 
a 3-rg/ml solution). 


To determine the precision of this method as compared to the official 
USP content uniformity assay, a standard solution of nitroglycerin 
containing 18.3 pglml was assayed 10 consecutive times by both methods. 
The estimated concentration of the solution was 18.3 f 0.48 pg/ml (mean 
f SD) by HPLC and 18.3 f 0.34 pglml by the USP method. The relative 
standard deviation of approximately 2.5% for HPLC is reasonable con- 
sidering the low dose of the drug; under these conditions, about 183 ng 
was injected onto the column. 


T o  compare the HPLC assay with the USP content uniformity assay 
under more realistic assay conditions, 10 tablets were individually dis- 
solved in 25 ml of water as outlined under Experimental. Both Products 
A and R were tested since they contained different excipients (15) to 


Model 711. 


URondapak CIS, Waters Associates, Milford, Mass., or Datasorb ODS, Labo- 


Purchased in unopened bottles a t  a local pharmacy. 
7 Lot OFr97A. Eli Lilly and Co., Indianap+is, Ind. 


Lot T L176, Parke-Davis and Co., Detroit, Mlch. 


4 Spectromonitor It, Laboratory Data Control, Riviera Beach, Fla. 


ratory Data Control, Riviera Beach, Fla. 
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Figure 1-Typical chromatogram 
for nitroglycerin from a 400-pg y 


sublingual tablet. 5 
0 


TIME 


stabilize the nitroglycerin against volatilization. The results (mean f SD) 
for Product A were 421.7 f 25.6 and 420.1 f 30.8 pg by the HPLC and 
USP methods, respectively. For Product B, the results were 398.0 f 22.6 
and 412.5 f 24.5 rg, respectively. 


No statistically significant differences were found between the two 
analytical methods with either product, although the mean concentration 
obtained with the USP assay was slightly higher for Product B. This same 
result was found when the experiment was repeated and may be due to 
a slight interaction with an excipient (such as the polyethylene glycol 400 
stabilizer) in the product. No difference in weight variation or content 
uniformity was found between Products A and €3. 


The described method is capable of separating nitroglycerin from the 
glyceryl 1- and 2-mononitrate and glyceryl1,2- and 1,3-dinitrate degra- 
dation products. Since the glyceryl mononitrates and dinitrates are more 
polar than nitroglycerin, they travel through the reversed-phase column 
faster than nitroglycerin and are eluted soon after the solvent front, 
making identification of the glyceryl mononitrates and dinitrates difficult. 
To separate these degradation products from nitroglycerin, the methanol 
concentration of the mobile phase must be decreased, thereby increasing 
the retention time of all nitrate esters. With a mobile phase of 40% 
methanol in water, the glyceryl mononitrate esters have retention times 
of approximately 2.00 and 2.75 min, the glyceryl dinitrates have retention 
times of approximately 3.5 and 3.75 min, and nitroglycerin has a retention 
time of approximately 11 min. 


Although the tablets contained only small amounts of the glyceryl 
mononitrates and dinitrates, nitroglycerin solutions that were purposely 
degraded had much larger quantities of these degradation products. 


DISCUSSION 


During the development of this assay, a number of variations were 
tried. Methanol and acetonitrile performed equally well as the mobile 
phase; methanol was chosen because it is less expensive, even though i t  
must he used in higher concentration than acetonitrile. Because of the 
lower UV cutoff, acetonitrile may be a better mobile phase with a sin- 
gle-beam detector. 


The effect of changes in mobile phase pH were studied to determine 
if pH changes could alter the nitroglycerin retention time. As might be 


expected for a neutral molecule, chromatographic characteristics were 
independent of mobile phase pH. As columns age, the retention times 
of these compounds tend to become shorter, so the methanol concen- 
tration may need to be modified when columns are changed or with time 
of use. Several variable wavelength UV detectors were evaluated, and 
the one used in this study provided the most stable baseline and the 
greatest absorbance. Since many compounds absorb UV light a t  200 nm, 
relatively pure organic solvents should be used to minimize extraneous 
peaks in the chromatogram. 


The problem of content uniformity of nitroglycerin tablets is perhaps 
best indicated by the large limits (75-135%) of potency established by 
the USP (10). The addition of polyethylene glycol 400 (Product B) or 
povidone (Product A) as a stabilizer in nitroglycerin tablets has reduced 
the nitroglycerin volatility problem, so the tablets presently available 
are usually well within the USP limits. Nevertheless, variations in ni- 
troglycerin potency can still occur even with the stabilized formulations 
(15). 


With the emergence of new nitroglycerin dosage forms with unknown 
stabilities, it will become increasingly important to monitor product 
performance. For example, nitroglycerin intravenous injection is pres- 
ently extemporaneously compounded in many major medical centers due 
to its lack of commercial availability. No information is presently avail- 
able on its stability under various storage conditions or in different in- 
travenous solutions. Similarly, little information is available on the 
ointment dosage forms of nitroglycerin. 


Although this HPLC assay is approximately equal to the automated 
USP content uniformity assay in precision, it has several features that 
may make it more desirable under certain circumstances. Since the assay 
specifically detects intact nitroglycerin and utilizes no chemical reactions, 
there is no likelihood of alterations in the assay due to interference with 
the reaction or its reagents. Since the assay physically separates nitro- 
glycerin from its primary degradation products, no interference from 
these compounds should occur. In addition, the glyceryl mononitrate and 
dinitrate degradation products can be identified with this assay. Thus, 
much more stability information can be obtained than with the USP 
assay. Since the USP assay is subject to variations in color development 
with time, it is difficult to use when it is not automated. 


In summary, this assay provides a rapid, precise, sensitive, and specific 
method for the analysis of nitroglycerin dosage forms, and it can be 
modified to provide information on the nitroglycerin degradation 
products as well. In stability studies, this assay provides more information 
than the conventional USP content uniformity method and is likely to 
be the analytical method of choice. 
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Abstract 0 The natural abundance I3C-NMR spectra of a series of 
penicillins (penicillin V methyl ester, penicillin V, penicillin G, methi- 
cillin, oxacillin, cloxacillin, and dicloxacillin) were studied. The chemical 
shifts were assigned using the pulse Fourier transform technique with 
the aid of long-range carbon-13 hydrogen coupling. The previous as- 
signments of penicillin V methyl ester were revised. 


Keyphrases 0 Penicillins, various--'3C-NMR spectra, chemical shifts 
assigned 0 I3C-NMR spectroscopy-various penicillins, chemical shifts 
assigned 0 Antibacterials-various penicillins, 'V-NMR spectra, 
chemical shifts assigned 


6-Lactam antibiotics are some of the most widely used 
drugs (1-3). Current research is focused in chemical ma- 
nipulation (1-6) to produce antibiotics effective against 
resistant organisms. This advance depends heavily on the 
use of modern analytical techniques (1,2,7,8). 


Proton NMR spectroscopy (IH-NMR) has been useful 
in determining configuration and conformation of P-lactam 
compounds (1-3, 8-14). Carbon-13 NMR (I3C-NMR) 
spectroscopy is becoming increasingly important in the 
study of drugs (15-20). The carbon-13 chemical shift 
analysis of simple compounds can be accomplished by the 
traditional approach based on the structural dissimilarity 
and the additivity principle of chemical shift (15-17, 21, 
22). However, this approach often leaves some uncertainty 
in the assignments of all close signals because subtle steric 
and electronic effects cannot be precisely assessed. The 
differentiation of these carbon signals, however, is critical 
in biosynthetic studies and in elucidating the interactions 
of P-lactam drugs with biological molecules (23-27). 


In this study, the nuclear spin-spin coupling patterns 
were applied to the I3C-NMR analysis of penicillins. 


EXPERIMENTAL 


The NMR spectra' of about 1 M solutions in dimethyl sulfoxide-ds and 
2 M in all other deuterated solvents were obtained in 10-mm (I3C-NMR) 
and 5-mm ('H-NMR) spinning tubes. The carbon-13 resonances of the 
deuterated solvents and methanol (in deuterium oxide) served as the 
internal reference, and chemical shift values were converted to the tet- 
ramethylsilane (VIII) scale using the following equations: 


8(VIII) = Q(dimethy1 sulfoxide-ds) t 39.6 ppm (Eq. 1) 


b(VI1I) = b(chloroformd3) t 76.9 ppm (Eq. 2) 


b(VII1) = &(methanol-d) + 49.0 ppm (Eq. 3) 


b(VII1) = b(methano1) t 49.3 ppm (Eq. 4) 


The carbon-13 spectra were recorded a t  ambient temperature and 
50'. All proton lines were decoupled by a broad band (2.5 kHz) irradiation 
from an incoherent 99.99-MHz source. The chemical shifts were measured 
for a 5000-Hz sweepwidth. The carbon-13-hydrogen coupling constants 
or splittings were measured from proton-coupled spectra. The typical 


1 Jeol PFT-100 spectrometer, operating at 23.5 kg and interfaced with a Jeol 
EC-100 20K computer, and a Varian EM-360 60-MHz spectrometer. 
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pulse width was 23.5 psec, and the repetition time between pulses was 
4 sec. 


All penicillins were USP grade. Penicillin V methyl ester was prepared 
by treating penicillin V free acid with diazomethane in ether solution for 
1 hr. Its 'H- and 13C-NMR and mass spectra confirm the structure. The 
partially deuterated methyl ether was made from the deuterated peni- 
cillin V, which was obtained by exchanging the labile protons with mo- 
nodeuterated methanol. The mass spectrum of the product indicates that 
it contains monodeutero-, dideutero-, and trideuteromethyl groups. 


RESULTS AND DISCUSSION 


Single-frequency proton decoupling was used for the assignments of 
the methine carbon resonances of methyl and benzyl esters of penicillin 
derivatives (9.28) and phenethicillin potassium (29). A complete inter- 
pretation of the 'H-NMR spectrum is absolutely necessary for this ap- 
proach. It is difficult to determine the methine proton resonances (Hs 
and He) of penicillins, especially in solutions above the critical micelle 
concentration (30). 


A more convenient method for distinguishing these peaks is the direct 
measurement of I3C-lH one-bond coupling constants ( ~ J c H ) ,  as shown 
in the proton-coupled spectrum of penicillin V methyl ester (I) (Fig. 1). 
Baaed on the electronegativity of the adjacent groups (18,21,22,31), it 
is reasonable to predict the relative coupling constant magnitude in the 
following order: -'J(Cs-Hs) > IJ(Cg-H6) > lJ (c3-H~).  The values ob- 
tained for I confirm this prediction (*J(C5-H5) = 178.5, IJ(C6-H.5) = 
153.2, and lJ(c3-H~) = 145.3 Ha). This method provides the unambig- 
uous assignments of Ca, Cg, and Cs resonances of all other penicillins in 
different solvents (Tables I and 11). 


C02R1 
10 


Y 


I: R, = CH,, R, = Q $ H * -  
w 


I-d: R,  = CH,D + CHD, + CD,, R, = &CK- 0 


11: R,  = K, R, = 


111: R, = K, R, = 


IV: R, - Na, R, = 


0 
0022-35491 79J 0 100-0064$0 1. OOJ 0 
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Table I-W-NMR Data of Penicillins in Deuterium Oxide Solution * 
Carbon I I1 111 IV V VI VII 


2 


3 


5 


6 


7 


9 


10 


11 


2u-CH3 


28-CH3 


1‘ 


2’ 


3’ 


4’ 


5’ 


6‘ 


7’ 


8’ 


9’ 


1W 


11’ 


2’-CH3 


65.4 64.8 64.6 64.8 
mb 
71.7 
dm 
145.3 (H3) 
68.6 
ddd 
178.5 (H5) 


59.4 
dd 
153.2 (He) 
2.5 (H5) 
173.5 
ddd 


45:: )2 


10.8 H3 . 
7.2 H5 
3.7 1 Hg 
169.8 
td 
4.5 (HII)  
2.6 (Hs) 
169.1 
qui 
4.3 (H3,OCHs) 
67.7 
t 
147.4 (HI,) 
27.0 
qm 
128.2 (2a-CH3) 
32.2 
qm 
128.2 (2B-CH3) 
158.3 
bt 
9.1 (Hii, H;) 
115.6 
ddd 
159.5 (Hi) 
130.5 
dd 
160.8 (Hi) 


122.7 
8.3 (H5) 


d t  
162.1 (Hi), 
7.2 (Hz. H6) 
130.5 
dd 
160.8 (H;) 


115.6 
8.3 (H3) 


m 
73.4 
bd 
147.1 (H3) 
66.8 
bd 
180.0 (H5) 


57.5 
bd 
155.0 (H6) 


174.0 
m 


169.6 
bt 
4.3 (HII)  


173.8 
d 
4.3 (Ha) 
66.8 
t 
148.3 (H11) 
26.8 
qm 
127.0 (2a-CH3) 
31.6 
qm 
127.0 (2B-CH3) 
156.9 
bt 
9.5 (Hi, H;) 
114.9 
ddd 
160.4 (Hi) 
130.1 
dd 
161.1 (Hi) 
8.5 (Hs) 
122.2 
d t  
161.8 (Hi) 
7.0 (Hz, Hi) 
130.1 
dd 
161.1 (Hi) 


114.9 
8.5 (H& 


m 
73.5 
bd 
146.7 (H3) 
66.9 
bd 
178.2 (H5) 


58.1 
bd 


174.7 
ddd 
9.2 H3 
7.0 H5 
5.1 I 
173.1 
bt 
6.7 (Hii)  


174.1 
d 


42.3 
t 
129.7 (H11) 
26.9 


127.8 (Pn-CHn) 
31.1 


28 .0  (28-CH3) 
134.7 
bs 
4.9 (Hi, H,) 
129.5 
bd 
158.1 (Hi) 
128.9 
dd 
160.2 (Hi) 
6.6 035) 
127.3 


153.8 (He) 


4.3 (hs) 


bs 


bd 
161.1 (Hi) 


128.9 
dd 
160.2 (H;) 
6.6 (Ha) 
129.5 


m 
73.7 
bd 
145.2 (H3) 
66.9 
bd 
180.1 (H5) 


57.9 
bd 
153.8 (Hs) 


175.0 


9.0 H3 
4.9 HE 1 H6 


dt  


167.1 
bs 


174.2 
d 
4.3 (H3) 


27.0 


28 .2  (2u-CH3) 
30.0 


28 .8  (28-CH3) 
113.2 
t 
4.9 (Hi, H;) 
157.5 
m 


104.7 
dd 
164.8 (Hi) 
6.7 (H5) 
132.3 
d 
163.0 (Hi) 


104.7 
dd 
164.8 (Hj) 
6.7 (H3) 
157.5 


6.7 (2’-CH3) 


56.2 


64.9 
m 
73.5 
bd 
145.3 (H3) 
66.4 
bd 
178.2 (H5) 


58.0 
bd 


174.9 
m 


154.4 (He) 


162.6 
d 
2.5 (H6) 


174.9 
m 


27.0 


:89.4 (2a-CH3) 


2 9 . 4  (2a-cH3) 
110.5 
9 
2.4 (2’-CH3) 
174.3 
9 
6.7 (2’-CH3) 


31.0 


160.7 
bs 


127.2 
m 


128.8 
bd 
129.5 
dd 
163.0 (Hi) 
6.3 (Hi01 
131.0 
bd 
159.9 (Hi) 
129.5 
dd 
163.0 (Hi01 
6.3 (Hd 
128.8 
bd 
162.4 (Hi,) 
12.7 


q 9 
145.9 (2’-OCH1) 131.8 /2’-CHa) 


64.9 
m 
73.4 
bd 
143.4 (H3) 
66.2 
bd 
177.6 (H6) 


57.7 
bd 
154.4 (He) 


174.7 
m 


161.9 
d 
3.0 (Hi) 


174.2 
d 
4.3 (H3) 


27.0 
bq 


bq 


129.4 (2a-CH3) 
31.3 


129.4 (28-CH3) 
111.3 
q 
2.4 (2’-CH3) 
174.7 
9 
6.7 (2’-CH3) 


158.8 
bs 


126.6 
bt 
4.9 (Hi, H;o) 


133.5 
m 
132.7d 
bd 
165.4 (Hi) 


131.g6 
bd 
163.6 (Hi) 
128.2 
bd 
164.8 (Hio) 


130.g6 
bd 
166.6 (Hi,) 
13.0 


65.1 
m 
73.5 
bd 
144.7 (H3) 
66.3 
bd 
180.0 (H6) 


57.8 
bd 
155.0 (He) 


174.5 
d t  
8.6 H3 
4.6 H5 1 H6 
161.5 
bs 


174.0 
d 
3.7 (Ha) 


26.9 


%5.7 (2a-CH3) 
31.8 


24 .5  (28-CH3) 
111.0 
q 
2.4 (2’-CH3) 
175.8 
q 
6.9 (2’-CH3) 


156.5 
s 


126.0 
m 


135.7 (135.5) 
m 
129.4’(129.3) 
bd 
170.6 (Hi) 
133.4 
bd 
168.9 (Hi) 
129.3 (129.4) 
170.6 (Hlo) 


133.5 (133.7) 
m 


13.1 
9 q 
131.8 (2’-CHa) (131.8) (2’-CHn) 


“I _. 


a The data of each carbon resonance are shown in the following order: chemical shift in deuterium oxide, multiplicity, and spin-sp.in splitting8 (coupled protons). All 
spectra were measured in deuterium oxide a t  about 2 5 O ,  except the spectrum of I, which was measured in methanol-d, and the spectrum of VII, which waa measured at 
SOD; b = broad, qui = quintet, and m = unresolved multiplet. * Signals in any vertical column may be reversed. 
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Table II-I3C-NMR Data of Penicillins in Dimethyl Sulfoxide-& Solution a 


Carbon I1 111 IV V VI VII 


2 


3 


5 


6 


7 


9 


10 


11 


2n-CH3 


2P-CH:j 


I '  


2' 


3' 


4' 


5' 


6' 


7' 


8' 


9 


1 0  


11' 


64.9 
m 
74.0 
dm 
142.8 (Hs) 
67.1 
ddd 
176.1 (H5) 
5.2 HJ 
3.1 He 
.i7.5 
dd 


2.5 (Hs) 
172.6 


152.0 (H6) 


f3 6.4 ;; Hs 


167.9 
9 
4.9 (HG, HII )  
169.7 
d 
3.7 (H:3) 
66.4 
t 
147.1 (H11) 
27.6 
qm 
127.6 (2a-CHs) 
32.5 
qm 
127.6 (28-CH3) 
157.7 
m 


114.8 
ddd 
160.2 (HL) 


129.8 
dd 
160.8 (HI,) 
8.1 (Ha) 
121.6 
dt  
162.3 (Hi), 
7.2 (H2, He,) 
129.8 
dd 
160.8 (H,) 


114.8 
ddd 
160.2 (H,) 
7.9 (H,) 
4.6 (Hz) 


7.9 (H,) 
4.6 (Hs) 


8.1 (Ha) 


64.4 
m 
74.0 
dm 


66.9 
d t  


140.4 (H3) 


175.4 (H5) 
3.8 (H3, He) 


57.9 
dd 


1.5 (H5) 
172.7 


151.0 (H6) 


170.4 
td 
6.4 ( H i J  
169.8 
d 


41.6 
4.2 (H:j) 


bt 
129.4 (HI!) 
27.5 
qm 
127.6 (2a-CH:j) 
31.8 
qm 
127.6 (28-CH:J 
135.8 
m 


129.8 
dm 
157.3 (Hi) 


129.0 
dd 
159.9 (Hi) 
4.9 (H,) 
126.4 
dm 
163.0 (Hi) 


129.0 
dd 
159.9 (Hi) 


129.8 
dm 
157.3 (H,) 


4.9 (HJ 


64.5 
m 
74.3 
dm 
141.6 (HJ) 
67.4 
dt  
173.3 (Hg) 
3.6 (H3, He) 


58.0 
bd 
150.8 (He) 


174.3 
dt  
9.8 H3 
5.1 1 H5 


Hs 
165.1 
d 
3.4 (He) 
171.8 
d 
4.3 (H3) 


27.9 
qm 
127.6 (2a-CH3) 
31.3 
qm 
127.6 (2B-CH3) 
115.8 
t 
5.8 (H:i, H;) 
157.2 


2 . 7  (Hi) 


104.6 
dd 
163.3 (Hi) 
7.7 (Hd 
130.9 
d 
160.5 (Hi) 


104.6 
dd 
163.3 (Hi) 


130.9 
d 
160.5 (Hb) 


4.9 (OCH3) 


7.7 ( H d  


64.8 
m 
73.9 
bd 
141.6 (H3) 
67.2 
dt  
178.2 (Hg) 
3.6 (H3, He) 


58.9 
bd 
152.6 (H6) 


172.5 


161.7 
bs 


171.3 
d 
4.3 (Hs) 


27.6 
qm 
127.6 (2a-CH3) 
32.1 


%9.4 (28-CH3) 
112.0 
q 
2.4 (2'-CH3) 
170.8 
q 
7.0 (2'-CH3) 


160.3 
t 
3.7 (Hi, Hi,) 


128.3 
t 
6.7 (Hi) 


128.1 
dd 
161.8 (Hi), 
6.1 (Hg, H ~ I )  
129.0 
ddd 
162.6 (Hi) 
5.7 (Hie) 
2.6 (H7, or  Hb) 
130.3 
dt  
161.8 (H;) 
7.2 (H,, H;I) 
129.0 
ddd 
162.6 (Hi01 
5.7 (Hp) 
2.6 (Hg or HiI)  
128.1 
dt  


64.7 
m 
73.9 
dm 
142.2 (Hn) 
66.9 
dt  
178.2 (Hg) 
4.2 (H3, H6) 


58.3 
bd 
152.6 (He) 


173.1 
m 


160.7 
d 
2.5 (Hfi) 
171.6 
d 
4.3 (H:l) 


27.6 
qm 
125.9 (2a-CH3) 
32.2 
qm 
128.1 (2fl-CH3) 
112.8 
9 
2.4 (2'-CH3) 
171.9 
q 
6.7 (2'-CHs) 


159.5 
bs 


127.5 
m 


133.0b 
m 


132.0b 
bm 
165.4 (Hi) 


132.0b 
bm 
165.4 (H,) 


127.8 
dm 
165.4 (H;o) 


130.2b 
dm 
168.5 (H'll) 


64.8 
m 
73.8 
dm 
144.0 (Hs) 
67.1 
ddd 
180.7 
5.4 H3 
3.7 Hg 
58.4 
dd 


2.7 (H5) 
172.8 
m 


153.2 (H6) 


159.8 
d 
4.3 (He) 
171.5 
d 
4.3 (H3) 


27.5 
qm 
128.8 (2a-CH3) 
32.5 
qm 
129.4 (LP-CH3) 
112.3 
d 
3.0 (Y-CH3) 
172.8 
q 
7.1 (2'-CH3) 


157.4 
S 


126.9 
m 


135.1b 
m 


129.0 
dm 
169.7 (Hi) 


133.0 
d 
167.8 (Hi) 


129.0 
dm 
169.7 (H;o) 


134.gb 
m 


The data of each carbon resonance are shown in the following order: chemical shift, multiplicity, and coupling constants (coupled protons). The chemical shift and 
multiplicity were measured at  about 25 and SO", respectively; b = broad, and m = unresolved multiplet. b Signals in any vertical column may be reversed. 
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9 
3' 


I 


Figure 1-High-resolution proton-coupled W - N M R  spectrum of penicillin V methyl ester (1) in methanol-d. A narrow (100--500 Hz) exponential 
(-3) window is used to measure small splittings. 


The application of InC-IH one-bond coupling information in the 
'Yhpectral analysis is limited to the protonated carbons. Coupling in- 
formation also can be applied to the nonprotonated carbons (18, 19, 
31-35). This application can he demonstrated fully in the chemical shift 
analysis of C7, C9, and CIO of penicillins. 


In a previous report (28) on the W - N M R  assignments of I, the most 
downfield peak (172.6 ppm) was assigned to Clo and the 167.6-ppm peak 


was assigned to both C7 and C9. The proton-coupled spectrum of I was 
studied in methanol-d, chloroform-dn, and dimethyl sulfoxide-ds solu- 
tions. The most downfield signal at about 173 ppm can be recognized as 
a doublet of double doublet (ddd) or a double quartet (dq) (Fig. 1). It  thus 
can be designated to either C7 (ddd) or Cl0 (dq). 


T o  clarify this uncertainty, a deuteromethyl ester of penicillin V (I-d) 
was prepared. The proton-coupled spectrum of I-d shows that the most 
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M2’” 7 
. .  . .  . .  . .  


i I 
I I 


10 
1169.8 


D20 DMSO-% 
Figure 2-High-resolution proton-coupled I2CC-NMR spectra of pen- 
icillin (; potassium salt (Ill) in deuterium oxide and dimethyl sulfox- 
idc-dfi solutions. Only the carbonyl carbon signals are shown. A narrow 
(100-500 Hz) exponential ( -3)  window is used to measure small 
splittings. 


downfield peak at  173.5 ppm remains intact while the 169.1-ppm peak 
becomes an unresolved multiplet, arising from the 13C-deuterium cou- 
pling. Therefore, the 169.1-ppm peak (quintet) must be assigned to Clo 
12J(C~o-H:J = “J(C~O-CHJ) = 4.3 Hz] in contradiction to the previous 
assignment (28). The CS signal appears as a triple doublet due to its 
coupling with HI1 and Hfi. This finding clearly demonstrates the inva- 
lidit,y of simple chemical shift theory or the additivity principle in the 
differentiation of the close resonance signals. 


The I T  -hydrogen coupling patterns of the phenoxy portion of I (Fig. 
I and Table I )  can he analyzed by analogy to the coupling of phenols (33). 
The typical three-bond couplings of aromatic systems are seen. The 
magnitude of :’J(C,-H,) is smaller than the usual three-bond coupling 
constants due tr) coupling through an oxygen-substituted carbon (32-34). 
Thus, C, appears as a doublet of double doublet [IJ(C2-H; = 159.5, 
V(C;-H& = 7.8, and :?/(C;-HS) = 4.8 Hz]. Most aromatic carbon reso- 


V: R, = R, = H 


VII: R, = R, = C1 
VI: R, = C1, R, = H 


nances of other penicillins can be determined similarly. 
The proton-coupled spectra of penicillin in deuterium oxide solution 


display some useful features of IJC-hydrogen long-range splitting pat- 
terns. The Clo signal always appears as a doublet hecause of the two-bond 
couplings with Ha. The C7 resonance peak is shown as a douhlet of double 
doublet or a double triplet due to the couplings with HJ, Hs, and He, re- 
vealing characteristics reminiscent of the spectrum of I. 


The splitting patterns of Cs vary according to the structure of the side 
chain (R2). The broad linewidth often prohibits the measurement of the 
small coupling between Cg and HC. The coupling is apparent in the 
spectra of sodium salts of oxacillin (V)  and cloxacillin (VI). 


The chemical shift analysis o f  the isoxazole moiety is straightforward. 
The C; resonance signal occurs at the highest field among all sp2 carhon 
peaks and is the only carbon without a two- or three-bond proton in V 
and VI. The C, signal can he differentiated from C7 and Clo simply be- 
cause of its unique two-bond coupling with Ck-CHs. 


The C,, Ci, and C;, signals of VI can be determined from chemical shift 
calculations (15, 16, 21, 22). However, C,, C,, and C;” cannot be firmly 
assigned since the calculated values are close and the rotation around the 
Ct-C, bond is probably partially restricted. This restricted rotation is 
indicated by the splitting of C; (Ci1) and C, (Cia) of dicloxacillin (VII) 
into doublets in deuterium oxide. 


Direct measurements from the proton-coupled spectra may sometimes 
provide line splittings instead of precise coupling constants due to the 
virtual couplings of the proton nuclei. However, the directly observed 
line splittings (coupling patterns) may be more useful. 


Concentrated aqueous solutions of penicillins are too viscous to give 
fine spectra with good resolution, partially because of the formation of 
micellar solutions (30). The instahility of penicillin in water prevents 
spectral determination at  elevated temperatures. To confirm the coupling 
patterns, the ’Y-NMR spectra of penicillins were taken in dimethyl 
sulfoxide-ds at 50°. The linewidth was considerably reduced, allowing 
the measurement of the fine splittings of most carbon signals. 


Comparative studies of the chemical shift in deuterium oxide and di- 
methyl sulfoxide-ds (Fig. 2) indicate that the solvent affects the relative 
chemical shift (Tahles I and 11) (15,16,21,22). This effect prevents the 
use of simple chemical shift calculations to deduce the chemical shift 
directly from one solvent to the other solvent. However, the coupling 
patterns are not perturbed by the solvent effect (Fig. 2) unless a slowly 
exchangeable proton is involved. 
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Abstract 0 The absorption and metabolism of the quaternary ammo- 
nium compound thiazinamium methylsulfate were studied in humans 
using plasma concentration data and urinary excretion measurements. 
After giving a dose of 150 mg in suppositories, the reIative bioavailability 
was 5.8 f 3.2 ( S D )  %of the dose, comparable to the values obtained fol- 
lowing oral administration. The degree of first-pass effect observed after 
rectal administration was comparable with that after oral administra- 
tion. 


Keyphrases 0 Thiazinamium methylsulfate-rectal absorption and 
metabolism in humans 0 Absorption, rectal-thiazinamium methyl- 
sulfate in humans 0 Metabolism-thiazinamium methylsulfate in hu- 
mans 0 Phenothiazine derivatives-thiazinamium methylsulfate, rectal 
absorption and metabolism in humans Antihistaminics-tliiazinam- 
ium methylsulfate, rectal absorption and metabolism in humans 


It has been widely assumed that, after rectal adminis- 
tration, drugs mainly enter the general circulation without 
an initial passage through the liver, provided that the 
suppository does not reach the higher parts of the rectum 
(1,2). The drug supposedly enters the inferior or middle 
rectal veins, which drain into the vena cava inferior. The 
blood in the superior rectal vein flows to the portal vein and 
subsequently enters the liver. 


After oral administration, most drugs enter the portal 
vein, so a 100% passage through the liver is involved. Once 
a drug enters the general circulation, approximately 20% 
of the total blood flow passes through the liver during each 
circulation, whatever the route of administration. How- 
ever, when drugs are administered parenterally, the total 
first passage through the liver does not occur. It has been 
assumed that the same condition would apply for the rectal 
route. For this reason, rectal administration has been 
recommended as a noninvasive alternative for drugs 
largely metabolized by the liver or excreted in the bile and 
for drugs subject to degradation in the GI tract. 


Thiazinamium methylsulfate’ (I) is a phenothiazine 
derivative with a quaternary ammonium group in the 
molecule. The drug is used for the treatment of some 
generalized obstructive lung diseases because it causes 
bronchodilatation (especially after intramuscular injec- 
tion) as a result of substantial anticholinergic and anti- 
histaminic properties (3-9). 
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Ticrynafen Effect on Warfarin Protein 
Binding in Human Serum 


Keyphrases 0 Ticrynafen-effect on warfarin protein binding, human 
serum Protein binding-warfarin to serum protein, effect of ticrynafen, 
humans 0 Warfarin-serum protein binding, effect of ticrynafen, hu- 
mans Antihypertensive agents-ticrynafen, effect on warfarin protein 
binding, human serum 0 Anticoagulants-warfarin, serum protein 
binding, effect of ticrynafen, humans 


To the Editor: 
Ticrynafen' [2,3-dichloro-4-(2-thienylcarbonyl)- 


phenoxyacetic acid] is a new antihypertensive, diuretic, 
and uricosuric agent (1). About 99.5% of this weak acid is 
bound to human serum proteins in the therapeutic drug 
concentration range (2). Serious drug interactions between 
ticrynafen and the coumarin anticoagulants ethyl bis- 
coumacetate and acenocoumarol have been reported, with 
anticoagulant potentiation and hemorrhages (3-5). It has 
been suggested that these interactions resulted from 
anticoagulant displacement from serum protein binding 
sites by ticrynafen and that this might also occur with 
warfarin (2-5). 


We determined the ticrynafen effect on warfarin protein 
binding in human serum over a wide range of ticrynafen 
concentrations. Blood was obtained from two healthy adult 
male donors, serum was separated and pooled, and racemic 
I4C-warfarin (2 pglml) was added. Ticrynafen' was dis- 
solved in 50 p1 of ethanol, and pH 7.4 sodium phosphate 
buffer (0.134 M )  was added to yield 5 ml of solution con- 
taining 10-200 pg of ticrynafedml. Ticrynafen-free buffer 
solutions contained the same concentration of ethanol. 
Plasma containing warfarin was dialyzed at  37' to equi- 
librium against these solutions. Warfarin was then ex- 
tracted from both phases, separated from impurities and 
degradation products by TLC, and assayed by scintillation 
spectrometry as previously described (6,7).  


The results are shown in Table I. Warfarin, in the ab- 
sence of ticrynafen, was 99.288% bound (results of three 
dialysis experiments were 99.265, 99.297, and 99.301%). 
Ticrynafen (10-200 pg/ml) had no apparent effect on 
warfarin serum protein binding. Essentially identical re- 
sults were obtained when both warfarin and ticrynafen 
were added to serum (without ethanol), and these serums 
were dialyzed against buffer only. The warfarin concen- 
tration used in this study was in the upper therapeutic 
concentration range (8,9); the concentrations of ticrynafen 
ranged from therapeutic (-10-40 pg/ml) to far above 
therapeutic concentrations (1, 2). Since both drugs are 
extensively protein-bound weak acids, displacement ef- 
fects may occur at even higher concentrations of either 
compound or in diluted plasma or diluted albumin solu- 
tions. 


The results indicate that warfarin will not be signifi- 
cantly displaced from serum protein binding sites by ti- 
crynafen under the usual therapeutic conditions. They do 


1 SKP-62698. Selacryn. 
2 Supplied hy Smith Kline & French Lahoratoriex, Philadelphia, Pa 


Table I-Effect of Ticrynafen on Warfarin Protein Binding in 
Human Serum a 


Ticrynafen 
Concentration, Warfarin Free Warfarin Free 


r d m l  Fractionb X 100 Fraction Ratio' 


0 0.712 1 .oo 
10 0.688 0.97 
20 0.655 0.92 
30 0.710 1.00 
40 0.771 1.08 
50 0.695 0.98 
100 0.751 1.05 
200 0.725 1.02 


Mean of two or three determinations. 
O Determined by equilibrium dialysis a t  37O. Initial warfarin concentration was 


Free fraction divided by free 2 ag/ml. 
traction in the absence of ticrynafen. 


not rule out other interactions such as inhibition of war- 
farin metabolism, direct effects of ticrynafen on the blood 
coagulation process, and effects of ticrynafen metabo- 
lites. 
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Comparison of Antineoplastic Activity of 
Aminoethylaminoanthraquinones and  
Anthracycline Antibiotics 


Keyphrases 0 Antineoplastic activity-aminoethylaminoanthraqui- 
nones, doxorubicin, daunorubicin, and cardiotoxicity a Antineoplastic 
agents-aminoethylaminoanthraquinones, doxorubicin, daunorubicin, 
and cardiotoxicity 0 Aminoethylaminoanthraquinones-antineoplastic 
activity and cardiotoxicity, compared to doxorubicin and daunorubicin 
0 Cardiotoxicity-evaluated, aminoethylaminoanthraquinones, doxo- 
rubicin, daunorubicin 


To the Editor: 
The anthracycline antibiotics doxorubicin and dauno- 


rubicin are among the most important antineoplastic 
agents studied in recent years. Both antibiotics demon- 
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strated inhibitory activity against a wide spectrum of ex- 
perimental animal neoplasms and human cancers, in- 
cluding leukemias, lymphomas, and several solid tumors. 
These drugs possess some serious toxicities, of which the 
most troublesome is cardiotoxicity. The latter is charac- 
terized by a delayed and insidious cardiomyopathy with 
ECG abnormalities, cyanosis, dyspnea, and, in some cases, 
irreversible congestive heart failure (1). In spite of some 
studies indicating that preadministration of vitamin E, 
edetate disodium, 1,2-di( 3,5-dioxopiperazin- 1 -yl) propane, 
cis-diamminedichloroplatinum, or ubiquinonelo may re- 
lieve the cardiotoxicity (1-6), it remains a grave con- 
cern. 


In 1970, the presence of a common N-0-0 triangular 
feature among a number of antileukemic compounds, in- 
cluding doxorubicin and daunorubicin, was postulated (7). 
Based on this report, Adamson (8) proposed replacing the 
amino sugar portion of these antibiotics, believed to cause 
their cardiotoxicity, with amino-containing functions 
having the nitrogen atom placed at a proper spatial dis- 
tance from the oxygen atoms of the aglycone portion. This 
arrangement would, hopefully, produce antineoplastic 
compounds with minimal cardiotoxicity. 


In connection with a study of various amino- and hy- 
droxyquinones as potential antineoplastic agents (9-12), 
Adamson’s suggestion prompted the synthesis and struc- 
ture-activity analysis of a number of bis(substituted am- 
inoalky1amino)anthraquinones (13). Recent test data (14, 
15) revealed that the biological activity profile of these 


Table 11-Minimum Cumulative Cardiotoxic Dose 


NSC 
Agent Number 


Daunorubicin 82151 
Doxorubicin 123127 
1,4-B’is[2-[(2- 287513  


hydroxy- 
ethyl amino J - 
;!:i;!{amino- anthra- 


cenedione 
diacetate 


1,4-D ihydroxy- 
5,8-bis[ [ (2- 
hydroxy- 
ethyl amino J - 
ethyl\ amino- 
9,1 O-anthra- 
cenedione 


279836 


P-388 Minimum 
Leukemia Cumulative 
Optimum Cardio- 
Dose in toxic Dose 


Mice, in Rats, 
QD 1-9, mg/kg 
mg/kg ip ip/duration Ratio 


9 .73  1 4  1.44 
10 .69  1 1  1 .03  


137 .5  3 0 0  2.18 


8.3 1 8  2.17 


compounds resembles that of doxorubicin and daunoru- 
bicin. In addition, most of these aminoanthraquinones 
were cross-resistant to the doxorubicin- and daunorubi- 
cin-resistant leukemia P-388 sublines (Table I), indicating 
antineoplastic action similar to the naturally occurring 
antibiotics. Perhaps due to a lipophilicity change of the 
ring-hydroxylated derivative, 1,4-dihydroxy-5,8-bis[[2- 
(hydroxyethyl)amino]ethyl]amino-9,l0-anthracenedione, 
which may modify the cellular transport mechanism, a low 
level of antileukemic activity of this anthracenedione 
against the doxorubicin- and daunorubicin-resistant P-388 
sublines was retained. 


Preliminary evaluation of the cardiotoxicity of the an- 
thracenedione was conducted in rats (16,17). The minimal 
cumulative cardiotoxic dose of this anthracenedione was 
18 mg/kg. (It was somewhat less cardiotoxic than doxo- 
rubicin, whose minimal cumulative cardiotoxic dose was 
-11 mg/kg.) The margin of safety (Table 11) of the two 
anthracenediones, 1,4-bis[2- [ (2 - hydroxyethy1)aminol- 
ethyl]amino-9,10-anthracenedione diacetate and 1,4- 
dihydroxy-5,8-bis [ [ (2-hydroxyethy1)aminol ethyllamino- 
g,lO-anthracenedione, was slightly larger than that of the 
two anthracycfines (daunorubicin hydrochloride and 
doxorubicin hydrochloride). The margin of safety is the 
ratio of the minimal cumulative cardiotoxic dose to the 
optimum therapeutic cumulative dose in the P-388 leu- 
kemia model. 


Even though some interesting investigations on the 
syntheses of daunorubicin and doxorubicin have been 
conducted, the main supplies of these antineoplastic drugs 
still come from natural sources. The ease of synthesis of 
the aminoanthraquinones, their relatively low cardiotox- 
icity level, and their biological activity resemblance to the 
anthracycline antibiotics indicate that 1,4-dihydroxy- 
5,8- bis[[2 - (hydroxyethyl)amino]ethyl]amino - 9,lO - an- 
thracenedione and related compounds merit further 
oncological studies. 


(1) “Adriamycin: New Drug Seminar,” N. R. Bachur, R. S. Benjamin, 
and T. C. Hall, Eds., San Francisco, Calif., Jan. 1975. Cancer Chemother. 
Rep., Part 3,6,83 (1975). 


(2) R. J. Woodman, I. Kline, and J. M. Venditti, Proc. Am. Assoc. 
Cancer Res., 13.31 (1972). 


(3) C. E. Myers, W. McGuire, and R. Young, Cancer Treat. Rep., 60, 
961 (1976). 


(4) A. B. Combs, D. Acosta, and K. Folkers, ICRS Med. Sci. Libr. 
Compend., 4,403 (1976). 


(5) E. H. Herman, R. M. Mhatre, I. P. Lee, and V. S. Waravdekar, 
Proc. Soc. Exp.  B i d .  Med., 140,234 (1972). 


(6) R. C. Mills, L. H. Maurer, R. J. Forcier, W. R. Grace, G. P. Burke, 
D. D. Karp, R. C. Smith, 0. R. McIntyre, and C. Bean, Cancer Treat. 
Rep., 61,477 (1977). 


(7) K.  Y. Zee-Cheng and C. C. Cheng, J.  Pharm. Sci., 59, 1630 
(1970). 


(8) R. H. Adamson, Cancer Chemother. Rep., 58,293 (1974). 
(9) T. K. Liao, W. H. Nyberg, and C. C. Cheng, Angewandte Chem., 


(10) E. G. Podrebarac and C. C. Cheng, J.  Org. Chem., 35, 281 


(11) K. Y. Zee-Cheng and C. C. Cheng, J.  Med. Chem., 13, 264 


79, 100 (1967). 


(1970). 


(1971)). . - - . - , . 
(12) K. D. Paull, R. K. Y. Zee-Cheng, and C. C. Cheng,J. Med. Chem., 


19.337 (1976). 
(13) R. K. Y. Zee-Cheng and C. C. Cheng, J.  Med. Chem., 21, 291 


(1  978). 
(14) R. I. Geren, N. H. Greenberg, M. M. MacDonald, A. M. Schu- 


macher, and B. J. Abbott, Cancer Chemother. Rep., Part 3, 3, 1 
(1972). 


(15) “Screening Data Summary Interpretation and Outline of Current 


Journal of Pharmaceutical Sciences 1 395 
Vol. 68, No. 3. March 1979 







Screen," Instruction Booklet 14, Drug Evaluation Branch, Division of 
Cancer Treatment, National Cancer Institute, Bethesda. Md., 1977. 


(16) G. Zbinden and E. Brindle, Cancer Chemother. Rep., Part 1,59, 
707 (1975). 


(17) G. Zbinden, E. Bachmann, and C. H. Hoderegger, Antibiot. 
Chemother., 23,255 (1978). 


C .  C .  Cheng *x 
Midwest Research Institute 
Kansas City, MO 64110 


G .  Zbinden 
Institute of Toxicology 
Federal Institute of Technology 


Zurich, Switzerland 


Robert K .  Y .  Z e e X h e n g  
Midwest Research Institute 
Kansas City, MO 64110 


and University of Zurich 


Received October 16, 1978. 
Accepted for publication December 14,1978. 
Supported by Contract N01-CM-33743 from the Division of Cancer 


The authors thank Dr. Harry B. Wood and Mr. Robert B. Ing of the 


*Present address: Mid-America Cancer Center Program, University 


Treatment, National Cancer Institute, National Institutes of Health. 


National Cancer Institute for their interest and encouragement. 


of Kansas Medical Center, Kansas City, KS 66103. 


Conformation, Partition, and Drug Design 


Keyphrases Conformations-drug, biological activity, fraction of 
conformer and partition coefficient o Structure-activity relation- 
ships-drug conformers, biological activity, fraction of conformer and 
partition coefficient 0 Partition coefficients-drug conformers, struc- 
ture-activity relationships, biological activity 


To the Editor: 
Current interest in drug conformation rests on the 


postulate that a single preferred conformer binds to the 
receptor productively. If this conformer can be identified, 
it can then be fixed, or at least its population can be en- 
hanced, by chemical means. In most areas of interest in 
drug design, however, drug-receptor complexes are not 
available for detailed molecular study, so the active con- 
formation must be inferred. The usual procedure has been 
to seek correlations between conformation, determined 
experimentally or theoretically for a drug series, and bio- 
logical response. 


Until recently, the dominant conformer was assumed 
to be the biologically active agent (1). While there have 
been problems of agreement on the form of the dominant 
conformer (2), the widely variable responses that can occur 
even when the physical conformation is unambiguous (3) 
have encouraged the idea that a minor conformer may 
sometimes be responsible for activity (4-7). Thus, besides 
an interest in the nature of the active conformation, there 
is an interest in the fraction of active conformer in solution 
and in how it varies with chemical structure (5,6). 


An entirely different approach to drug design is based 
on multiparameter correlations of biological response with 
partition coefficients and other physical properties. This 


I I 
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Scheme I-Distribution of drug D as active conformer Di and inactive 
conformer(s) DJ between the aqueous phase W, the lipoidal loss phases 


L, the receptor phase R, and the receptor surface. 


quantitative structure-activity relationship approach (8) 
is used routinely by medicinal chemists in drug design (9). 
These two different approaches are almost invariably 
pursued in isolation. The purpose of this paper is to discuss 
the relation between them. 


A flexible molecule behaves as many different molecules, 
depending on conformation. Different conformations have 
their own physical, chemical, biological, and thermody- 
namic properties. Of particular use is the concept of the 
micropartition coefficient, defined as the partition coef- 
ficient attaching to an individual conformer. 


Consider a drug supplied as a single dose to a multiphase 
system (Scheme I). Regions of similar partition coefficient 
constitute a single phase even if anatomically separate. The 
model comprises an aqueous phase (volume V w )  and a 
receptor phase (volume V R ) ,  together with N nonaqueous 
loss phases (devoid of receptors) with volumes VI, ( L  = 
1-N). If biological activity resides in a single conformer Di, 
its equilibrium concentrations in the various phases are 
[Db], [oh], and [LIZ] ,  giving fractions of active conform- 
er: 


Equilibration of the drug between the receptors and the 
receptor phase is defined by a binding constant: 


(Eq. 2) 


where [R] and [RD'] are the concentrations of free recep- 
tors and productive drug-receptor complexes, respec- 
tively. 


Suppose that drug distribution is much faster than 
degradation or elimination. Suppose also that the biolog- 
ical response is directly proportional to receptor coverage 
[ R D ' ] ,  that receptors are identical and independent, and 
that a negligible fraction of the total drug is bound to re- 
ceptors. Receptor flexibility and the mechanism and ki- 
netics of drug binding are outside the scope of this dis- 
cussion. If the total dose is S, then: 


S = Vw[Dw] + VH[DHJ + I a F N V ~ [ D ~ ]  


s = [UW] v w  + VHPR + 


(Eq. 3) 


(Eq. 4) 


where PR and PL are partition coefficients. The relation- 
ship [Dw]  = [DH]/PH,  taken with Eqs. 1 and 2, allows [Dw] 
to be substituted, giving: 


I.= I 


I 1 I.= I 
V,,PI, 
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GLC Assay of Verapamil in Plasma: Identification of 
Fluorescent Metabolites after Oral Drug Administration 
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Abstract 0 The fluorometric assay for verapamil in plasma is not useful 
after oral drug administration because of interference by inactive, but 
fluorescent, metabolites extracted along with the parent drug. A CLC 
method using a flame-ionization detector after silylation allows the 
separation of unchanged active verapamil from the metabolites and 
quantitation to a sensitivity of 0.025 pg/ml. After a single oral dose of drug 
in dogs, up to 80% of “fluorescent verapamil” represented inactive me- 
tabolites. 


Keyphrases Verapamil-GLC analysis, plasma fluorometric analysis, 
metabolite interference 0 GLC-analysis, verapamil in plasma 0 Va- 
sodilators-verapamil, GLC analysis in plasma 


Verapamil, 5-((3,4-dimethoxyphenethyl)methyl- 
amino] -2-(3,4-dimethoxyphenyl)-2-isopropylvaleronitrile 
(I), is an experimental antiarrhythmic and antianginal 
agent (1-5) and is currently undergoing clinical evaluation 
in the United States. Its pharmacological activity is related 
to suppression of transmembrane calcium fluxes in cardiac 
and other tissues (6,7). These “slow” calcium currents may 
be involved in the genesis of fatal arrhythmias during 
myocardial ischemia and associated with sudden cardiac 
death (8). 


BACKGROUND 


A fluorometric assay for verapamil in plasma (9) has been used to de- 
termine its elimination kinetics in dogs after intravenous injection (10) 
and to demonstrate a linear correlation between plasma drug concen- 
trations and both electrophysiologic and hemodynamic effects in dogs 
following systemic dosing (11 ). However, after oral administration o f  
verapamil to dogs. no relationship hetween plasma level and effect was 
found (12), raising the possibility that metabolites generated during the 
first passage through the liver interfere with the fluorometric assay. 


Verapamil is known to be metabolized extensively in rats and dogs, 
primarily to 0- and N-dealkylated derivatives through loss of the 3,4- 
dimethoxyphenylethyl moiety (13). Schomerus et al. (14) used mass 
fragmentography to confirm the extensive metabolism of the drug in 
three normal human subjects after a single oral dose but did not identify 
the specific metabolites produced. 


Since verapamil may become an important addition to the drugs 
availahle for treatment o f  cardiovascular disorders, the assay validity 
must be defined before further kinetic and pharmacological studies can 


be carried out. Two major metabolites of verapamil, 5-amino-2-13.4- 
dimethoxyphenyl)-2-isopropylvaleronitrile (D620) (11) and 5-methyl- 
amino-2-(3,4-dimethoxyphenyl~-2-isopropylvaleronitrile (D617) (111)1, 
were studied to determine possible interference with the fluorometric 
assay for parent verapamil. Furthermore, a GLC procedure specific for 
unchanged verapamil in the presence of I1 o r  111 was developed and is 
described. 


EXPERIMENTAL 


Fluorornetric Assay-The tluorometric assay for verapamil in plasma 
(9) involves extraction of drug from alkaline plasma with heptane and 
hack-extraction into acid. Fresh plasma from normal drug-free human 
subjects was pooled. T o  one group of aliquots, verapamil was added to 
achieve concentrations of 0.1, 0.5, and 1.0 pg/ml; to two other aliquots, 
I1 or Ill were added similarly. All samples were prepared in triplicate. 


The fluorometric assay was performed on each sample by an experi- 
enced technician under blind conditions, and the resulting fluorescence 
at  an excitation/emission spectra of 275/310 nm was recorded‘. The 
calculated recovery from these standards ranged from 85 to 94%. 


To additional aliquots of plasma from the same pool, combinations 
o f  verapamil and I1  and I11 were added, each in a concentration of 0.5 
pg/ml. The assay was carried out as previously described, and total flu- 
orescence was determined*. 


GLC Assay-All reagents and solvents were of analytical grade, and 
glassware was cleaned by superheating after a distilled water rinse (15). 
Fresh plasma was collected from normal human volunteers as well as from 
drug-free mongrel dogs; no differences were found between the two for 
the work described here, and the term “plasma” used here may apply 
equally to either species. 


Known amounts of verapamil and/or I1 and 111 were added to 2-ml 
plasma samples. After addition of 1.0 ml o f  1 N NaOH and 5.0 ml of 
heptane, the mixture was shaken for 15 min and centrifuged a t  1800 rpm 
for 10 min. Four milliliters of the heptane layer was transferred to a 15ml 
centrifuge tube containing 2.0 ml of 0.1 N HCI; each tube was shaken and 
centrifuged as before. ‘The heptane layer was aspirated and discarded, 
and the aqueous phase was washed twice with 2.0 ml of heptane. One 
milliliter of 1.0 N NaOH was added, and the acid layer was extracted with 
4.0 ml o f  heptane, with agitation and centrifugation as before. 


‘Three milliliters of the heptane layer was then transt‘erred to another 
tube and evaporated under a nitrogen stream during heating to 60’ on 


Kindly supplied hy Prof‘. K. Hahn, Knoll AC. Ludwigshafen. West  Ger. 


Aminco-Howman s~~ectroph~1t~111uorometer with ratio photometer unit, 
many. 


American Instrument Co. 
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CN CH3 
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Scheme I 


C3H, 
I11 


a waterhath. T o  the residue was added 100 pl of N-methyl-N-trimeth- 
ylsilyltrifluoroacetamide (IW3, with heating for 1 hr a t  65-70°. After 
cooling, evaporation was again effected under a nitrogen stream; the 
sample was then reconstituted with 25 p1 of methanol, and 5-pl amounts 
were injected into the gas chromatograph. 


The gas chromatograph4 was equipped with a glass column (1.8 m X 
2 mm i.d.) packed with 3% Dexsil-300" on 100-200-mesh WHP3. The 
column was silanized and conditioned a t  325' for 72 hr prior to use. The 
conditions were as follows: carrier gas (nitrogen) flow rate, 30 ml/min; 
inlet temperature, :310°; column temperature, 270"; and detector tem- 
perature, 350". The flame-ionization unit was supplied with hydrogen 
a t  30 ml/min and with air a t  300 ml/min. Detector responses were re- 
corded5, and peak areas were integrated electronically6. 


Animal Study-Verapamil(3 mp/kg in 30 ml of water) was adminis- 
tered by nasogastric tube to a healthy 20-kg mongrel dog which had been 
fasted overnight. Serial blood samples were collected over the following 
4 hr. Plasma was analyzed for verapamil by the fluorometric method (9) 
and the GLC technique described here. 


RESULTS AND DISCUSSION 


Fluorometric Assay-The fluorescence of verapamil, 11, and I l l  is 
shown in Fig. 1. Both metabolites fluoresced maximally a t  the same ex- 
citation/emission wavelength combination as the parent drug, and both 
were extracted with high recoveries (80-9W) in the plasma-heptane-acid 
procedure used for verapamil. The potential for interference by these 
metabolites with the fluorometric verapamil assay is illustrated in Fig. 


400 


v) 


k 5 300 
W 
V z 
v, 
W 
K 


J 
U 


J 200 


3 100 


VERAPAMIL VERAPAMIL VERAPAMIL I I  + I l l  
+ I I  +I l l  


Figure 2-Total fluorescence (after blank subtraction) found on assay 
of plasma to which oerapamil, II, and III were added in the cornbina- 
tions indicated; 0.500 pg of each cornpoundlml was present. 


2; various combinations of the compounds were extracted from plasma, 
and total fluorescence was determined. Both I1 and 111 showed a con- 
centration-fluorescence intensity relationship similar to that for un- 
changed verapamil; addition of one or both metabolites to plasma con- 
taining the parent drug resulted in a proportionate increase in total flu- 
orescence. 


The pharmacological activity of these fluorescent metabolites has not 


subtraction 
I l l  


) found on assav 
of plasma to whic:h oerapamil, 11, and III were added &'the concentra- 
tions shown. 


3 Pierce Chemical Co , Rockford, I l l .  
Model 3700 dual-column gas chromatograph. Varian Co., Walnut Creek, 


Calif. 
F, Model 9176 recorder. Varian Co.. Walnut Creek, Calif. 
6 CDS 1 I I integrator, Varion Co., Walnut Creek, Calif. 


Figure 3-Chromatograms o/ blank plasma (left) and plasma to which 
0.100 pg of verapamillrnl had been added (right). The assay procedure 
is described in the text. 
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T a b l e  I-Linearity a n d  Precis ion of P lasma Verapami l  Concen-  
t r a t i o n s  Measured  by GLC 


Plasma Concentration, Peak Area", 
m l m l  mean f SII x lo4 c'v. 96 
0.025 
0.050 
0.100 
0.250 
0.500 
1.000 


0.514 f 0.056 10.8 
1.013 f 0.106 10.4 
2.030 f 0.168 8.3 
6.531 f 0.521 7.9 


12.1'23 f 0.885 7.3 
24.674 f 1.517 6.1 


~ 


n = 6 at each plasma concentration 


H 


I MlN 
Figure  -t-('hromatograms ofplasma to  which I I  or I I I  icas added, using 
a column temperafur(> of 220". Both compounds icere added in a con- 
centration of (1.100 figglml. 


been specifically determined. However, since the concentration of  plasma 
verapamil determined fluorometrically is linearly related to the drug's 
effects after intravenous administration (10, 11) hut  not after oral ad-  
ministration (12), these (and possibly other) fluorescent metabolites 
probably are generated during the first passage through the liver and are 
either inactive or  have little pharmacological effect. In any event, the 
tluorometric assay for verapamil in plasma is not a valid reflection of the 
concentration of active drug in the presence of drug metabolites atter oral 
dosing. 


GLC Assay-Under the conditions described, verapamil could be 
extracted from plasma with good recoveries (range of89-96%,3 i n  a con- 


w 
I HIN 


Figure  5-('lironiulr,gra,n drriued by ciu/oma/ic  t rmperaturc  pro-  
gramming. / r i m  1%) /o  270'. increasing of u rat(' of 10a/min. Compound 
Ill elutc'd a t  n column temperature of approximately  220°, while 
Lv,rapnmi/ cmrrgrd at 270'. 


10' ! 
0.00 40.00 80.00 120.00 160.00 200.00 240.00 


MINUTES 
F i g u r e  6-Plasma uerapamtl concentrations measured by spectro-  
photolluorometric assay ( 0 )  arid CLC (A); serial samples were taken 
f rom a 20-kg mongrel dog gioeri 3 mg of perupamillkg (11 l imr zc'ro 


centration range of 0.02.5-1.000 pg/ml. Figure 3 shows chromatograms 
o f  hlank plasma and of plasma containing 0.100 pg of added verapamill 
ml. T h e  retention time tor verapamil was 7.3 min. 'rahle I gives da ta  on 
the reproducibility and sensitivity of the  GI,C procedure. T h e  assay was 
linear over the concentration range studied ( r  = 0.9995; p < O.OOl), which 
reflects the  plasma drug concentrations likely to be of clinical interest 
(10, 11). 


Of the  two metabolites studied, I1 did not appear to form a silyl de-  
rivative and could not be detected under the GI,C conditions used. 
Compound 111, however. was easily and quantitatively detected a t  a 
column temperature of '220" (Fig. 4).  Automatic temperature pro- 
gramming, beginning a t  a column temperature o f  1%)' and increasing 
at 10"/min, could he used to detect both 111 and parent veraparnil in the 
same plasma sample (Fig. 5). At the column temperature of 27O0 used 
to measure parent verapamil concentrations, Ill emerged with the solvent 
f r o  t i  t. 


Since this assay is specific for unchanged verapamil, it will he partic- 
ularly useful in pharmacokinetic and pharmacodynamic studies of the  
drug after oral dosing. For example, when both spectrophotofluorometric 
and G I X  techniqum were used to measure serial drug plasma levels in 
a dog given a single oral dose of verapamil. tluorometric analysis gave 
results four- LO fivefold higher than those measured hy CLC. indicating 
the presence of metaholites interfering with the tluorometric procedure 
(Fig. 6). 


On the basts o f  these and prior studies ( lO-- l2) ,  i t  appears that  the 
tluorometric assay for plasma verapamil is a valid reflection 0 1  the  con- 
centration of unchanged, active drug only alter intravclnous verapamil 
administration. After oral doses. a nuire specifi 
scribed (;I,C procedure, must he used to quantitate the parent com- 
pound. 
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Abstract 0 A quantitative high-performance liquid chromatographic 
method for the determination of chlorpropamide, tolbutamide, and 
their respective hydrolysis products, p-chlorobenzenesulfonamide and 
p-toluenesulfonamide, in solid dosage forms was developed. The method 
is stability indicating and can be used to determine the sulfonamide 
hydrolysis product and the intact drug in the presence of minor de- 
gradates. Method reproducibility, demonstrated by repeated injections 
of a calibration standard, was 1.21%. The lower limit of quantitation of 
the hydrolysis products, p-chlorobenzenesulfonamide and p-toluene- 
sulfonamide, was 0.2 j1g/5-p1 injection. The accuracy of the method for 
intact drugs was determined by comparison of the HPLC results to those 
obtained by the appropriate USP or BP assays. The mean of the results 
obtained by the two methods differed by 0.7% for chlorpropamide and 
0.3% for tolbutamide. Pure drug samples were spiked with amounts of 
the hydrolysis products ranging from 20 to 120% of the intact drug con- 
tent. The mean percent recovery for p-chlorobenzenesulfonamide was 
98.6%; for p-toluenesulfonamide, it was 100.6%. A qualitative TLC pro- 
cedure for the detection of chlorpropamide, p-chlorobenzenesulfonamide, 
dipropylurea, propylurea, n-propylamine, tolbutamide, p-toluenesul- 
fonamide, dibutylurea, butylurea, and n-butylamine is also described. 


Keyphrases 0 High-performance liquid chromatography-analysis of 
chlorpropamide, tolbutamide, p-chlorobenzenesulfonamide, p-tolu- 
enesulfonamide, stability in solid pharmaceutical dosage forms 0 
Chlorpropamide-high-performance liquid chromatographic analysis 
of stability in solid pharmaceutical dosage forms, sulfonamide degradates 
0 'rolbutamide-high-performance liquid chromatographic analysis of 
stability in solid pharmaceutical dosage forms, sulfonamide degradates 
0 Sulfonamides-degradation products of chlorpropamide and tolbu- 
tamide, high-performance liquid chromatographic analysis 0 Antidia- 
betic agents-chlorpropamide, tolbutamide, high-performance liquid 
chromatographic analysis of stability and sulfonamide degradation 
products 


The antidiabetic agents chlorpropamide and tolbuta- 
mide decompose under various experimental conditions. 
The major degradation route is hydrolysis (1, 2), mainly 
to p-chlorobenzenesulfonamide or p -toluenesulfonamide, 
but thermal dissociation in various solvents has been re- 
ported also (3,4).  


The USP XIX ( 5 )  spectrophotometric assay for tablets 
containing these drugs lacks specificity since the sulfon- 
amide degradates retain the UV chromophore of the intact 


drug. The BP 1973 (6) titrimetric procedures are selective 
because the sulfonamide degradates are weak acids that 
are not neutralized by the aqueous solution of sodium 
hydroxide. However, the method cannot be used to assay 
highly discolored samples due to interference in the visual 
detection of the end-point. 


Colorimetric procedures have been reported (2,7,8),  but 
these methods require prior separation of the degradates 
before the intact drug can be quantitated. A high-perfor- 
mance liquid chromatographic (HPLC) method for the 
quantitation of sulfonylureas in pharmaceuticals has been 
reported (9), but separation and quantitation of the hy- 
drolysis products were not demonstrated. An HPLC pro- 
cedure for the determination of chlorpropamide in tablet 
formulations was described (10) but was not suitable for 
resolution of the sulfonamide from the main drug. 


This paper describes a TLC technique for the detection 
of the major degradates of chlorpropamide and tolbuta- 
mide and an HPLC assay of intact chlorpropamide, tol- 
butamide, and their sulfonamide impurities, p-chloro- 
benzenesulfonamide and p -toluenesulfonamide, in solid 
dosage formulations. 


EXPERIMENTAL 


Materials-Chlorpropamide' and tolbutamide2 were recrystallized 
from acetone and found to meet USP XIX (5) specifications. p-Chloro- 
henzenesulfonamide:i, p-toiuenesulfonamide4, n-propylurea3, n-bu- 
tylurea4, n -dipropylurea5, n -dibutylurea6, n -propylamine7, n -butyl- 
amine', micronized prednisone*, acetic acidg, hydrochloric acidQ, chlo- 


I F. W. Horner Ltd., Montreal. Quebec. Canada. 
Paul Maney Laboratories, Toronto, Ontario, Canada 
Aldrich Chemical Co., Milwaukee, Wis. 
Eastman Organic Chemicals, Rochester. N.Y. 
Authentic samples, B.P. Commission. 
K & K Laboratories. Plainsview, N.Y. 


Analytical reagent grade. 
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Conformation, Partition, and Drug Design 


Keyphrases Conformations-drug, biological activity, fraction of 
conformer and partition coefficient o Structure-activity relation- 
ships-drug conformers, biological activity, fraction of conformer and 
partition coefficient 0 Partition coefficients-drug conformers, struc- 
ture-activity relationships, biological activity 


To the Editor: 
Current interest in drug conformation rests on the 


postulate that a single preferred conformer binds to the 
receptor productively. If this conformer can be identified, 
it can then be fixed, or at least its population can be en- 
hanced, by chemical means. In most areas of interest in 
drug design, however, drug-receptor complexes are not 
available for detailed molecular study, so the active con- 
formation must be inferred. The usual procedure has been 
to seek correlations between conformation, determined 
experimentally or theoretically for a drug series, and bio- 
logical response. 


Until recently, the dominant conformer was assumed 
to be the biologically active agent (1). While there have 
been problems of agreement on the form of the dominant 
conformer (2), the widely variable responses that can occur 
even when the physical conformation is unambiguous (3) 
have encouraged the idea that a minor conformer may 
sometimes be responsible for activity (4-7). Thus, besides 
an interest in the nature of the active conformation, there 
is an interest in the fraction of active conformer in solution 
and in how it varies with chemical structure (5,6). 


An entirely different approach to drug design is based 
on multiparameter correlations of biological response with 
partition coefficients and other physical properties. This 


I I 


i 


I 
20;. &== DL 7 DA 


! 
I 
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Scheme I-Distribution of drug D as active conformer Di and inactive 
conformer(s) DJ between the aqueous phase W, the lipoidal loss phases 


L, the receptor phase R, and the receptor surface. 


quantitative structure-activity relationship approach (8) 
is used routinely by medicinal chemists in drug design (9). 
These two different approaches are almost invariably 
pursued in isolation. The purpose of this paper is to discuss 
the relation between them. 


A flexible molecule behaves as many different molecules, 
depending on conformation. Different conformations have 
their own physical, chemical, biological, and thermody- 
namic properties. Of particular use is the concept of the 
micropartition coefficient, defined as the partition coef- 
ficient attaching to an individual conformer. 


Consider a drug supplied as a single dose to a multiphase 
system (Scheme I). Regions of similar partition coefficient 
constitute a single phase even if anatomically separate. The 
model comprises an aqueous phase (volume V w )  and a 
receptor phase (volume V R ) ,  together with N nonaqueous 
loss phases (devoid of receptors) with volumes VI, ( L  = 
1-N). If biological activity resides in a single conformer Di, 
its equilibrium concentrations in the various phases are 
[Db], [oh], and [LIZ] ,  giving fractions of active conform- 
er: 


Equilibration of the drug between the receptors and the 
receptor phase is defined by a binding constant: 


(Eq. 2) 


where [R] and [RD'] are the concentrations of free recep- 
tors and productive drug-receptor complexes, respec- 
tively. 


Suppose that drug distribution is much faster than 
degradation or elimination. Suppose also that the biolog- 
ical response is directly proportional to receptor coverage 
[ R D ' ] ,  that receptors are identical and independent, and 
that a negligible fraction of the total drug is bound to re- 
ceptors. Receptor flexibility and the mechanism and ki- 
netics of drug binding are outside the scope of this dis- 
cussion. If the total dose is S, then: 


S = Vw[Dw] + VH[DHJ + I a F N V ~ [ D ~ ]  


s = [UW] v w  + VHPR + 


(Eq. 3) 


(Eq. 4) 


where PR and PL are partition coefficients. The relation- 
ship [Dw]  = [DH]/PH,  taken with Eqs. 1 and 2, allows [Dw] 
to be substituted, giving: 


I.= I 


I 1 I.= I 
V,,PI, 
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Table I-Conformer Populations in Furfuraldehyde 
A&. - Ratio 


Tab le  11-Conformer Populations in 1-Fluoro-2-chloroethanes 
~ ..- 
Actrow, trans/ 


Medium c kcal/mole CLS Reference 


Vapor 1.0 1.0 (25O) 5 11 
2.0 (25O) 31 12 
2.0 (37’) 26 13 


1,l -Difluoro-2,2-dichloro- 2.9 0.34(37’) 1.7 13 
ethylene 


Dimethvl sulfoxide 45 -0.84 (37’) 0.22 13 


For a constant biological response (i.e., constant [RD’]) ,  
l/S is a measure of the potency of any drug within a series. 
If all nonaqueous loss phases can be considered collectively 
with PN as a net coefficient for partition into phases of 
total volume VN = ZfZr  VL, then: 


(Eq. 6) 
. .  


Three special cases exist, depending on which phase is 
dominant (contains most of the drug). 


Case l-If VRPR >> v w  + VNPN,  then 1/s a KRfk. 
Potency increases with the fraction of drug in the active 
conformation and with increasing affinity constant. This 
case is trivial. 


Case 2-If VW >> VRPR + VNPN,  then 1/S 0: K R ~ ~ P R .  
If most of the drug is lost in the aqueous phase, potency 
becomes a mixed function of partition coefficient and ac- 
tive conformer fraction; neither alone can be expected to 
correlate directly with biological data. 


Case 3-If VNPN >> VW + VRPR, then 1/S a 
KRfkPR/PN. 


Attention concentrates on Case 2, which is simpler than 
Case 3 but demonstrates the main principles and is ap- 
plicable equally to steady-state mod,els (7). 


The micropartition coefficient, Pk, for the active con- 
former may be defined by analogy with the overall or ma- 
cropartition coefficient, PR: 


(Eq. 7) 


By combining Eqs. 1 and 7,-it may be seen that: 
fkp~ = fiVP’R (Eq. 8) 


so an alternative form for Case 2 is l/S a K ~ f t v P k .  
Equation 8 demonstrates a necessary interdependence 


between the conformer balance and partition coefficient. 
Variations in the active conformer fraction between phases 
must be accompanied by variations in macro- and micro- 
partition coefficients. This result has consequence only 
to the extent that shifts in conformer balance actually 
occur. Conformer populations can vary substantially with 
solvent (10-14) (Tables I and 11), and this must mean that 
micropartition coefficients can vary sharply with confor- 
mation. Further evidence comes from recent work on hy- 
droxyureas (15). Similarly, the 4.3-fold increase in the 
octanol-water partition coefficient between p- and 
ortho-hydroxybenzoic acids is almost certainly due to in- 
ternally hydrogen-bonded species in the latter having 
greater micropartition coefficients than the open forms 
(16). 


In real tissues, drugs distribute themselves among the 
different biological phases in a complex manner. The two 


ACHouche - Act,,, Ratio 
Medium t kcalhole  translgauche Reference 


Vapor 1 .o 0.90 2.3 14 
Cyclohexane 2.0 0.3 1 0.85 14 
Methvl iodide 7.0 -0.16 0.38 14 
Acetdne 20.7 -0.64 0.17 14 
Pure liquid 21.1 -0.67 0.16 14 


a These values assume that the intensity of the C-CI stretching band is inde- 
pendent of conformation. The relative values of the trans-gauche ratio and d AG 
are unaffected by this assumption. 


forms for Case 2 show the effects of partition and confor- 
mation to be complementary variables in any model of 
such behavior. In our idealized situation (Case Z ) ,  the bi- 
ological potency is related to the usual macropartition 
coefficient, P, and the active conformer fraction in the 
receptor phase. Alternatively, a relation could be sought 
involving the active aqueous phase conformer fraction and 
the micropartition coefficient, Pk. Either relation in log- 
arithmic form takes on a quantitative structure-activity 
relationship appearance (9). The choice between them is 
a matter of experimental convenience. The utility of 1/S 
a K R & P ~  is limited by experimental difficulties in de- 
termining the micropartition coefficient, Pi ,  but such 
values may become more accessible as methods for theo- 
retical calculation improve. Some measure of the active 
conformer fraction will be required in any comprehensive 
study of the relation between structure and activity. 


This complementary relationship has implications for 
toxicity and pharmacodynamics. 
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Abstract 0 An osmolality method is described for quantitating sodium 
in isotonic solutions of diafiltered albumin and diafiltered plasma protein 
fractions. The proposed method shows comparable results with a refer- 
ence procedure based on atomic absorption spectrometry. 


Keyphrases Sodium-osmolality method for analysis in isotonic so- 
lutions of human albumin and plasma protein fractions 0 Osmolality 
method-analysis of sodium in isotonic solutions of human albumin and 
plasma protein fractions 0 Albumin, isotonic solutions-osmolality 
method for analysis of sodium 0 Plasma protein fractions-osmolality 
method for analysis of sodium 


Preparations of normal serum albumin and plasma 
protein fraction are clinically useful in plasma volume 
expansion under similar conditions. The sodium ion in 
these preparations does not cross vascular membranes 
instantaneously and, therefore, exerts a transient fluid- 
drawing or fluid-retaining effect (1). To avoid such a 
noncolloid osmotic pressure, the sodium content is ad- 
justed to the isotonic range of 130-160 X 


Accurate measurement of the total sodium and tonicity 
thus become important criteria for consideration before 
intravenous administration. This paper reports the sodium 
quantitation by an osmolality procedure and compares the 
results with those obtained by atomic absorption 'spec- 
trometry. 


M. 


EXPERIMENTAL 


Preparations of albumin and plasma protein fraction were obtained 
by alcohol fractionation according to Cohn et  al. (2). Removal of alcohol 
and salt was accomplished by procedures described previously (3,4). Each 
solution was adjusted to 5.0 f 0.3% protein in 0.004 M sodium caprylate 
and 0.004 M acetyldetryptophan. The final pH of the protein solution 
was 6.9 f 0.5. 


1000 


I- < 
w 0 400 


0 


2oo-l 
200 400 
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Figure 1-Correlation of sodium concentration to osmolality. 


Table I-Sodium as Measured by Osmolality Correlation and  
Atomic Absorption Spectrometry 


From 
Atomic 
Absorp- 


From tion 
Osmo- Cor- Spec- 
lality, rela- trom- 


Protein, f4 tion, e W ,  
Sample 5.0 f 0.3% mOs/ka 10-3M 10-3M 


1658-64 
1658-99 


PR2558 
PR2568 
PR2589 


1715-13 


1715-16 


1715-41 


1715-48 


Albumin 
Plasma protein 


Albumin 
Albumin 
Plasma protein 


Plasma protein 


Plasma protein 


Plasma protein 


Plasma protein 


fraction 


fraction 


fraction 


fraction 


fraction 


fraction 


259 140 
272 147 


258 139 
248 134 
280 152 


269 145 


266 144 


282 153 


269 145 


145 
147 


142 
136 
153 


146 


145 


145 


147 


The sodium content was assayed by atomic absorption spectrometry'. 
A vapor pressure osmometer2 measured the solution osmolality. Sodium 
stock standards were prepared by dissolving reagent grade sodium 
chloride in water for injection. Osmolality standards of 100,290,500,750, 
and 1000 mOsAcg were obtained commercially3. 


RESULTS AND DISCUSSION 


For the five standard solutions, osmolality uersus molarity was plotted 


(Eq. 1 )  


Nine individual samples were tested. Comparison with a reference 
method based on atomic absorption spectrometry is shown in Table 1. 
The osmolality results were within 10% of the results by atomic absorp- 
tion spectrometry. 


As shown in Table I, interference due to the presence of proteins did 
not seem to affect the correlation significantly. This result was expected 
since the albumin solution (at  least 96% albumin) or the plasma protein 
fraction solution (at least 83% albumin) accounted for less than 1 
mmolehiter of the total molecules or an osmotic pressure equivalent to 
less than 25 mm Hg by physical meausrements (5,6). For an isotonic 
solution, this value is only 0.5% of the calculated osmotic pressure (-5200 
mm Hg). 


The electrolytes are the main contributors to the total osmolality. Other 
ions such as potassium, if present at high enough levels, are interferences 
and will give erroneous correlation of sodium. In all studied samples, the 
potassium content did not exceed 2 mmoleshiter and, therefore, had an 
insignificant influence on the results. 


Theoretically, atomic absorption spectrometry measures the total 
concentration of sodium in a solution and the osmolality procedure 
measures the total concentration of dissolved particles in a solution 
without regard for the homogeneity or nonhomogeneity of the molecular 
species, the molecular weights, the particle sizes, or the densities. By a 
linear correlation relationship, the osmolality gives a direct reading of 
sodium content. Since contribution of protein to the total osmolality is 


(Fig. 1). A correlation was obtained by linear regression: 


sodium X M = 0.554 X osmolality (mOs/kg) - 3.58 


I Mtrdel306A. Perkin-Elmer, Norwalk, Conn. 
Model 51008, Wescor, Logan, Utah. 
Wescor, Logan, Utah. 
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minor, application of the present approach could be extended to other 
protein species. 


The method has been used in conjunction with an existing analytical 
method. Some advantages are that the reagents are stable and that the 
method requires no special equipment other than the osmometer and it 
is efficient. Above all, its accuracy is comparable to that achieved by 
atomic absorption spectrometry. 
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Quantitative Determination of Hexylresorcinol in 
Commercial Antiseptic Solution by High-pressure 
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Abstract 0 High-pressure liquid chromatography was used with a 5-pm 
silica gel column to quantitate hexylresorcinol in a commercial antiseptic 
solution following extraction with methylene chloride. This method shows 
linearity to a t  least 0.025% hexylresorcinol. A mobile phase consisting 
of 63% heptane, 34% chloroform, and 5% methanol was used with a UV 
detector (254 nm) and a flow of 3 ml/min. No interfering substances were 
observed. 


Keyphrases Hexylresorcinol-high-pressure liquid chromatographic 
analysis in commercial preparations 0 High-pressure liquid chroma- 
tography-analysis, hexylresorcinol in commercial preparations 


Methods for the quantitative analysis of phenolic de- 
rivatives utilize bromination (1, 2), GLC (3, 4), NMR 
spectroscopy (51, and high-pressure liquid chromatography 
(HPLC) (6). This report describes a rapid, quantitative 
HPLC method for the analysis of hexylresorcinol in a 
commercial antiseptic solution’. 


EXPERIMENTAL 


Chemicals and Reagents-All chemicals and reagents were USP, NF, 
ACS, or chromatographic grade. 


Chromatography-The high-pressure liquid chromatograph2 was 
equipped with a UV detector (254 nm) and a recorder. Septum injection 
was utilized. The column:’ (15 cm X 6.3 mm 0.d.) was packed with 5-pm 
silica. 


The chromatographic solvent consisted of 63% heptane, 34% chloro- 
form, and 316 methanol. The temperature was ambient, and the solvent 
flow rate was 3.0 ml/min (at  an inlet pressure of -70.3 kg/cm*). The de- 
tector was set a t  a sensitivity of 0.08 aufs, and the chart speed was 5.08 
cm/min (30.48 cm/hr). The elution order was phenol (2.7 min) and hex- 
ylresorcinol (4.7 min); total analysis time was 6 min. 


Preparation of Solutions-All solutions of hexylresorcinol and 
phenol (internal standard) were prepared (weight per volume) in meth- 
ylene chloride by a simple solution method. An aqueous solution of 
hexylresorcinol was prepared and used as a primary standard. This 
aqueous standard was run with each group of samples analyzed. The 
commercial antiseptic solution was purchased from a local pharmacy. 


1 ST 37 (Calyon). 
? Waters ALC 202 equipped with a separation injector. 


Hi Kff Micropart column (0.5-rrn silica), Applied Science Laboratories. 


Preparation of Linearity Curve-A 1% hexylresorcinol solution was 
prepared using methylene chloride containing phenol (0.025%) as the 
internal standard. Aliquots of this solution were diluted with the meth- 
ylene chloride containing phenol (0.025%) to yield five standard solutions 
consisting of 0.025, 0.05, 0.07, 0.10, and 0.125% hexylresorcinol with 
phenol (0.025%) as the internal standard. A volume of 5-10 pl of each 
standard was injected, and the peak height ratio of hexylresorcinol to 
phenol was calculated and plotted versus the hexylresorcinol concen- 
tration. 


The plotted data (Table I) indicated that the hexylresorcinol con- 
centration uersus the peak height ratio (y) was linear from 0.025 to 0.125% 
hexylresorcinol ( x )  (y = 8 . 9 6 0 ~  + 0.01 1; r = 0.999), and the straight line 
intersected zero. Three data points were determined for each concen- 
tration. The standard deviations are given in parentheses. 


Assay-A 5-ml aliquot of the commercial antiseptic solution was ex- 
tracted by adding 1 ml of 1 N HCI, 0.5 ml of internal standard (0.5% 
phenol in methylene chloride), and 4.5 ml of methylene chloride. The 
mixture was hand shaken for 1-2 min and centrifuged; the aqueous su- 
pernate was discarded by aspiration with a Pasteur pipet. A 10-pl sample 
of the extract was injected into the chromatograph. The aqueous standard 
containing 0.05% hexylresorcinol was carried through the same extraction 
procedure at the same time as the sample. A 0.116 hexylresorcinol solution 
in methylene chloride containing phenol (0.025%) was regularly injected 
during analysis to monitor instrument stability. 


Calculation-The following formula was used for calculating con- 
centrations: 


(Eq. I )  
R.9 %sample = - X % std 


Hstd 


where % sample is the percent hexylresorcinol in the sample, % std is the 
percent hexylresorcinol in the standard, Rxtd is the ratio of the peak 
heights of hexylresorcinol to phenol in the standard, and R, is the ratio 
of the peak heights of hexylresorcinol to phenol in the commercial anti- 
septic. 


Table I-Data for Linearitv Curve 


Hexylresorcinol 
Standard. % 


Peak Height 
Ratios 


0.025 
0.050 
0.070 
0.100 
0.125 


0.23‘2 (0.009) 
0.463 (0.015) 
0.637 (0.014) 
0.905 (0.019) 
1.130 (0.010) 
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Linearity of Modified USP Procedure-The linearity for the aspirin 
tablet and buffered aspirin tablet assays was examined. For the aspirin 
assay, mixtures of varying amounts of aspirin with 0.15 mg of salicylic 
acid for the aspirin tablet assay and 3.0 mg of salicylic acid for the buf- 
fered aspirin tablet assay were determined. The amounts of salicylic acid 
added were equivalent to the maximum amount allowed by the USP, 
assuming sample weights equivalent to 50 and 100 mg of aspirin, re- 
spectively. For the nonaspirin salicylates assay, mixtures of varying 
amounts of salicylic acid with 50 mgof aspirin for the aspirin tablet assay 
and 100 mg of aspirin for the buffered aspirin assay were determined. The 
amounts of aspirin added represented the quantity specified in the 
modified USP procedures. 


The aspirin assay was linear in the 0-75- and 0-130-mg ranges for the 
aspirin tablet assay and the buffered aspirin tablet assay, respectively. 
The nonaspirin salicylates assay was linear in the 0-0.3- and 0-5.0-mg 
ranges for the aspirin tablet assay and the buffered aspirin tablet assay, 
respectively. 


Precision of Modified USP Procedures-A statistical evaluation 
of the precision of the modified methods was performed on the assay 
results of two sets of s ix  accurately weighed preparations. The sets used 
contained either 4 . 1 5  mg of salicylic acid and 50 mg of aspirin or 0.30 
mg of salicylic acid and 100 mg of aspirin (Table 11). 


Effects of Methanol on Aspirin Assay-Methanol was used in the 
modified USP aspirin assay to clarify the column eluate, which was often 


turbid due to the physical removal of water by chloroform from the 
chromatographic column. Methanol had to be added accurately to both 
the assay preparation and the standard preparation since the presence 
of methanol affected the magnitude of the absorbance and the wavelength 
maximum of the aspirin peak (Table 111). Aspirin was stable in this sol- 
vent mixture for a t  least 6 hr. The  absorbance of an aspirin solution a t  
278 nm after this time was 99.5% of the initial value. After 24 hr, however, 
the absorbance dropped to 75% of the initial value. 


Comparison of Modified U S P  Assay and U S P  Assay-The results 
of studies on several commercially available aspirin and buffered aspirin 
tablets are summarized in Tables IV and V. The results indicate a good 
correlation between methods. 
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Abstract 0 The film-forming potential of lanolin alcohol was evaluated. 
Inclusion of ethylcellulose in lanolin alcohol improved film integrity. The 
hardness and modulus of elasticity of these lanolin alcohol-ethylcellulose 
films were improved by incorporating propylene glycol or cetyl alcohol. 
Triamcinolone acetonide release from selected film compositions was 
investigated. The data were analyzed from the viewpoint of the first-order 
kinetic theory and the release from a planar system having a homoge- 
neous or granular matrix. The results suggest that the drug release follows 
a diffusion-controlled matrix model and a square root of time release 
profile. The release rate constants were proportional to drug concen- 
tration. Drug release was maximal from a system containing the drug in 
a near-saturated solution. 


Keyphrases o Lanolin alcohol-films, kinetics of triamcinolone ace- 
tonide release, topical dosage forms Triamcinolone acetonide-release 
from lanolin alcohol films, kinetics, topical dosage forms, o Dosage forms, 
topical-lanolin alcohol films, kinetics of triamcinolone acetonide release 
Glucocorticoids-triamcinolone acetonide, release from lanolin alcohol 


films, kinetics 


Protective films containing therapeutically active agents 
have been used for dermatological and surgical applica- 
tions (1-3). An inert polymeric matrix impregnated with 
pilocarpine has been utilized to achieve prolonged and 
steady release of the drug for ocular administration (4). In 
certain dermatological applications, polymeric films con- 
taining a drug could offer advantages over conventional 
dosage forms. These potential advantages include en- 
hanced therapeutic .effect, predictable control over rate 
and extent of absorption, occlusion of the skin surface, and 
improved patient acceptance. 


Although several polymeric substances have been 
studied for their film-forming characteristics (5-7) and 
potential application in topical drug delivery systems, the 


nonpolymeric, high molecular weight substances appar- 
ently have not been investigated. Furthermore, the ap- 
plicability of this concept to topical drug delivery system 
design has not been explored fully. 


THEORETICAL 


Drug release from a planar system having a drug dispersed in a ho- 


8 = d D L ( 2 A  - C,)C, (Eq. 1) 
where Q is the amount of drug released per unit area a t  time t ,  D is the 
drug diffusion coefficient in the matrix, A is the total amount of drug 
present in the matrix per unit volume, and C,  is the drug solubility in the 
matrix. The relationship for release from a planar system having a 
granular matrix was shown to be (9) diffusion controlled and is given 
by: 


Q = dL (2A  - C C , ) C , ~ ~  (Eq. 2 )  


where D and C, refer to the diffusion coefficient and drug solubility in 
the permeating fluid, T is the tortuosity of the matrix, and t is the porosity 
of the matrix. 


Both these equations describe drug release as being linear with the 
square root of time: 


Q = kt  112 (Eq. 3) 


where k is the release rate constant. For a homogeneous matrix sys- 
tem: 


(Eq. 4)  
and for a granular matrix system: 


mogeneous insoluble matrix was shown (8) to follow: 


D 


k = V“D(2A - C,)C, 


k = 4”. ( 2 A  - C,)C, (Eq. 5) 


These relationships were confirmed experimentally using plastic and wax 
matrixes (10-15). 
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Table I-Effect of Change in Lanolin Alcohol-Ethylcellulose Ratio on Sward Hardness and  Modulus of Elasticity of Films Containing 
Propylene Glycol at Room Temperature  (22 f 0.5") 


Lanolin Alcohol- 
Ethylcellulose- 


Propylene Glycol 
Ratio" 


9.500.00:0.50 
9.000.50:0.50 
8.50: 1 .oO:0.50 
8.00:1.50:0.50 
7.50:2.00:0.50 
7.00.2.500.50 
6.503.00:0.50 


Constant for Sward Modulus of 
Mean Dry Film Varying Hardness Elasticity 


Thickness (X  103)b, Thickness, ( R  F, ( E ) ,  
inches K f  X 1O'O rocks psi (kg/cm*) 


0.189 0.030 2 3.55 (0.25) 
0.252 0.068 3 11.47 (0.81) 
0.402 0.450 4 44.19 (3.11) 
0.724 3.200 4 53.87 (3.79) 
1.047 
1.063 
1.425 


9.000 
9.200 


45.000 


4 
4 
3 


50.16 i3.53j 
51.27 (3.60) 
41.97 (2.95) 


a All films were cast from a 1Om (w/v) solution of film formers in isopropyl alcohol. * Thicknesses are expressed as mean values of five measurements. c Sward hardness- 
are expressed as mean values of three measurements rounded to the nearest whole number. 


Table 11-Effect of Change in Lanolin Alcohol-Ethylcellulose Ratio on Sward Hardness and  Modulus of Elasticity of Films 
Containing Cetvl Alcohol at Room TemDerature (22 f 0.5') 


Lanolin Alcohol- 
Ethylcellulose- 
Cetyl Alcohol 


Ratioa 


9.500.00:0.50 
9.00:0.500.50 
8.501.00:0.50 
8.00:1.50:0.50 
7.502.00:0.50 
7.00:2.500.50 
6.50:3.00:0.50 


Constant for Sward Modulus of 
Mean Dry Film Varying Hardness Elasticity 


Thickness (X  lo3)*, Thickness, (RF, ( E l ,  
inches K f  X 1Olo rocks psi (kg/cm*) 


0.189 0.030 2 3.55 (0.25) 
0.031 3 11.66 (0.85) 0.193 


0.504 0.850 4 42.52 (2.99) 
0.650 2.200 4 51.36 (3.61) 
0.480 0.700 4 40.43 (2.84) 
0.441 0.600 4 44.80 (3.15) 
1.284 30.000 3 38.31 (2.69) 


~ 


All films were cast from a 10% (wlv) solution of film formers in isopropyl alcohol Thicknesses are expressed as mean values of five measurements. Sward hardnesses 
are expressed as  mean values of three measurements rounded to the nearest whole number 


This paper reports a preliminary evaluation of films formed by lanolin 
alcohol. Propylene glycol or cetyl alrohol was used as the plasticizer and 
primary solvent for the test drug. The films formed by lanolin alcohol 
in combination with a known film former, ethylcellulose (16), also were 
tested in the presence of the mentioned plasticizers. The prepared films 
were evaluated by measuring the hardness and modulus of elasticity. 


This paper also describes studies of drug release from the films of se- 
lected compositions, showing the effect of change in proportion of film 
formers and the plasticizer and the nature of the plasticizer. Triam- 
rinolone acetonide was chosen as the model drug. 


EXPERIMENTAL 


Materials-The materials used for the preparation of the films were 
lanolin alcohol1 (mp 61-64"). ethylcellulo~e~, propylene glycol LISP3, and 
cetyl (hexadecyl) alcohol (cosmetic grade, d 0.84)4. Triamcinolone ace- 
tonide USP (solubility in distilled water a t  37" is 0.03 mg/nil)s and 
1,2,3(n)-3H-triamcinolone acetonide6 were used as the drugs. The sol- 
vents were isopropyl alcohol NF' and anhydrous methanol7 (spectral 
grade). A premade dioxane cocktail8 was the scintillation fluid. 


Film Preparations-For the initial screening, all films were cast from 
a 10% (w/v) solution of film former(s) and plasticizer in isopropyl alcohol. 
The films were cast on the mercury substrate. Sufficient solution was 
poured within astainless steel ring (9.2-cm i.d., 3-rnm height,which had 
been placed on a mercury surface contained in a 140 X 10-mm glass petri 
dish, and the solution was spread evenly across the mercury surface within 
the area bound by the ring. The petri dish was partially covered with its 
lid, and the solvent was allowed to evaporate overnight. 


The entire operation was carried out in a humidity-controlled room 
a t  30" and 40% relative humidity (RH). Partially covering the petri dish 
helped to control the solvent evaporation rate and the blistering of the 
deposited film surface. Film formation was easily noted by observing the 
mercury substrate after complete solvent evaporation. The film could 
be retrieved intact by slowly lifting the ring from the mercury substrate. 


I Su er Hartolan, Croda Inc., New York. N.Y. * EtRvl Cellulose N-50. Hercules Inc.. Wilmindon, Del. 
Ruger Chemical Co., lrvington, N.J. ' Branched-chain hexadecvl alcohol. M. Michel and Co.. New York. N.Y .- ~ ~~ 


6 D&matological Division,<Johnson and Johnson, New Brunswick, N.J. 


' Mallinckrodt ChemicaTWorks. St. Louis, Mo. 
8 Hydroscint. ICN Chemical and Radioisotope Division, Irvine, Calif. 


Amersham/Searle Cor , Arlington Heights, Ill .  


The isolated films were stored between sheets of wax paper in a desic- 
cator. 


Determination of Film Hardness and Modulus of Elasticity-Film 
hardness was determined on film cast on aluminum plates. For each 
composition tested, a 10% (w/v) solution of film former(s) and plasticizer 
was prepared in isopropyl alcohol and was cast on an aluminum plate 
using an applicatorg with a wet film thickness of -1 mm. These plates 
were then dried in a humidity-controlled room a t  30" and 40% RH. The 
exact thickness of the dried film was determined using a thickness 
measuring gaugelo. Film hardness was determined using a hardness 
tester'l. The rocker was calibrated before each measurement by checking 
for 100 oscillations on a standard glass plate. From the Sward hardness 
R (number of oscillations of rocker on the test film), the modulus of 
elasticity ( E )  was calculated with: 


K R 3  E = -  
T 3  (Eq. 6) 


The values of the constant K for thickness (T) were obtained from the 
literature (17). 


Solubility Studies-The solubilities of triamcinolone acetonide in 
propylene glycol and cetyl alcohol were determined a t  room temperature 
(22") and a t  37". 


Solubility was determined by adding excess steroid to 25 ml of pro- 
pylene glycol or cetyl alcohol in 50-1111 glass bottles with screw caps. A 
polytef-coated magnetic bar was placed in each bottle prior to capping 
it tightly. The bottles were kept in water baths on magnetic stirrers for 
6 days. All studies were conducted in triplicate. 


Prior to sampling, the stirring was stopped and the excess steroid was 
allowed to settle. An aliquot was filtered using a filterI2 with 0.22-pm filter 
paper. The filtration and sampling apparatus was allowed to equilibrate 
for 48 hr prior to use. The first 5 ml of the filtrate was rejected in each case 
to avoid any reduction in solubility values due to steroid adsorption in 
the filter paper (18). All operations were conducted in a constant-tem- 
perature room. 


The steroid concentration in the solvent was determined using a 
scanning spectrophotometer'3 after appropriate dilutions of the solvent 


@ Multiple-clearance applicator, Gardner Laboratory, Betheada, Md. 
lo Minitector (model N). Cardner Laboratory, Bethesda, Md. 
I I  I.C.1. automatic Sward hardness rocker. Cardner Laboratory. Bethesda, 


l2  Swinnex-25. Millipore Filter Corp., Bedford, Mass. 
l3 Perkin-Elmer model-202. Coleman Instruments Division, Oak Brook, Ill. 


Md. 
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Table 111-Effect of Change in Lanolin Alcohol-Propylene Glycol Rat io  on Sward Hardness and  Modulus of Elasticity of Films a t  
Room Temperature  (22 f 0.5") 


Lanolin Alcohol- Constant for Sward Modulus of 
Ethylcellulose- Mean Dry Film Varying Hardness Elasticity 


Propylene Glycol Thickness (X 103)b, Thickness, ( R Y ,  ( E ) ,  
Ratio" inches K( x 10'0 rocks psi (kg/cm2) 


8.50: 1.50:0.00 
8.25: 1.50:0.25 
8.001.500.50 
7.75:1.500.75 
7.50 1.50 1 .OO 
7.25: 1.50: 1.25 
7.00: 1.50 1.50 
6.501.502.00 
6.001.502.50 
5.501.503.00 
5.00:1.50:3.50 


0.669 
0.606 
0.724 
0.755 
0.809 
0.693 
0.874 
0.740 
0.724 
0.622 
0.622 


2.80 3 
1.12 4 
3.20 4 
4.54 4 
5.52 4 
3.13 4 
6.54 4 
4.05 4 
3.91 4 
1.52 4 
1.52 4 


25.22 (1.77) 
31.58 (2.22) 
53.87 (3.79) 
66.68 (4.69) 
66.58 (4.68) 
59.64 (4.19) 
62.31 (4.38) 
63.12 (4.44) 
65.66 (4.62) 
39.89 (2.80) 
39.89 (2.80) 


a All films were cast from a 10% (w/v) solution of film formers in isopropyl alcohol. Thicknesses are expressed as mean values of five measurements. Sward hardnesses 
are expressed as mean values of three measurements rounded to the nearest whole number. 


with anhydrous methanol. The steroid solubility was determined a t  239 
nm in propylene glycol and a t  265 nm in cetyl alcohol. 


Apparent Solubility in Lanolin Alcohol-The apparent solubility 
was estimated by determining the effective partition coefficient of the 
steroid in a lanolin alcohol-water system a t  22 and 37". 


About 100-200 mg of the melted lanolin alcohol was coated as a thin 
film i n  the bottom of a preweighed, 50-mI, flat-bottom polypropylene 
beaker and allowed to cool to room temperature. The beaker was weighed 
again to determine the exact film weight. Then 20 ml of a 0.002% (w/v) 
mixture of cold and radiolabeled triamcinolone acetonide was added. The 
beaker was covered with Parafilm and kept in a temperature-controlled 
water bath until equilibrium was reached. One-milliliter samples were 
withdrawn from the aqueous phase at  suitable intervals into a scintillation 
vial, and 10 ml of scintillation fluid was added to each. They were then 
analyzed radiochemically using a liquid scintillation counter14. 


The apparent partition coefficient, K,, was then determined using the 
equation proposed previously (19): 


(Eq. 7) 


where A1 and A, are the amounts of the drug in the lanolin alcohol and 
in the aqueous phase, respectively; A: is the initial amount of drug in 
water; and WI and We are the weights of lanolin alcohol and water, re- 
spectively. 


The apparent solubility was calculated from: 


(Eq. 8) 


where C,l is the apparent solubility in lanolin alcohol and Cp is the sol- 
ubility in water. 


Determination of Release Rate-Lanolin alcohol, ethylcellulose, 
and propylene glycol or cetyl alcohol were added in required quantities 
to 5 ml of isopropyl alcohol and allowed to go into solution by gentle 
heating. The solution was cooled to room temperature, and the required 
concentration of cold triamcinolone acetonide was added and allowed 
to go into solution. The radiolabeled steroid (10 pCi) in isopropyl alcohol 
was added to this solution, and the total volume was made up to 10 ml 
in a volumetric flask. Two milliliters of this solution was pipetted into 
a preweighed aluminum petri dish and allowed to spread evenly on the 
flat bottom (7.5 cm in diameter; area of 44.2 cm% 


The petri dish was kept on a level surface for 24 hr. and the solvent was 
allowed to evaporate to form a uniform film of 5-8-pm thickness. Com- 
plete solvent evaporation was confirmed by weighing the petri dish to 
a constant weight. The film-coated petri dish was stored in a desiccator 
containing anhydrous calcium chloride for a t  least 24 hr prior to the re- 
lease studies. The good adherence of the film to the petri dish ensured 
that only the exposed surface area (44.2 cm2) was available for release. 
The film was examined visually a t  the end of each experiment. No visible 
pores or "peeling" of the film from the petri dish was observed. 


The release studies were conducted in a dissolution assembly'5 with 
the following modifications. The dissolution flasks were replaced by 
1000-mI flat-bottom polypropylene beakers, and the dissolution basket 
assemblies were replaced by stainless steel stirrers with a propeller di- 


I' Beckman CPM-100 counter. 
l6 Hanson Research Corp., Northridge, Calif. 


ameter of 4.5 cm. The film-coated petri dishes were placed in the bottom 
of the beakers. The beakers were held in position by Plexiglas disks with 
central circular ports for the stirrers and a small sampling port. The 
stirring assembly was set in position, 300 ml of preheated (37") distilled 
water was added carefully to each, and the stirring was maintained a t  40 
rpm. The water bath was maintained a t  37". 


One-milliliter samples were drawn frequently over 24 hr and were re- 
placed by 1 ml of distilled water. Each sample was pipetted into a scin- 
tillation vial to which 10 ml of scintillation fluid was added. The samples 
were then analyzed using a liquid scintillation counter. The external 
standard ratio method was employed for calculation of counting efficiency 
using a standard quench curve. 


The release data were computed and analyzed by a computer'6 using 
a FORTRAN program. Appropriate corrections were applied for the 
sample withdrawn, and medium was added. All  release studies were 
conducted in triplicate. 


RESULTS AND DISCUSSION 


Film Characteristics-Lanolin alcohol was found to form thin, iso- 
latable films. The  lanolin alcohol films with a minimum thickness of 65 
pm could be easily recovered intact from the mercury substrate. The 
lanolin alcohol films with less than 65-pm thickness were fragile, and their 
uniformity and integrity during isolation could not he assured due, in 
part, to associated tackiness. The inclusion of appropriate amounts of 
solvent-plasticizer, e.g., propylene glycol or cetyl alcohol, reduced film 
tackiness. The lanolin alcohol film integrity was enhanced by ethylcel- 
lulose. When the solvent-plasticizer concentration was kept constant a t  
5% (w/w), the modulus of elasticity increased with the increasing pro- 
portion of ethylcellulose and a corresponding decrease in the proportion 
of lanolin alcohol. The modulus of elasticity reached a maximum value 
a t  an ethylcellulose concentration of 15% (w/w) with a corresponding 
lanolin alcohol concentration of 80% (w/w) (Tables I and 11). 


The effect of variation in the lanolin alcohol-propylene glycol ratio 
on film properties also was studied while the ethylcellulose content was 
held constant a t  15% (w/w) (Table 111). Compositions with 75-77.5% 
(w/w) lanolin alcohol and 7.5-109(, (wiw) propylene glycol produced films 
with a high modulus of elasticity (Table 111). These compositions also 
gave perceptibly good films. A further increase in the proportion of 
propylene glycol up to 25% (w/w) with a corresponding decrease in the 
proportion of lanolin alcohol did not substantially alter the film char- 
acteristics. However, an increase in the propylene glycol concentration 
beyond 25% (w/w) resulted in films that were definitely tacky and had 
a low modulus of elasticity. 


Solubility Studies-Triamcinolone acetonide solubility in propylene 
glycol a t  22 and 37O was 8.04 i 0.19 and 12.09 f 0.18 mg/ml, respectively. 
The solubility in cetyl alcohol a t  22 and 37" was 0.92 f 0.3 and 1.25 f 0.05 
mg/ml, respectively. The solubility values are expressed as the mean f 
SD of three determinations. The attainment of equilibrium solubility 
in 3 days was noted by the fact that there was no difference in absorbance 
between the samples analyzed a t  the end of 3 and 6 days. Since the cetyl 
alcohol had a strong absorption a t  239 nm. the side of the absorption band 
was used. Actual measurements of steroid concentration were made a t  
265 nm after verifying compliance with Beer's law. 


I6 Burroughs B6700. 
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Table IV-Comparison of Q versus t'/* and First-Order Treatments  of Triamcinolone Acetonide Release Data  from Films Containing 
Propylene Glycol as Plasticizer at 37 f 0.5" 


Lanolin Alcohol- 
Ethylcellulose- Drug Q versus t First Order 


Propylene Glycol Concentration", tl,, Correlation k x lo?, t l a p  Correlation K x 103, 
Ratio % mm Coefficient mg cm2 min-'12 min Coefficient m i d  


8.01.5:0.5 
8.0: 1.5:0.5 
8.0:1.5:0.5 
8.01.50.5 
8.5:1.0:0.5 
8.5: 1.00.5 
8.51.00.5 
8.51 . M I A  


0.50 
0.99 
1.96 
2.91 
0.50 
0.99 
1.96 
2.91 


24.05 
4.70 
0.35 
6.26 


17.14 
-0.53 


7.18 
-0.07 


0.992 
0.995 
0.994 
0.994 
0.997 
0.980 
0.996 
0.979 


0.405 -54.51 0.990 0.639 
1.056 -56.62 0.983 1.169 
1.650 -195.74 0.978 0.696 
2.849 -113.20 0.986 0.858 
0.448 -65.47 0.996 0.764 
1.131 -41.54 0.919 1.833 
1.969 -92.23 0.995 0.929 
2.384 -258.55 0.957 0.636 


0 Weight of drug per weight of dry film. Drug concentration exceeded solubility in all cases. * All correlation coefficients and k and K values were computed from the 
regression line drawn from the data obtained by triplicate runs a t  each level by using the TEKTRONIX (model 4005-1) graphics terminal. 


The apparent solubility of triamcinolone acetonide in lanolin alcohol 
a t  22 and 37' was 0.13 f 0.01 and 0.41 f 0.01 mg/g, respectively. The 
attainment of equilibrium in 5 days was noted by running the partitioning 
experiment for 8 days with daily sampling of the aqueous phase. No 
further reduction in aqueous phase radioactivity was observed after 5 
days. 


Release Kinetics-Higuchi (9) showed that the Q versus t *I2 rela- 
tionship is common to homogeneous as well as to granular matrix systems 
during unidirectional leaching or extraction from a simple planar surface 
(Eqs. 1-5). It is necessary that A be greater than C, (for homogeneous) 
or tC, (for granular matrix) by a factor of three or four. A first-order re- 
lease mechanism in which the release rate is proportional to the amount 
of drug left in the matrix also might be considered possible for drug re- 
lease from polymeric systems of this type (11,15,16). This can be shown 
as: 


where Q., is the initial amount of drug present per unit area of the film, 
Q is the amount of drug present per unit area a t  time t, and K is the 
first-order rate constant. 


10.0 


8.0 


. 
6.0 


z 5 4.0 
I 


2.0 


5.0 15.0 25.0 35.0 
P a ,  minx 


Figure 1-Drug release from films containing lanolin alcohol-ethyl- 
cellulose-propylene glycol (8.0:1.5:0.5) a t  different concentrations of 
triarncinolone acetonide. Key: X, 0.50%; A, 0.99%; 0,  1.96%; and 0,  
2.91 76. 


In this study, the release data were analyzed to determine which release 
mechanism might be operative. The data comparing both of these 
treatments for triamcinolone acetonide release from matrixes containing 
propylene glycol as plasticizer are shown in Table IV and Figs. 1 and 2. 
The linear square root of time plots had high correlation coefficients. The 
observed lag times were relatively small, and the release rate constant, 
k ,  increased with the increase in drug concentration, as predicted by Eqs. 
1 and 2. On the other hand, relatively high correlation coefficients also 
were obtained for the first-order treatment of the release data. However, 
highly negative lag times and a lack of constancy in the first-order con- 
stants (Table IV) strongly point against this mechanism. An initial cur- 
vature effect also was noticed in all first-order treatments of the data. 
A representative plot of the first-order data is shown in Fig. 5. Similar 
results were seen with systems containing cetyl alcohol as the plasticiz- 
er. 


Figures 1-4 show the Q versus t lp2  treatment of the data for different 
concentrations of triamcinolone acetonide in matrixes containing pro- 
pylene glycol or cetyl alcohol. All plots show the mean of three observa- 
tions because of small standard deviations involved in most cases. The 
maximum amount of drug released varied from 7.6 to 46.0% of its solu- 
bility in distilled water a t  37O. A good linear fit was observed in all cases, 
with slight negative deviation a t  longer time intervals and for higher drug 
concentrations. This deviation might be due to the exhaustion of the drug 
in the suspension phase and to the increase in diffusion distance for the 


g.Oi / 


5.0 15.0 25.0 35 .O 
tx, min% 


Figure 2-Drug release from films containing lanolin alcohol-ethyl- 
cellulose-propylene glycol (8.5:1.0:0.5) at different concentrations of 
triamcinolone acetontde. Key: X, 0.50':; A, 0.99%; 0 ,  1.96%; and 0, 
2.91 T & .  
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Table V-Q versos t i /*  Treatments  of Triamcinolone Acetonide Release Data from Films Containing Cetyl Alcohol as Plasticizer at 
37 f 0.5" 


Lanolin Alcohol- 
Ethylcellulose- 
Cetyl Alcohol Drug Concentration", k x l V b ,  t l?g' Correlation 


Ratio 96 mg cm2 min-1/2 min Coefficient 


8.0 1.5:0.5 
8.01.5:0.5 
8.0:1.5:0.5 
8.0: 1.5:0.5 
8.S:l.O:O.S 
8.5: i , 0 0 5  
8.5:1.00.5 
8.S:1.0:0.5 


0.50 
0.99 
1.96 
2.91 
0.50 
0.99 
1.96 
2.91 


0.454 
1.270 
2.116 
2.926 
0.540 
0.940 
1.940 
2.756 


5.94 
0.52 
0.14 


-0.07 
-3.72 


5.26 
0.06 
1.98 


0.990 
0.965 
0.967 
0.932 
0.957 
0.996 
0.974 
0.982 


(1 Weight of drug per weight of dry film. Drug concentration exceeded solubility in all cases. All k values and correlation coefficients were computed from the regression 
line drawn from the data obtained by triplicate runs a1 each level by using the TEKTRONIX (model 4005-1) graphics terminal. 


drug in the film. The observed lag times never exceeded 1.7% of the total 
release period (24 hr). 


Effect of Drug Concentration-The densities of lanolin alcohol and 
ethylcellulose were determined to be 0.98 and 1.38 g/ml using the pyc- 
nometric method. The weight per weight drug concentrations (Tables 
IV and V)  were converted to weight per volume ( A  values) concentrations. 
The effect of the changing the drug concentration on the release rate 
constant, k,  was tested using these concentrations of triamcinolone 
acetonide for each composition of the film tested. In all cases, the k uersus 
A plots were slightly more linear ( r  = 0.992) than the k uersus All2 plots 
( r  = 0.960). While Eqs. 4 and 5 predict a linear relationship between k 
and A'"', the observed results also could be explained in terms of a 
granular matrix system alone if the initial porosity were assumed to be 
very small. Such as assumption appears to be reasonable since these 
matrixes contain a plasticizer. Higuchi (9) showed that in those instances 
where initial porosity is very small or where the fraction of the matrix 
volume occupied by the drug is relatively large, t 2 K A  and Eq. 5 reduces 
to: 
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Figure 3-Drug release from films containing lanolin alcohol-ethyl- 
cellulose-cetyl alcohol (8.0:1.5:0.5) at different concentrations of  tri- 
amcinolone acetonide. Key:  X. 0.50'h; A, 0.99'5;; 0 .  1 . 9 6 % ;  and 0 ,  
2.91 "b .  


k = A t/K (2 - KC,)C,  (Eq. 10) 


where K is equal to the specific volume of the drug if A is expressed in 
terms of grams of drug per milliliter. 


Effect of Change in Plasticizer-According to Eq. 4, one would 
expect k to decrease substantially when the solvent-plasticizer is changed 
from propylene glycol to cetyl alcohol in view of the nearly eightfold 
difference in drug solubility in that vehicle. This expectation would be 
valid if  D, the diffusion coefficient of the drug in the matrix, were not 
altered significantly by the change of the solvent-plasticizer. Alterna- 
tively, in the same release medium, Eq. 5 would predict comparable k 
values for the two systems differing only in the nature of solvent-plas- 
ticker, provided that volume, porosity, and tortuosity of the matrix are 
not significantly altered. This might well be the case for the systems 
studied since the k values for the cetyl alcohol systems (Table V) were 
comparable to those for the propylene glycol systems (Table IV). 


Effect of Vehicle Composition-Table VI describes the effect of drug 
solubilization on drug release by varying the propylene glycol-lanolin 
alcohol concentration. The steroid concentration (0.10% w/w) was cho- 
sen, in part, to permit this study in films of sufficient integrity. The 
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Figure 4-Drug release from f i lms containing lanolin alcohof-ethyl- 
cellulose-cetyl alcohol (8.5:1.0:0.5) at different concentrations o/ tri- 
amcinolone acetonide. Key.  X, 0.50%; A, 0.99%; o, I.%";.; and 0 ,  
2.91 7;). 


706 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 6, June 1979 







Table VI-Release of 0.10% (w/w) Triamcinolone Acetonide 
from Matrixes Containing Different Percentages of Propylene 
Glycol a f t e r  6 hr at 37' 


Lanolin 
Alcohol-Ethylcellulose- 


Propylene Amount" 
Glycol Ratio Released, % 


8.5:1.50.0 37.11 f 0.62 
8.0 1.50.5 40.46 f 1.12 
7.7: 1.50.8 32.38 f 0.71 
7.01.51.5 30.48 f 0.29 


0 All values are expressed as the means f SD of three runs. 


maximum release of drug was obtained with systems containing the drug 
in a near-saturated solution (5% propylene glycol). The release rate de- 
creased with systems containing no propylene glycol (major solubilizer) 
as well as with systems containing the solubilizer in excess of that required 
to dissolve the steroid completely (8 and 15% propylene glycol). These 
vehicle effects are consistent with those reported for fluocinolone ace- 
tonide from propylene glycol-water gels (20). 


Conclusion-This film-forming capability of lanolin alcohol is po- 
tentially significant and appears to have remained unrecognized in spite 
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Figure 5-First-order plots of drug release from films containing lanolin 
alcohol-ethylcellulose-propylene glycol (8.0:1.5:0.5) at different con- 
centrations of triamcinolone acetonide. Key: X, 0.50%; A, 0.9951; 0 ,  
1.96Sb;and 0 ,2 .91%.  


of the use of this material in cosmetic and derrnatologic preparations. 
Additional work is planned to explain its film-forming ability. 


The release of suspended triamcinolone acetonide from films of lanolin 
alcohol in combination with ethylcellulose and propylene glycol or cetyl 
alcohol followed the diffusion-controlled granular matrix model (9). The 
in uitro skin penetration work in progress may help to determine the 
rate-limiting step during topical drug absorption. 
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Abstract 0 The absorption and metabolism of the quaternary ammo- 
nium compound thiazinamium methylsulfate were studied in humans 
using plasma concentration data and urinary excretion measurements. 
After giving a dose of 150 mg in suppositories, the reIative bioavailability 
was 5.8 f 3.2 ( S D )  %of the dose, comparable to the values obtained fol- 
lowing oral administration. The degree of first-pass effect observed after 
rectal administration was comparable with that after oral administra- 
tion. 


Keyphrases 0 Thiazinamium methylsulfate-rectal absorption and 
metabolism in humans 0 Absorption, rectal-thiazinamium methyl- 
sulfate in humans 0 Metabolism-thiazinamium methylsulfate in hu- 
mans 0 Phenothiazine derivatives-thiazinamium methylsulfate, rectal 
absorption and metabolism in humans Antihistaminics-tliiazinam- 
ium methylsulfate, rectal absorption and metabolism in humans 


It has been widely assumed that, after rectal adminis- 
tration, drugs mainly enter the general circulation without 
an initial passage through the liver, provided that the 
suppository does not reach the higher parts of the rectum 
(1,2). The drug supposedly enters the inferior or middle 
rectal veins, which drain into the vena cava inferior. The 
blood in the superior rectal vein flows to the portal vein and 
subsequently enters the liver. 


After oral administration, most drugs enter the portal 
vein, so a 100% passage through the liver is involved. Once 
a drug enters the general circulation, approximately 20% 
of the total blood flow passes through the liver during each 
circulation, whatever the route of administration. How- 
ever, when drugs are administered parenterally, the total 
first passage through the liver does not occur. It has been 
assumed that the same condition would apply for the rectal 
route. For this reason, rectal administration has been 
recommended as a noninvasive alternative for drugs 
largely metabolized by the liver or excreted in the bile and 
for drugs subject to degradation in the GI tract. 


Thiazinamium methylsulfate’ (I) is a phenothiazine 
derivative with a quaternary ammonium group in the 
molecule. The drug is used for the treatment of some 
generalized obstructive lung diseases because it causes 
bronchodilatation (especially after intramuscular injec- 
tion) as a result of substantial anticholinergic and anti- 
histaminic properties (3-9). 
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Table  I-Absorption Characterist ics of Thiazinamium Methylsulfate a f t e r  Rectal  Administration of a 150-mg Dose 


Patient Patient Patient Patient Patient Patient Patient 
Parameter GL PH WM HH WB MF TJ Mean f SD 


Age, years 57 62 52 63 26 71 68 57 f 15 
Body weight, kg 74 86 79 67 70 72 75 7 5 f 6  
Height, m 1.78 1.74 1.81 1.76 I .74 1.76 1.77 1.77 f 0.02 
Dose, mg/kg 2.63 2.26 2.46 2.90 2.78 2.70 2.59 2.62 f 0.21 
cmnVa.  ndml  72 54 142 63 45 290 53 103 * 89 
t i i i b ,  min 45 90 45 120 105 15 20 63 I 4 2  
F,l' , % of dose 6.3 6.6 11.0 6.9 0.7 j.8 3.4 5.8 f 3.2 
( E , d t o t d ,  YO of dose 6.6 6.8 11.6 8.1 0.7 5.8 3 7 6.2 f 3.4 


a Maximum plasma concentration. * Time at which cmaX was reached. Relative bioavailability (compared to intramuscular injection). d Estimated values obtained 
after extrapolation except for Patients WB and MF (measured values). 


In excretion and metabolism studies (10, 111, an ex- 
tensive first-pass effect apparently occurred when thia- 
zinamium cations were administered orally. Moreover, a 
high proportion of both the unchanged drug and the me- 
tabolite was found in bile (12). 


The purpose of this study was to  investigate whether 
rectal administration of I would offer better systemic 
bioavailabili ty. 


EXPERIMENTAL 


Dosage Form-The lipophilic (fatty) base was a mixture2 of some 
mono-, di-, and triglycerides of naturally occurring saturated fatty acids 
( C ~ ~ - C I R ) ,  with a melting range of 33.5-35.5" and a congealing range of 
32.5-34.5'. The specific gravity of the hase at  20° is 0.950-0.980; it has 
an iodine number less than three, a saponification value of 230-240, and 
a hydroxyl value of less than 15 (13). 


I t s  melting behavior both in uitro and in uiuo was described by Ritschel 
(14), who showed that a suppository of the lipophilic base without ad- 
ditional drug suhstances melted almost completely in the human rectum 
within 10 min. 


For all experiments involving rectal administration, a dose of 0.4747 
mM (150 mg) of thiazinamium base (calculated as the hydroxide), equal 
to 194.6 mg of the methylsulfate, was selected. The drug was passed 
through a sieve to obtain particles <150 pm in size. The suppositories 
were prepared by the fusion method, i.e., a suspension ofthe powder was 
mixed with 2 mg of colloidal silica? in the molten base (about 50O). The 
liquid then was poured into 2-ml molds at 34-35'. 


The drug content in the suppositories was determined by an amphi- 
metric titration to be 100.3% ( n  = 3) of the stated amount (10). The dis- 
solution rate of the suppositories was determined as described previously 
(1 .5 ,  16). The dissolut.ion half-life was 6 min. 


Analytical Methods-The amount of thiazinamium cations in plasma 
and urine was determined as described previously (17). The procedure 
is based on ion-pair extraction of the compound with iodide as a coun- 
terion, followed by GLC with an alkali flame-ionization detector. 


Thiminamium sulfoxide cations were isolated from the urine by means 
of column chromatography using an ion-exchange resin4, followed by 
two-dimensional TLC (18). The sensitivity of the latter method was not 
sufficient to allow the measurement of metabolite concentrations in 
plasma. 


Protocol-Seven male patients with generalized obstructive lung 
disease (Tahle I)  had no abnormalities in their blood composition, kidney 


i'H , 
I 


Witepsol H-15, Dynamit Nohel A.G., Cheminrhe Werke Wilten. Witten. Ger- 
man Federal Republic. 


Aerosil. 
Amberlite XAD-2. 


function, liver function, and digestive tract. None of the patients used 
other drugs during the investigation or the preceding week. Patients 
fasted overnight. After drug administration at 9.00 am, the patients 
stayed in hed for 1 hr. 


Blood sampling took place a t  0,3,6,10,15,20,30,45,60,75,90, 105, 
120, 150,180,210,330, and 420 min following drug administration. The 
samples (-10 ml) were drawn from a permanent cannula5 with a three- 
way stopcock6 placed in the right cuhital vein. The  blood was collected 
in 15-ml glass tubes with screw caps7; each contained 1 drop of heparin 
solution (5 mg = 500 IJ of heparin sodium/ml of distilled water). The 
samples were immediately stored in a refrigerator a t  4'. 


Within 2 hr of collection, the samples were centrifuged for 20 min a t  
6000Xg. Next, 4.0 ml of the plasma layer was transferred to a 50-ml 
centrifuge tube8 and stored a t  -2OO. It was analyzed within 2 months. 
Within this period, no significant decrease in the concentrations could 
be detected (10). 


Immediately after drug administration, each patient was allowed to 
drink 200 ml o f  water. After 90 and 210 min, the patients were given a 
light meal (rusks with sugar and a glass of orange lemonade). During the 
experiment, the patients were allowed to drink water upon request. 


Urine was collected every hour, if possible, during the first 7 hr of the 
investigation and up  to 24 hr afterwards. 


Determination of Relative Bioavailability-The areas under the 
plasma concentration-time curves were determined by cutting and 
weighing a standard high-quality paper. The  relative bioavailability 
uersus an intramuscular injection of 12.5 mg (which was found to have 
an absolute bioavailahility of 100% during the time of the experiment) 
in the same patients was calculated hy comparing the areas under the 
curves after correction for the dose. This comparison was allowed because 
the pharmacokinetics of this drug are not dose dependent (10). 


RESULTS AND DISCUSSION 


Rioavailability-Typical plasma concentration-time curves are given 
in Fig. 1 .  Plasma concentrations were generally low. In most patients, 
absorption started rather quickly. The t,,, values varied from 15 to 120 
rnin with a mean value of 63 i 42 ( S D )  min, suggesting that thiazinamium 
cations are rapidly liberated from the hase in the rectum. This finding 
is in agreement with the in uitro experiment. 


The values for cmax varied from 54 to 290 ng/rnl, with a mean value of 
103 f 89 (SD) ng/ml. In most patients, a more or less pronounced plateau 


2- 
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Figure I-Typical examples of individual plasma concentration-time 
curues obtained after rectal administration of a suppository containing 
150 mg of thiazinamium. 
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Table 11-Cumulative Urinary Excretion of Thiazinamium Cations (I)  and  Thiazinamium Sulfoxide Cations (11) a f t e r  Rectal  
Administration of a 150-mg Dose” 


Patient Patient Patient Patient Patient Patient 
Parameter GL PH WM WB M F  TJb Mean f SDC 


I, % of dose 2.2 1.9 5.3 0.6 2.5 1.4 2.5 f 1.7 
1, % of F r e t  35.1 28.7 47.9 96.9 43.4 33.3 55.9 f 16.5 
11, % of dose 2.0 1.8 4.6 1 .o 1.2 1.6 2.1 i 1.5 
11, % of Fr.l 32.1 26.7 42.2 161.5 20.4 38.0 56.6 f 59.2 
I t 11, % of dose 4.2 3.7 9.9 1.6 3.7 3.0 4.0 f 3.1 
I + 11, %of Fret 67.2 55.4 90.1 258.4 63.8 71.3 106.9 f 85.6 


Intramuscular I to 11 ratiod 1:0.16 k0.25 1:0.29 1:0.17e 1:0.26 1:0.34 1:0.25 
I to I1 ratio k0.92 1:0.93 1:0.88 k1.67 1:0.47 k1.14 1:1.01 


~ 


a No urinary excretion data are available for Patient HH. Until 390 min after administration. Mean of data of five patients (TJ omitted). For comparison, the 
ratio between unchanged drug and metabolite in urine 88 observed after intramuscular injection of a 12.5-mg dose is also given. Until 420 min after injection. 


level was found where the plasma concentration remained relatively 
constant. This finding may indicate that the absorption of the drug 
continues for an extended period. 


From the plasma concentration-time curves during the experiments, 
a mean relative bioavailability, Fret, of 11.5 f 6.0 (SD) mg of thiazinam- 
ium methylsulfate was calculated, which equals 5.8 i 3.2 (SD) %of the 
dose. In two patients, the curve had already declined to zero a t  7 hr after 
administration; in five patients, extrapolation to zero was passible, which 
led to an estimated total relative bioavailability, (Fre~)totr of 6.2 f 3.4 ( S D )  
% of the dose. These data are of the same order of magnitude as those 
following oral administration (11). 


Biotransformation and Urinary Excretion-Earlier investigations 
(10) showed that only one metabolite, thiazinamium sulfoxide, was 
formed in humans. Figure 2 represents the cumulative renal excretion 
of thiazinamium cations and thiazinamium sulfoxide cations in Patient 
GL. Table I1 lists the quantities of these compounds excreted during the 
experiment. 


The excretion of thiazinamium cations appeared to be rapid. In general, 
the patients had already excreted in 7 hr -90% of the total amount ex- 
creted in 24 hr. The amount of unchanged drug excreted over 24 hr varied 
from 28.7 to 96.9% of the calculated value of the bioavailability. 


However, the 96.9% value (Patient WB) was much higher than the 
values obtained from the other patients, so WB may represent a special 
case. Without this value, the excretion varied between 28.7 and 47.9% of 
the calculated bioavailability [mean value of 38.8 f 8.6 (SD) %I. 


Figure 2 shows that the renal excretion rate of thiazinamium sulfoxide 
cations was almost identical to that of the unchanged drug. The mean 
value of the amount of thiazinamium sulfoxide cations found in the urine 
of Patients GL, PH, WM, WB, and MF accounted for 30.4 f 9.2 (SD) % 
of the bioavailability. 


The mean ratio between the unchanged drug and metabolite (Table 
11) was k1.01. Without the value for Patient WB, a mean ratio of 1:0.78 
was found. After an intramuscular injection of a dose of 12.5 mg in the 
same patients, the mean value for the ratio between the unchanged drug 
and metabolite was much lower, namely 1:0.25. 


The difference between these ratios strongly suggests that a substantial 


. .  


HOURS 


Figure 2-Typical example of cumulative renal excretion curves of 
thiatinamium cations (x) and thiazinamium sulfoxide cations (0) after 
rectal administration of 150 mg to Patient GL. 


first-pass effect occurs after rectal administration. Comparison with data 
obtained after oral and intramuscular administrations in another group 
of patients (10, 19) indicates that  the first-pass effect foltowing rectal 
administration is of the same degree as that  after oral administration 
(ratio 1:0.94). 


This finding implies that  thiazinamium cations only partially bypass 
the first liver passage when administered rectally. This conclusion is 
rather surprising because, although there is no concrete evidence, it is 
currently accepted (1,2) that  rectally administered drugs enter the sys- 
temic circulation largely without initial passage through the liver (pro- 
vided that the suppository does not reach the higher parts of the rec- 
tum). 


To explain a first-pass effect after rectal administration of thia- 
zinamium cations, it must be assumed that this drug enters the systemic 
circulation almost exclusively by way of the smaller rectal vessels, which 
drain into the portal vein and subsequently the liver, just as in the case 
of oral administration. As pointed out previously, only the veins of the 
higher part of the rectum drain directly into the portal veins. Therefore, 
the drug must have been transported largely by way of the superior rectal 
veins. 


If part of the drug is absorbed in the inferior or middle rectal veins, i t  
probably then reaches the superior rectal veins by way of the numerous 
connections (anastomoses) between them. Another possibility is that  the 
molten suppository quickly reaches the higher parts of the rectum and 
that the drug is directly absorbed into the superior rectal veins. 
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Abstract 0 A sensitive and specific GLC method using electron-capture 
detection was developed for clonidine in plasma and urine. Di-perfluo- 
roacyl derivatives of both clonidine and the 4-methyl analog of clonidine 
(used as an internal standard) were formed, and an extraction process 
was developed for the removal of excess derivatization reagent and en- 
dogenous biological compounds; the assay permitted quantification of 
25 pg of clonidinehl in a 4-ml plasma sample. The assay was used to 
elucidate the time course of plasma concentrations in a normotensive 
subject following oral administration of 50,100, and 200 jtg of clonidine 
hydrochloride and also to determine unchanged drug excreted in the 
urine. 


Keyphrases 0 Clonidine-GLC analysis in plasma and urine 
GLC-analysis, clonidine in plasma and urine 0 Antihypertensives- 
clonidine, GLC analysis in plasma and urine 


Clonidine, 2-[ (2,6-dichlorophenyl)imino]imidazolidine, 
is a potent drug used in the treatment of arterial hyper- 
tension. The sympatico-inhibitory activity of clonidine is 
predominantly due to  its influence on a-adrenergic re- 
ceptors in the brain stem (1). The hypotensive effect of 
clonidine is absent in tetraplegic subjects with transection 
of the cervical spinal cord above the sympathetic outflow 
(2). The absence of the hypotensive effect in these subjects 
indicates that the action of the drug is centrally mediated 
in humans. 


The therapeutic dose of clonidine is a few tenths of a 
milligram per day. Clonidine is lipophilic in nature with 
a large volume of distribution (3). Thus, the resulting 
plasma concentrations following oral administration of 
therapeutic doses are in the submicrogram range. 


BACKGROUND 


The metabolism and disposition of clonidine in various animal species 
were studied (4) using 14C-labeled clonidine. The time course of total 
radioactivity in the plasma following oral administration of either 390 
or 1440 pg of clonidine was determined. The plasma concentrations of 
unchanged drug were not ascertained, although approximately 45% of 
the orally administered dose was excreted in the urine as unchanged 
drug. 


The plasma levels, renal excretion, and urinary metabolic pattern were 
determined (5) in normotensive subjects. Three hours following oral 
administration of 300 pg of 14C-labeled clonidine, clonidine contributed 
less than 50% of the total 14C-radioactivity in the plasma. 


A recently developed GLC-mass spectrometric method permits the 
measurement of clonidine in plasma and urine following administration 
of unlabeled therapeutic doses to humans (6). The method is based on 


the selective monitoring of mass fragments produced from clonidine and 
from a deuterated internal standard under electron-impact ionization. 
The sensitivity of the method and the chromatographic properties of 
clonidine and the internal standard were improved by formation of their 
dimethyl derivative through on-column methylation with trimethylan- 
ilinium hydroxide (7). The precision of the method a t  0.25 ng/ml was 
f l l %  SD with 4 ml of plasma. Davies et al. (8) used the improved 
GLC-mass spectral method to study the pharmacokinetics and phar- 
macodynamics of clonidine following oral and intravenous administration 
of 300 pg of clonidine hydrochloride’. 


Cho and Curry (9) developed a GLC method using a %h-ionization 
detector to determine clonidine levels in the blood and tissues of rats 
administered 500 pg of drug/kg iv. The minimum detectable quantity 
of clonidine was 2-3 ng. The drug, which was not derivatized, tended tc? 
adsorb onto the chromatographic support, especially with the longer 
columns, thus decreasing the sensitivity of the assay. 


A GLC method with electron-capture detection of the pentafluoro- 
benzyl derivative of clonidine was reported (10). This method was used 
to determine the temporal pattern of plasma concentrations in rats fol- 
lowing administration of 500 pug of clonidine hydrochloridefltg, about 100 
times the dose received by humans. 


This paper reports an electron-capture GLC method for the determi- 
nation of clonidine in plasma and urine using a di-heptafluorobutyryl 
derivative of clonidine and an internal standard. The electron-capture- 
sensitive background is reduced through the use of silica gel columns. This 
method was used to elucidate the time course of plasma concentrations 
in a normotensive subject following oral administration of 50,100, and 
200 pg of clonidine hydrochloride. 


EXPERIMENTAL 


Materials-Methylene chloride, benzene, and hexane, employed in 
the extraction procedures, were used as obtained2. Ethyl acetate3, pur- 
chased in quart bottles and sealed under nitrogen, was used as the solvent 
for the derivatization of clonidine and the internal standard. 


The carbonate huffers, 1 M (pH 9.75) and 0.1 M (pH 9.2), were made 
from potassium bicarbonate and adjusted to the appropriate pH with 
freshly prepared potassium hydraxide solution. Sulfuric acid (0.1 N )  was 
diluted from the concentrated acid. 


Heptafluorobutyric anhydride4 was obtained in I-ml glass ampuls. 
After the ampul was opened, the contents were stored in a 3-ml minivial 
for protection from moisture. A new ampul was used daily. 


The internal standard, 2-[(2,6-dichloro-4-methylphenyl)imino]im- 
idazolidine, was used as received5. 


Dimethyldichlorosilane, 5% in toluene, was used to silanize all glassware 
for a t  least 2 hr; the glassware was then rinsed with toluene, methanol, 


Catapres, Hoehringer Ingelheim. 
Nanograde solvents, Mallinckrodt, St. Louis, Mo. 


3 Burdick & Jackson Laboratories, Muskegon, Mich. 
4 Pierce Chemical Co., Rockford, Ill. 
6 C. H. Boehringer Sohn, Ingelheim, Germany. 
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Abstract 0 A quantitative high-performance liquid chromatographic 
method for the determination of chlorpropamide, tolbutamide, and 
their respective hydrolysis products, p-chlorobenzenesulfonamide and 
p-toluenesulfonamide, in solid dosage forms was developed. The method 
is stability indicating and can be used to determine the sulfonamide 
hydrolysis product and the intact drug in the presence of minor de- 
gradates. Method reproducibility, demonstrated by repeated injections 
of a calibration standard, was 1.21%. The lower limit of quantitation of 
the hydrolysis products, p-chlorobenzenesulfonamide and p-toluene- 
sulfonamide, was 0.2 j1g/5-p1 injection. The accuracy of the method for 
intact drugs was determined by comparison of the HPLC results to those 
obtained by the appropriate USP or BP assays. The mean of the results 
obtained by the two methods differed by 0.7% for chlorpropamide and 
0.3% for tolbutamide. Pure drug samples were spiked with amounts of 
the hydrolysis products ranging from 20 to 120% of the intact drug con- 
tent. The mean percent recovery for p-chlorobenzenesulfonamide was 
98.6%; for p-toluenesulfonamide, it was 100.6%. A qualitative TLC pro- 
cedure for the detection of chlorpropamide, p-chlorobenzenesulfonamide, 
dipropylurea, propylurea, n-propylamine, tolbutamide, p-toluenesul- 
fonamide, dibutylurea, butylurea, and n-butylamine is also described. 


Keyphrases 0 High-performance liquid chromatography-analysis of 
chlorpropamide, tolbutamide, p-chlorobenzenesulfonamide, p-tolu- 
enesulfonamide, stability in solid pharmaceutical dosage forms 0 
Chlorpropamide-high-performance liquid chromatographic analysis 
of stability in solid pharmaceutical dosage forms, sulfonamide degradates 
0 'rolbutamide-high-performance liquid chromatographic analysis of 
stability in solid pharmaceutical dosage forms, sulfonamide degradates 
0 Sulfonamides-degradation products of chlorpropamide and tolbu- 
tamide, high-performance liquid chromatographic analysis 0 Antidia- 
betic agents-chlorpropamide, tolbutamide, high-performance liquid 
chromatographic analysis of stability and sulfonamide degradation 
products 


The antidiabetic agents chlorpropamide and tolbuta- 
mide decompose under various experimental conditions. 
The major degradation route is hydrolysis (1, 2), mainly 
to p-chlorobenzenesulfonamide or p -toluenesulfonamide, 
but thermal dissociation in various solvents has been re- 
ported also (3,4).  


The USP XIX ( 5 )  spectrophotometric assay for tablets 
containing these drugs lacks specificity since the sulfon- 
amide degradates retain the UV chromophore of the intact 


drug. The BP 1973 (6) titrimetric procedures are selective 
because the sulfonamide degradates are weak acids that 
are not neutralized by the aqueous solution of sodium 
hydroxide. However, the method cannot be used to assay 
highly discolored samples due to interference in the visual 
detection of the end-point. 


Colorimetric procedures have been reported (2,7,8),  but 
these methods require prior separation of the degradates 
before the intact drug can be quantitated. A high-perfor- 
mance liquid chromatographic (HPLC) method for the 
quantitation of sulfonylureas in pharmaceuticals has been 
reported (9), but separation and quantitation of the hy- 
drolysis products were not demonstrated. An HPLC pro- 
cedure for the determination of chlorpropamide in tablet 
formulations was described (10) but was not suitable for 
resolution of the sulfonamide from the main drug. 


This paper describes a TLC technique for the detection 
of the major degradates of chlorpropamide and tolbuta- 
mide and an HPLC assay of intact chlorpropamide, tol- 
butamide, and their sulfonamide impurities, p-chloro- 
benzenesulfonamide and p -toluenesulfonamide, in solid 
dosage formulations. 


EXPERIMENTAL 


Materials-Chlorpropamide' and tolbutamide2 were recrystallized 
from acetone and found to meet USP XIX (5) specifications. p-Chloro- 
henzenesulfonamide:i, p-toiuenesulfonamide4, n-propylurea3, n-bu- 
tylurea4, n -dipropylurea5, n -dibutylurea6, n -propylamine7, n -butyl- 
amine', micronized prednisone*, acetic acidg, hydrochloric acidQ, chlo- 


I F. W. Horner Ltd., Montreal. Quebec. Canada. 
Paul Maney Laboratories, Toronto, Ontario, Canada 
Aldrich Chemical Co., Milwaukee, Wis. 
Eastman Organic Chemicals, Rochester. N.Y. 
Authentic samples, B.P. Commission. 
K & K Laboratories. Plainsview, N.Y. 


Analytical reagent grade. 


' J .  T. Baker Chemical Co.. Phillipshurg. N.J. " Roussel (Canada) Ltd.. Montreal, Quebec, Canada. 
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Table I-TLC Data. 
Rf Values 


Absolute Rela- Absolute Rela- 
ComDound (X  loo) tiveb ( X  1OO) tive* 


Sil G-25 UV 254 Silica Gel G N H  
Chlorpro amide 42 1.0 50 
p-C hlorogenzene- 30 0.71 36 ::;2 


sulfonamide 
Dipropylurea 
Propylurea 
n-Propylamine 


20 0.48 25 0.52 
12 0.29 14 0.28 
0 0 0 0 


Silica Gel 60 F-254 Silica Gel G/HL 
Tolbutamide 44 1 .o 35 1.0 
p-Toluenesulfon- 29 0.66 24 0.69 
. amide 
Dibutylurea 35 0.80 30 0.86 
Butylurea 16 0.36 16 0.46 
n -Butylamine 0 0 0 0 


Development and visualization details given in the text. * Relative to chlor- 
propamide or tolbutamide. 


roformg, absolute ethanolg, ethyl acetate'O, n-hexane'O, tetrahydrofuranlO, 
tolueneg, sodium hypochlorite solution'l, and phenothiazine'2 were used 
as received. 


TLC Procedures-For chlorpropamide, 0.25-mm Sil G-25 UV 25413 
or silica gel G/MHI4 plates were used. For tolbutamide, 0.25-mm silica 
gel 60 F-254I5 or silica gel G/HLI4 plates were used. 


The solvent system was toluene-ethyl acetate-chloroform-acetic acid 
(8015:5:10). The detection agents were: A, 0.2% ninhydrin aerosol7; B, 
0.6% (v/v) aqueous sodium hypochlorite; C, 1% (w/v) phenothiazine in 
chloroform (prepared fresh each week); and D, 20% (v/v) acetic acid in 
ethanol. 


Sample Preparation-An accurately weighed amount of powdered 
tablet was tumbledI6 for 30 min in a screw-capped test tube with suffi- 
cient acetone to yield a 25-mg/ml final solution. The sample was centri- 
fuged, 10 pI of the supernate was applied to the appropriate TLC plate, 
and the plate was developed 15 cm in a filter paper-lined chromatographic 
chamber, which had been equilibrated with the solvent system for 1 hr 
prior to use. 


Visualization-The plate was air dried, and the origin was sprayed 
with Detection Agent A to disclose n-propylamine in chlorpropamide 
or n-butylamine in tolbutamide. Detection Agent B was then applied. 
The plate was dried with a warm air stream until free of chlorine odor and 
then sprayed consecutively with Detection Agents C and D. The main 
component and the potential degradates appeared as green spots on a 
white background. The Ri values are given in Table I. 


HPLC Procedure-Apparatus-A liquid ~hromatograph'~ equipped 
with a fixed wavelength UV detector (254 nm)I7, a septumless injector 
portI7, and a computing integrator'* were used. The detector was oper- 
ated a t  an attenuation of 0.02 absorbance unit full scale (aufs), and the 
integrator output to the recorder was attenuated X16 throughout. Inte- 


N 
9 
0 '1 r 


0 4  8 12 16 0 4 8 1 2  
MINUTES 


16 


Figure 1-Typical HPLC chromatograms from the chlorpropamide 
stability study of an  intact formulation ( A )  and the same formulation 
exposed to 60' and 70% RH for 6 weeks ( E ) .  Key: I,  chlorpropamide; 
2, p-chlorobenzenesulfonamide; and 3, prednisone. 


Glass distilled, low UV cutoff, Burdick & Jackson Laboratories, Muskegon, 
Mich. 


I 1  Javex 1-10 dilution, Bristol-Myers Canada Ltd., Toronto, Canada. 
l 2  Fisher Scientific Co., Fair Lawn. N.J. 
I D  Macherey.Nagel precoat, Brinkmann Instruments. Rexdale. Ontario. 


I 4  Analtech precoat, Analtech Inc., Newark, Del. 
I b  Merck precoat, E. Merck, Darmstadt, Germany. 
l 6  Multi-purpose rotator, Scientific Industries. Springfield, Mass. 


Model 4100. Varian Aerograph, Palo Alto, Calif. 
18 Autolab System 1. Spectra-Physics, Santa Clara, Calif. 


Canada. 


1 
II X 


0 4 8 12 16 0 4 8 12 16 
MINUTES 


Figure 2-Typical HPLC chromatogram from the tolbutamide sta- 
bility study of a n  intact formulation ( A )  and the same formulation 
exposed to 60' and 70% RH for 6 weeks (E) .  Key: I, tolbutamide; 2, 
p-toluenesulfonamide; and 3, prednisone. 


grator malfunction would necessitate peak height quantitation of the 
degradates. If peak height is to be utilized for the degradate determina- 
tion, the signal from the chromatograph electrometer to the recorder 
would be 0.02 aufs. At  this signal level, 2% impurity levels were seen and 
measured easily. 


Column-A 250 X 3.2-mm i.d. column was packed with 10-pm diam- 
eter silica gel19, using a balanced density slurry technique (11). All 
chromatographic operations were performed a t  ambient temperature 
and a t  a flow rate of 60 m l h r  (35 bar). 


Mobile Phase-A mixture of 4% absolute ethanol, 8% tetrahydrofuran, 
and 0.06% acetic acid in n-hexane was prepared as required, degassed 
(reflux, 5 min), and stored in the solvent reservoir of the instrument. 


Internal Standard Solution-A solution of micronized prednisone 
in ethyl acetate (0.70 mg/ml) was used. 


LinearitySolutions containing 0.3-3.0 mg/ml of chlorpropamide and 
tolbutamide (15-150% of label claim) were assayed; 2 mg/ml of drug 
substance was chosen as the 10096 level. Solutions containing 0.04-1.2 
mg/ml of p-chlorobenzenesulfonamide and p-toluenesulfonamide ( 2 4 0 %  
of label claim) were prepared and analyzed. 


Calibration Standards-A calibration standard was prepared in a 
50-ml glass tube to contain accurately weighed amounts (about 50 mg) 
of chlorpropamide or tolbutamide and about 10 mg of the respective 
impurity. 


System Check Sample-Powdered, well-mixed composites were 
prepared from a minimum of 20 tablets of chlorpropamide or tolbutamide 
previously shown by TLC to contain a sulfonamide impurity. The tablet 
composites were analyzed repeatedly for intact drug and impurity con- 
tent. An aliquot of this powdered tablet substance, equivalent to -50 mg 
of intact drug, was accurately weighed into a 50-ml glass tube. 


Chromatography-To the calibration standard tube and the system 
check sample tube were added 4.0 ml of 10% (v/v) aqueous hydrochloric 
acid and 25.0 ml of the internal standard solution. Both tubes were agi- 
tated for 30 min on a shaker20 and centrifuged2] for 5 min. Duplicate 5-rl 
aliquots of the organic phases of both tubes were chromatographed. 


If the check sample assay fell within the limits of experimental error 
(Table II), the system was established as functioning satisfactorily and 
tablet formulations were sampled. The system check sample wa.. injected 
periodically to detect any changes within the chromatographic 
system. 


Tablet Analysis-Powdered tablet substance aliquots, equivalent to 
-50 mg of drug, were accurately weighed into separate 50-ml glass tubes 
and treated as previously described. 


Calculations-Peak area ratio was determined by electronic integra- 
tion of the sample and the internal standard. 


RESULTS AND DISCUSSION 


The ideal stability assay would measure the undegraded drug and all 
possible degradates without prior separation. A chromatographic tech- 
nique such as HPLC generally comes closest t o  meeting this criterion. 
Preliminary TLC stability studies showed that the main degradation 
products of chlorpropamide and tolbutamide are the respective sulfon- 
amides and alkylamines. The alkylamines, propyl and dipropylurea, and 
butyl and dibutylurea did not interfere with the HPLC assay because 
these compounds give no absorbance a t  254 nm. Prior separation of these 


19 LiChrosorb Si-60. Brinkmann Instruments, Rexdale, Ontario. Canada. 
2o Eberbach Corp.. Ann Arbor, Mich. 


Model K. International Equipment Co., Needham Heighte, Mass. 
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Table 11-HPLC Linearity Data compounds from the intact drug and the sulfonamide impurity was not 
necessary. 


An important prerequisite for an HPLC stability study is separation 
Range, ficiento, y-~nter- reproducibility over time. The forward-phase technique on microparti- 


Compound mg/ml r* Slope* ceptc culate silica gel fulfills this need. The chromatograma in Figs. 1 and 2 are 


Chlorpro amide 0.3-3.0 0.9997 0.0825 -0.00164 Chlorpropamide and tolbutamide exhibited linear responses between 
p-Chloropenzenesd- 0.0kL2 0.9986 0*0522 -0.00069 0.3 and 3.0 mg/ml(1.5 and 15 Kghnjection). The respective sulfonamide 


o.3-3.0 o.9996 0.0576 -o.00130 impurities exhibited linear responses between 0.04 and 1.2 mg/ml (0.2 
fonamide 


To1 butamide 
p-Toluenesul- 0.041.2 0.9998 0.0576 -0.00347 and 6.0 dinjection) (Table 11). 


fonamide The precision of the quantitation of the main drugs and the respective 
sulfonamide impurities was determined by analyzing a degraded for- 


0 Five pointe were subjected to regremion analyak with each comp6und. b The mulation on different days (Table 111). The reproducibility of the chro- slope wan obtained b dividing the count ratio of the compound to the internal matographic system Over a single day wBB shown byinjecting 12, 5-Kl al- standard by the weigit ratio of the compound to the internal standard. T h e y -  
coordinate for a value of x = 0. iquota of the ethyl acetate layer of a calibration standard (2.90 mg/ml of 


Correlation 
Coef- 


typical of the separation achieved. 


Table 111-HPLC Assay of Denraded Cbloraro~amide (A) and Tolbutamide (B) ComDoeites on Different Dave 
Composite A Composite B 


p-Chlorobenzene- Total Assay Tolbutamide p-Toluenesulfon- Tolbutamide 
Chlor ropamide sulfonamide by by HPLC, by USP XIX, by HPLC, amide by BP 1973, 


Day by &PLC, % HPLC, % % % % by HPLC, % % 


1 79.0 18.3 R7.6 in.9 
2 
3 


_ _  
79.8 
78.4 


-_. 


18.2 
18.2 


86.2 11.2 
85.9 10.9 


4 79.1 19.1 
Mean assay (% label claim) 79.1 (f0.6*) 18.5 (*0.4*) 97.6 96.0 86.6 (fO.gb) 11.0 ( f O . Z b )  83.9 


0 Stored at 60' and 70% RH for 3 months. * Standard deviation. 


Table IV-HPLC Analysis of Impurity-Free Chlorpropamide and Tolbutamide Tablet Grinds Spiked with Known Amounts of the Re- 
spective Sulfonamide 


Chlorpropamide Tolbutamide 
p-Chlorobenzenesulfonamide Spike p -Toluenesulfonamide Spike 


Intact Drug, Calc., Found by Recovery, Intact Drug, Calc., Found by Recovery, 
Aliquot % label claim % HPLC, % % % label claim % HPCL, % %, 


1 
2 
3 
4 


99.3 11.3 10.4 92.0 
101.2 21.2 20.5 96.7 
101.1 46.1 47.9 103.8 


98.8 11.7 11.4 97.4 
99.9 28.5 28.5 100.0 
99.4 32.4 32.7 100.9 


99.6 57.2 58.3 101.8 100.1 66.2 68.9 104.1 
Mean recoverv. % 100.3 98.6 99.6 100.6 .. 
CV,% f1.0 f5.4 f0.6 f2.8 
Mean assay, % 101.0'*b 99.3a.c 


a Assay value obtained on tablet triturate before spiking with impurity. USP XIX. BP 1973 


Table V-Assay of Chlorpropamide Formulations by USP XIX and HPLC Procedures 
USP XIX, HPLC 


Storage C hlorpropamide, C hlorpropamide, p -Chlorobenzene- Total, 
Formulation Condition %label claim % label claim sulfonamidea % label claim 


1 Ambient 98.1 97.8 Nil 97.8 
1 60°, 70% RH for 3 months 96.0b, 8O.Ic 79.1 18.7 97.8 
2 Ambient 103.4 106.1 Nil 106.1 
2 60°, 70% RH for 3 months 101.lb, 70.8c 66.7 39.6 106.3 
3 Ambient 101.0 98.8 Nil 98.8 
3 60°. 70% RH for 3 months 99.Sb. 71.6c 70.7 32.1 102.8 


~~ ~~~ 


0 Ex reseed 88 equivalent weight of intact drug. Uncorrected for p-chlorobenzenesulfonamide. Corrected assay value determined by calculating the contribution 
of p-chyorobenzenesulfonamide to USP XIX assay from the known absorptivity of this compound and i t s  actual level in the formulation 88 determined by HPLC. 


Table VI-Assay of Tolbutamide Formulations by B P  1973 and HPLC Procedures 
BP 1973, HPLC 


Storage Tolbutamide, Tolbutamide, p-Toluene- Total, 
Formulation Condition % label claim % label claim sulfonamidea % label claim 


1 Ambient 97.7 99.1 Nil 99.1 
1 60°, 70% RH for 3 months 83.9 86.9 11.0 97.9 
2 Ambient 99.3 101.4 Nil 101.4 
2 60°, 70% RH for 3 months 95.7 97.2 3.9 101.1 
3 Ambient 98.6 99.7 Nil 99.7 
3 60°, 70% RH for 3 months 72.9 73.4 25.7 99.1 


0 Expressed 88 equivalent weight of intact drug. 
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chlorpropamide and 0.697 mg/ml of the internal standard). The relative 
standard deviation of the peak area ratios was 1.21%. The lower limit of 
quantitation2* of p-chlorobenzenesulfonamide or p-toluenesulfonamide 
was 0.2 pg/5-pl injection. This impurity level is -2% of the label claim 
of chlorpropamide or tolbutamide. 


Several injections a t  the low impurity level were made to analyze the 
error involved in quantitating the sulfonamide impurity. For p-tolu- 
enesulfonamide a t  the 1.95% level, the relative standard deviation of the 
count ratio of the substance to the internal standard was 3.77%, an esti- 
mate of the error expected at  the lower limit of quantitation. 


The accuracy of the intact drug quantitation was established by 
analysis of individual tablet composites of chlorpropamide and tolbu- 
tamide, shown to be free of impurities by TLC. The samples were ana- 
lyzed by the official method and also by HPLC. Additional weighings of 
these samples were spiked with known amounts of the respective sul- 
fonamide impurity and reanalyzed by the HPLC method (Table IV). 


T o  establish that quantitative partitioning of the intact drug and the 
related sulfonamide impurity was obtained, accurately weighed tablet 
composite samples, equivalent to 50 mg of the intact drug, were parti- 
tioned between 10,20, and 30 ml of ethyl acetate and 4 ml of 10% (v/v) 
aqueous hydrochloric acid. Duplicate 5-rl aliquots of the organic layer 
were chromatographed. The assay values obtained after partition with 
20 and 30 ml of ethyl acetate were not significantly different. The parti- 
tioning experiment was repeated with tablets that had been partially 
degraded by exposure to 60” and 70% relative humidity (RH). The total 
amount of intact drug and impurity obtained after partition with 20 and 
30 ml of ethyl acetate was not significantly different. These data indicated 
that 25 ml of ethyl acetate was sufficient to extract completely the intact 
drug and impurities from degraded formulations. 


The time required for complete extraction was determined by shaking 
replicate samples for 15,30, and 45 min with 4.0 ml of 10% aqueous hy- 
drochloric acid solution and 25.0 ml of the internal standard solution. 
There was no difference in assay value after 30 min of shaking. The 
aqueous layers of a calibration standard and of a decomposed formulation 
extracted with ethyl acetate for 30 min were chromatographed. No peaks 
were detected in these layers, indicating that complete extraction had 
taken place. 


The system check sample in combination with the calibration standard 
indicated the status of the total system. Reproducible check sample 
values showed that the calibration standard factors were correct and that 
the sampling procedure had been carried out properly. For chlorpro- 
pamide and p-chlorobenzenesulfonamide, the relative standard devia- 
tions of these calibration factors were 1.42 and 3.11%, respectively, over 
-8 weeks. For tolbutamide and p-toluenesulfonamide, the relative 
standard deviations of the calibration factors were 1.39 and 2.37%, re- 
spectively. These values indicate that the method is reproducible over 
an extended time. 


22 Ihfined as the level of impurity that, on repeated analysis, gives a relative 
standard deviation of -4%. 


Tablet formulations of chlorpropamide and tolbutamide stored for 
3 months a t  ambient temperature (range of 21-23’) and ambient relative 
humidity and replicate samples stored a t  60’ and 70% RH (12) were an- 
alyzed by HPLC for the intact drug and the sulfonamide degadates. The 
samples were also analyzed by the appropriate cornpendial method. 


Chlorpropamide samples were analyzed by the USP XIX (5) spec- 
trophotometric technique. From the known absorptivity of p-chloro- 
benzenesulfonamide and its HPLC-determined level in the formulation, 
the contribution to the measured total absorbance was estimated, and 
the absorbance due to the intact drug was calculated. The percent re- 
coveries of the undegraded drug determined by the two methods are given 
in Table V. 


Similarly, the BP  1973 (6) titrimetric procedure was utilized for the 
tolbutamide formulations (Table VI). Because the degradate, p-tol- 
uenesulfonamide. is not titratable, this method allowed for a direct de- 
termination of the intact drug. The method was not applicable to some 
decomposed samples because discoloration in the tablets interfered with 
the end-point. 


Comparison of the data in Tables V and VI indicates that the HPLC 
method is equivalent or superior to existing techniques with respect to 
accuracy. The HPLC method could be used to determine levels of the 
sulfonamide impurities in amounts less than 2% by increasing the amount 
of sample injected onto the column; however, the levels of chlorpropamide 
and tolbutamide might exceed the linear range of the system. The TLC 
method can be used to follow the stability profile of formulations in a 
stability study and to estimate semiquantitatively the concentration of 
impurities. 
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minor, application of the present approach could be extended to other 
protein species. 


The method has been used in conjunction with an existing analytical 
method. Some advantages are that the reagents are stable and that the 
method requires no special equipment other than the osmometer and it 
is efficient. Above all, its accuracy is comparable to that achieved by 
atomic absorption spectrometry. 
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Quantitative Determination of Hexylresorcinol in 
Commercial Antiseptic Solution by High-pressure 
Liquid Chromatography 
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Abstract 0 High-pressure liquid chromatography was used with a 5-pm 
silica gel column to quantitate hexylresorcinol in a commercial antiseptic 
solution following extraction with methylene chloride. This method shows 
linearity to a t  least 0.025% hexylresorcinol. A mobile phase consisting 
of 63% heptane, 34% chloroform, and 5% methanol was used with a UV 
detector (254 nm) and a flow of 3 ml/min. No interfering substances were 
observed. 


Keyphrases Hexylresorcinol-high-pressure liquid chromatographic 
analysis in commercial preparations 0 High-pressure liquid chroma- 
tography-analysis, hexylresorcinol in commercial preparations 


Methods for the quantitative analysis of phenolic de- 
rivatives utilize bromination (1, 2), GLC (3, 4), NMR 
spectroscopy (51, and high-pressure liquid chromatography 
(HPLC) (6). This report describes a rapid, quantitative 
HPLC method for the analysis of hexylresorcinol in a 
commercial antiseptic solution’. 


EXPERIMENTAL 


Chemicals and Reagents-All chemicals and reagents were USP, NF, 
ACS, or chromatographic grade. 


Chromatography-The high-pressure liquid chromatograph2 was 
equipped with a UV detector (254 nm) and a recorder. Septum injection 
was utilized. The column:’ (15 cm X 6.3 mm 0.d.) was packed with 5-pm 
silica. 


The chromatographic solvent consisted of 63% heptane, 34% chloro- 
form, and 316 methanol. The temperature was ambient, and the solvent 
flow rate was 3.0 ml/min (at  an inlet pressure of -70.3 kg/cm*). The de- 
tector was set a t  a sensitivity of 0.08 aufs, and the chart speed was 5.08 
cm/min (30.48 cm/hr). The elution order was phenol (2.7 min) and hex- 
ylresorcinol (4.7 min); total analysis time was 6 min. 


Preparation of Solutions-All solutions of hexylresorcinol and 
phenol (internal standard) were prepared (weight per volume) in meth- 
ylene chloride by a simple solution method. An aqueous solution of 
hexylresorcinol was prepared and used as a primary standard. This 
aqueous standard was run with each group of samples analyzed. The 
commercial antiseptic solution was purchased from a local pharmacy. 


1 ST 37 (Calyon). 
? Waters ALC 202 equipped with a separation injector. 


Hi Kff Micropart column (0.5-rrn silica), Applied Science Laboratories. 


Preparation of Linearity Curve-A 1% hexylresorcinol solution was 
prepared using methylene chloride containing phenol (0.025%) as the 
internal standard. Aliquots of this solution were diluted with the meth- 
ylene chloride containing phenol (0.025%) to yield five standard solutions 
consisting of 0.025, 0.05, 0.07, 0.10, and 0.125% hexylresorcinol with 
phenol (0.025%) as the internal standard. A volume of 5-10 pl of each 
standard was injected, and the peak height ratio of hexylresorcinol to 
phenol was calculated and plotted versus the hexylresorcinol concen- 
tration. 


The plotted data (Table I) indicated that the hexylresorcinol con- 
centration uersus the peak height ratio (y) was linear from 0.025 to 0.125% 
hexylresorcinol ( x )  (y = 8 . 9 6 0 ~  + 0.01 1; r = 0.999), and the straight line 
intersected zero. Three data points were determined for each concen- 
tration. The standard deviations are given in parentheses. 


Assay-A 5-ml aliquot of the commercial antiseptic solution was ex- 
tracted by adding 1 ml of 1 N HCI, 0.5 ml of internal standard (0.5% 
phenol in methylene chloride), and 4.5 ml of methylene chloride. The 
mixture was hand shaken for 1-2 min and centrifuged; the aqueous su- 
pernate was discarded by aspiration with a Pasteur pipet. A 10-pl sample 
of the extract was injected into the chromatograph. The aqueous standard 
containing 0.05% hexylresorcinol was carried through the same extraction 
procedure at the same time as the sample. A 0.116 hexylresorcinol solution 
in methylene chloride containing phenol (0.025%) was regularly injected 
during analysis to monitor instrument stability. 


Calculation-The following formula was used for calculating con- 
centrations: 


(Eq. I )  
R.9 %sample = - X % std 


Hstd 


where % sample is the percent hexylresorcinol in the sample, % std is the 
percent hexylresorcinol in the standard, Rxtd is the ratio of the peak 
heights of hexylresorcinol to phenol in the standard, and R, is the ratio 
of the peak heights of hexylresorcinol to phenol in the commercial anti- 
septic. 


Table I-Data for Linearitv Curve 


Hexylresorcinol 
Standard. % 


Peak Height 
Ratios 


0.025 
0.050 
0.070 
0.100 
0.125 


0.23‘2 (0.009) 
0.463 (0.015) 
0.637 (0.014) 
0.905 (0.019) 
1.130 (0.010) 
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Table 11-Assay Results on Commercial Antiseptic (Percent 
Concentration of Hexylresorcinol) * 


Percent Percent 
Assavb Found ReDortedc 


1 0.097 0.1 
2 0.107 0.1 
3 0.106 0.1 
4 0.107 0.1 


Average deviation = 0.004, SD = 0.005, and coefficient of variation = 4.8%. 
Data from “Handbook of Nonprescription 


Drugs,” 5th ed., American Pharmaceutical Association, Washington, D.C., 1977, 
p. 263. 


Replicate assays of same sample. 


DISCUSSION 


The results (Table 11) show that a commercial antiseptic solution can 
be assayed for hexylresorcinol by using a simple HPLC method. No in- 
terfering peaks were observed from the other listed component (glycerin) 
in the commercial product analyzed. Recovery studies were performed 
on the aqueous hexylresorcinol solution (0.05%), and the extraction ef- 
ficiency was 74.9%. The extraction and HPLC analyses of aqueous 
standard solutions gave a linear response with hexylresorcinol concen- 
trations between 0.025 and 0.125%. 


This analysis utilized an aqueous standard carried through the exact 


procedure as the samples. Since the aqueous standard closely simulated 
the samples, the concentrations were calculated by comparing peak 
heights of the aqueous standard and the unknown sample. Extraction 
efficiency affects both samples and standards equally and, therefore, need 
not be considered in the calculation of concentrations. 


A control also was run with each batch to monitor instrument condi- 
tions. This procedure minimizes assay errors due to technique. The total 
analysis time was less than 10 minhample. 
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Abstract  0 A collaborative study of the USP high-pressure liquid 
chromatographic assay for folic acid was performed. Two samples were 
analyzed in duplicate by 14 participating, laboratories. Relative standard 
deviations for a single determination (RSDS) ranged from f0.40 to 
*2.39%. Based on an analysis of variance, it was concluded that the 
method of peak measurement was a major determinant of reproducibility 
and that graphical measurement was associated with a high standard 
deviation. Adequate resolution was obtained using a variety of columns 
and operating conditions. The interlaboratory RSDS was f1.8%. 


Keyphrases 0 Folic acid-high-pressure liquid chromatographic 
analysis in prepared samples, collaborative study 0 High-pressure liquid 
chromatography-analysis, folic acid in prepared samples, collaborative 
study Vitamins-folic acid, high-pressure liquid chromatographic 
analysis in prepared samples, collaborative study 


A recently developed high-pressure liquid chromato- 
graphic (HPLC) method (1) for the assay of folic acid bulk 
substance was introduced into the USP (2) to replace the 
spectrophotometric method (3). In a subsequent supple- 
ment (41, the new method was revised slightly. 


The HPLC method is more specific and accurate than 
the previous one. A collaborative study’ was undertaken 
to validate the precision and practical applicability of this 
HPLC method on a wide scale. 


A subcommittee of the PMA-QC Sertion. appointed hy Dr. H. Hammer and 
chaired by Dr. J. Sheridan, was responsible for carrying out this study. 


EXPERIMENTAL 


Four vials containing 100 mg each of two folic acid test samples (A and 
B), 75 mg of folic acid USP reference standard, and 20 mg of leucovorin 
calcium2 (calcium formyltetrahydrofolate) were sent to 19 collaborators, 
along with a copy of the method (5) and auxiliary instructions for per- 
forming the determination and reporting results. Collaborators were 
requested to make duplicate injections of each of two weighings of 
Samples A and B and the folic acid reference standard and to report raw 
data and results, calculated on the dry basis, using the average response 
from the duplicate injections in the calculation. 


The method as written allowed the individual collaborator considerable 
latitude in choice of column and operating conditions. However, a system 
suitability test required that the operator obtain a resolution factor of 
a t  least 3.6 between folic acid and leucovorin and a relative standard 
deviation no greater than f296 in the responses from six to 10 replicate 
injections of the standard preparation. 


The amounts of folic acid provided were sufficient for two 30-mg 
weighings by each collahorator plus equipment optimization and 
checkout. The water content of the folic acid was determined (duplicate 
50-mg samples in methanol) before subdivision hy the titrimetric method 
and reported to the collaborators (reference standard, 7.7%; Sample A, 
7.6%. and Sample B, 7.8%). Collaborators were requested to report, in 
addition to raw data and assay results, results of the system suitability 
test and certain information about instrument and operating condi- 
tions. 


Raw data from all collaborators were entered into a time-shared 
computer, and results were calculated by a user-written program. 


2 Provided hy Lederle Lzihwatories 
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Nortropacocaine Hydrochloride Conformation in 
Aqueous and Hydrophobic Media 
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Abstract  0 The nortropacocaine hydrochloride PMR spectra in deu- 
terium oxide and in deuterochloroform differed markedly. A detailed 
conformational analysis using vicinal ‘H-IH coupling constants revealed 
the molecular conformation to be identical in both solvents. The preferred 
conformation was one in which the piperidine component existed as a 
deformed chair. The spectral differences were due to a decreased de- 
shielding of the protonated nitrogen on the neighboring bicyclic ring 
protons, resulting in chemical shift changes. 


Keyphrases 0 Nortropacocaine-conformation, effect of solvents, PMR 
spectra, structure-activity relationships 0 Cocaine analogs-nortropa- 
cocaine, conformation, structure-activity relationships, effect of solvents, 
I’MR spectra o Anesthetics, local-nortropacocaine, conformation, 
structure-activity relationships o Stimulants, central-nortropacocaine, 
conformation, structure-activity relationships 


Cocaine, the most prominent tropane alkaloid obtained 
from Erythroxylon coca leaves, possesses dual pharma- 
cological activity (1). Systemic administration interferes 
with the uptake of catecholamines by adrenergic nerve 
terminals, and local application blocks nerve conduction. 
Therefore, the drug has central nervous system 
stimulant as well as  local anesthetic properties. 


One explanation for this dual activity is that  cocaine 
interacts in two different conformations (2 ,3) .  The cate- 
cholamine uptake inhibition is associated with a noncon- 
tiguous transoid phenethylamine cocaine conformation 
(2) while the local anesthetic activity is associated with a 
piperidine boat conformation (3). This hypothesis is sim- 
ilar to  that of Schueler (4), according to which acetylcho- 
line in a “cisoid” conformation stimulates the nicotinic 
receptors while acetylcholine in a “transoid” conformation 
stimulates the muscarinic receptors. 


BACKGROUND 


Although examples of 4-piperidinols in boat conformations have been 
reported (5,6), no tropane analogs have been shown to possess such a 
conformation. X-ray diffraction studies on salts of cocaine (7) and its 
analogs (8) provided no evidence for a piperidine boat. Similarly, cocaine 
free base was found in a conformation having the piperidine ring in a chair 
form. However, a boat conformation was reported (9) to be a necessary 
intermediate during the reversible acid-catalyzed N - 0 acyl migration 
in N-benzoylnortropine and several of its analogs. 


This study investigated the conformation of 0-benzoylnortropine 
(nortropacocaine) (Structure I)  hydrochloride, a monosubstituted tro- 
pane analog resembling cocaine only in those structural features believed 
to favor a piperidine boat conformation (Structure 11). Such a hoat con- 


U H 


Ci‘ 


I 


0 


I1 
liguration would be stabilized through an interaction-electrostatic or 
hydrogen bonding-between the +NH group and the 0-benzoyloxy 
oxygen. 


Conformational analyses of several tropane alkaloid free bases in 
deuterochloroform (8) and of tropane salts in deuterium oxide (10-12) 
have been carried out from their PMR spectra. However, the conforma- 
tions of tropane salts in hydrophobic media have not been investigated. 
The present study represents a detailed conformational analysis o f  a 
cocaine analog salt in aqueous and in hydrophobic media, with special 
emphasis on the possihle role of the solvent. This study is also the first 
conformational analysis of a tropane salt in hydrophobic media. 


Solvent changes have been reported to produce pronounced effects 
on some molecular conformations (6, 13). T o  observe any such solvent 
effects, the nortropacocaine hydrochloride conformation was determined 
i n  deuterium oxide and in deuterochloroform using high-resolution PMR. 
Nonpolar solvents, in addition to representing more accurately the nerve 
membrane hydrophobic environment, should favor the boat conformation 
by enhancing the HtN+-O interaction. This study is further justified by 
the great interest in tropane analogs as models of various drug phar- 
macophoric conformations (14). 


EXPERIMENTAL 


The ‘H resonance spectra were measured a t  270 MHz (Figs. l a  and 
Ib) using 0.10 M solutions in deuterochloroform and in deuterium oxide 
a t  an ambient temperature of 20’. Chemical shifts were measured from 
tetramethylsilane and sodium 2,2-dimethyl-2-silatane-5-sulfonate, which 
were used as internal standards. Nortropacocaine hydrochloride (9) was 
obtained by N-demethylating tropacocaine using 2,2,2-trichloroethyl- 
chloroformate (15). Tropacocaine hydrochloride was obtained com- 
mercially. 


All of the 1H chemical shifts and IH-IH coupling constants for the 
protons in the piperidine component of the tropane nucleus could be 


I d ,  L 


i .0 7.0 6.0 5.0 4.0 3.0 2.0 


I 


Figure 1-Nortropacocaine hydrochloride spectra in deuterium oxide 
(a) and in deuterochloro/orm (b). 
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PARTS PER MILLION 
Figure 2-Real (bottom) and simulated (top) spectral regions from the 
‘H-nortropaeocaine hydrochloride spectrum in deuterium oxide. 


extracted by analyzing the spectral portions due to the methine proton 
on C3 and the methylene protons on Cp. The absorption signals due to 
the H3 methine proton were analyzed as the C portion of an AA’BB’C 
system. Signals due to each geminal proton on Cp were sufficiently sep- 
arated to allow their analysis as the AR portion of an AACD system. In 
the preliminary analysis, the AA’AR’C and ARCD spectra were corre- 
spondingly approximated as (AR)2X and ABKY systems. Initial spectral 
parameter estimates were obtained by standard methods (16) with the 
aid of ‘H-IH spin decoupling. when necessary, and were then refined by 
spectral simulation and iteration using the ITRCAL program. This 
program is an implementation of the LAOCN 3 algorithm (17) on a 
minicomputer. It requires a 12K computer system and a disk memory. 
Experimental and “best-fit”simu1ated spectra are shown in Figs. 2 and 
3. 


Due to overlap, the spectral portions corresponding to the protons on 
Cg and C7 of the ethylene bridge were not amenable to detailed analysis. 
Only approximate individual chemical shifts could be extracted directly 
from the spectra with the help of IH-IH spin decoupling. 


RESULTS AND DISCUSSION 


The nortropacocaine hydrochloride spectra in deuterium oxide (Figs. 
la and 2) and in deuterochloroform (Figs. Ib and 3) had similar H3 proton 
resonances but varied markedly in other regions. Spectral assignments 
in the crucial H z , ~  region (Figs. 2 and 3) could be made only after IH-IH 
spin decoupling. The variations between the two spectra could be at- 
tributed to differences in coupling constants, chemical shifts, or both. 


Coupling Constants-The preferred molecular conformation could 
be determined unambiguously from the piperidine ring proton coupling 
constants. In both solvents, the coupling constants showed no appreciable 
differences, indicating that no significant conformational changes oc- 
curred when an aqueous medium was substituted for a hydrophobic 
solvent. The most direct information on this tropane analog conformation 
came from the C3 proton signal. The coupling constants ( J k . 3  and Jm.3) 
between this proton and its neighboring methylene protons are consistent 
with H.,-H,, and Hax-Heq coupling, indicating that the piperidine ring 
exists as a slightly distorted chair (Structure 111). In this chair, the HB 
proton occupies an axial position. Consequently, the benzoyloxy group 
is equatorial. The J 2 e q , ~  and Jzar,3 were assumed to have like signs and 
to be positive since vicinal couplings in substituted ethanes have the same 
sign and are regarded as positive (18). The J2ax,zeq was assumed to be 
negative since the geminal proton coupling is negative for most CH2 
groups (18). Additional evidence for a distorted piperidine chair con- 
formation was provided by the coupling constants (J1.zax and J1,zeq) of 
the Cz protons with the C I  bridge carbon proton. 


If nortropacocaine hydrochloride is assumed to exist as a single con- 
former in solution, the piperidine ring distortion can be evaluated by 
comparing the vicinal ‘H-IH coupling constants with the coupling con- 
stants calculated for a “perfect” chair. This procedure, which makes use 
of substituent electronegativities (19), was developed (20) for perfectly 
staggered 1,2-disubstituted ethanes and has given good results in the past 


H 


m 


Tab le  I-IH Vicinal Coupling Constants for Nortropacocaine Hy- 
drochloride 


Constant Deuterochloroform Deuterium Oxide Calculated 


J l , z ,  2.9 3.25 2.37 
J1.2ar 2.35 2.85 3.63 
J2eq.3 5.8 5.75 5.19 
J28X.3 10.8 10.75 12.70 
J~ax,2eq -13.95 -13.85 - 


(21). First, coupling constants for a perfectly staggered piperidine ring 
were calculated (20). The values thus obtained were compared to the 
experimentally determined coupling constants of the piperidine ring in 
nortropacocaine hydrochloride (Table I), and the following dihedral 
angles were calculated for nortropacocaine hydrochloride in 
deuterochloroform and in deuterium oxide, respectively: @(H,CICI- 
H z d  = 66 and 6 4 O ,  @ ( H I C I C ~ H ~ ~ )  = 56 and 54O, ~ H ~ C ~ C R H ~ , )  = 158 
and 157O, and @(H2&2C3H3) = 58 and 58O. 


Because of the dangers involved in using quantitative correlations to 
obtain precise dihedral angles, such values are only approximate. The 
dihedral angles deviations from ideality were compatible with a piperidine 
ring slightly flattened a t  the Cs position and more puckered a t  the +NH2 
group (Structure 111). 


Similar conclusions about the piperidine ring distortion were reached 
using a method (22,23) for the qualitative determination of six-membered 
ring distortions from the ratios of JLrOnR-JCIS vicinal coupling con- 
stants. 


Chemical Shifts-The pronounced changes that the nortropacocaine 
hydrochloride proton spectrum underwent when the solvent was changed 
from deuterochloroform to deuterium oxide were due almost exclusively 
to different individual proton chemical shift changes. The variation in 
these chemical shift changes could be attributed to a reduction in the 
protonated nitrogen deshielding influence on the neighboring protons 
in the bicyclic ring when deuterochloroform was replaced with deuterium 
oxide. Such solvent modification of the charged nitrogen deshielding 
influence was demonstrated elsewhere (24). The highly polar deuterium 
oxide presumably (24) decreases the effect of the positive charge through 
direct solvation of the positive ion. The result is that in deuterium oxide 
the protons in close proximity to the protonated nitrogen are shifted 
upfield relative to the corresponding protons in the less polar deutero- 
chloroform. 


An attempt was made to relate the chemical shift differences in the 


H2ox 


H3 8.33 Hz 


H2.a 


b 
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Figure 3-Real (bottom) and simulated (top) spectral regions from the 
‘H-nortropacocaine hydrochloride spectrum i n  deuterochloroform. In 
the real spectrum, H%, and H7 protons are overlapping. 
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Table II-IH Chemical Shifts for Nortropacocaine Hydrochloride 
(270 MHz) 


Chemical Shift, ppm 
Proton Deuterochloroform Deuterium Oxide Difference, Hz 


4.29 4.24 14 . -. 


2.31 
2.44 
5.37 
2.07 
2.42 
8.08 
7.45 


2.39 -22 
2.06 103 
5.40 -8 
2.18 - 30 
2.18 65 
8.04 11 
7.54 -24 _ _  


H;,” 7.59 7.70 - 30 


two solvents to the relative distances between the protonated nitrogen 
and the neighboring protons based on the described conformation. Ex- 
amination of the chemical shift differences (Table 11) revealed that the 
H2ax,4ex as well as the H ~ f ~ , , , 7 ~ ~ ~ ,  protons that showed large downfield shifts 
lay in close proximity to the positively charged nitrogen. On the other 
hand, the H2eq.4eq, HGfnd(,,7Fnd,,, and H3 protons that were farthest re- 
moved from the nitrogen showed the small upfield shifts generally ob- 
served when the solvent was changed from deuterium oxide to deutero- 
chloroform. On the whole, the correlation between chemical shift dif- 
ferences and nitrogen-proton distances was very good and supported the 
conformational assignments. 


The chemical shift changes on the phenyl ring protons could be ex- 
plained by using a similar argument. The carbonyl group contributes to 
the deshielding of the ring protons, which lie in the same plane with it 
(25). The diminished deshielding resulting from carbonyl group solvation 
when deuterium oxide was used as a solvent was more pronounced on the 
nearest ortho-protons and decreased progressively with the meta- and 
para- protons. 


Reports of changes in the proton chemical shifts following a solvent 
change were interpreted as a conformational change in the molecule. The 
results reported here point out that conformational interpretations based 
solely on changes in chemical shifts should be made cautiously. Prefer- 
ably, such results should be supplemented with coupling constant mea- 
surements, still the most reliable information source on the conformations 
of small molecules in solution. 


Failure to demonstrate significant quantities of a piperidine boat 
conformation in this cocaine-like molecule in solution indicated that such 
a species is unstable and suggested that it does not participate in events 
leading to local anesthesia. The occurrence of a chair to boat conforma- 
tional change when the molecule comes in contact with the nerve mem- 
brane could not, however, be excluded. The conformation of cocaine and 
its analogs in the presence of membrane preparations is currently under 
investigation. 
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Abstract 0 A sensitive and specific GLC method using electron-capture 
detection was developed for clonidine in plasma and urine. Di-perfluo- 
roacyl derivatives of both clonidine and the 4-methyl analog of clonidine 
(used as an internal standard) were formed, and an extraction process 
was developed for the removal of excess derivatization reagent and en- 
dogenous biological compounds; the assay permitted quantification of 
25 pg of clonidinehl in a 4-ml plasma sample. The assay was used to 
elucidate the time course of plasma concentrations in a normotensive 
subject following oral administration of 50,100, and 200 jtg of clonidine 
hydrochloride and also to determine unchanged drug excreted in the 
urine. 


Keyphrases 0 Clonidine-GLC analysis in plasma and urine 
GLC-analysis, clonidine in plasma and urine 0 Antihypertensives- 
clonidine, GLC analysis in plasma and urine 


Clonidine, 2-[ (2,6-dichlorophenyl)imino]imidazolidine, 
is a potent drug used in the treatment of arterial hyper- 
tension. The sympatico-inhibitory activity of clonidine is 
predominantly due to  its influence on a-adrenergic re- 
ceptors in the brain stem (1). The hypotensive effect of 
clonidine is absent in tetraplegic subjects with transection 
of the cervical spinal cord above the sympathetic outflow 
(2). The absence of the hypotensive effect in these subjects 
indicates that the action of the drug is centrally mediated 
in humans. 


The therapeutic dose of clonidine is a few tenths of a 
milligram per day. Clonidine is lipophilic in nature with 
a large volume of distribution (3). Thus, the resulting 
plasma concentrations following oral administration of 
therapeutic doses are in the submicrogram range. 


BACKGROUND 


The metabolism and disposition of clonidine in various animal species 
were studied (4) using 14C-labeled clonidine. The time course of total 
radioactivity in the plasma following oral administration of either 390 
or 1440 pg of clonidine was determined. The plasma concentrations of 
unchanged drug were not ascertained, although approximately 45% of 
the orally administered dose was excreted in the urine as unchanged 
drug. 


The plasma levels, renal excretion, and urinary metabolic pattern were 
determined (5) in normotensive subjects. Three hours following oral 
administration of 300 pg of 14C-labeled clonidine, clonidine contributed 
less than 50% of the total 14C-radioactivity in the plasma. 


A recently developed GLC-mass spectrometric method permits the 
measurement of clonidine in plasma and urine following administration 
of unlabeled therapeutic doses to humans (6). The method is based on 


the selective monitoring of mass fragments produced from clonidine and 
from a deuterated internal standard under electron-impact ionization. 
The sensitivity of the method and the chromatographic properties of 
clonidine and the internal standard were improved by formation of their 
dimethyl derivative through on-column methylation with trimethylan- 
ilinium hydroxide (7). The precision of the method a t  0.25 ng/ml was 
f l l %  SD with 4 ml of plasma. Davies et al. (8) used the improved 
GLC-mass spectral method to study the pharmacokinetics and phar- 
macodynamics of clonidine following oral and intravenous administration 
of 300 pg of clonidine hydrochloride’. 


Cho and Curry (9) developed a GLC method using a %h-ionization 
detector to determine clonidine levels in the blood and tissues of rats 
administered 500 pg of drug/kg iv. The minimum detectable quantity 
of clonidine was 2-3 ng. The drug, which was not derivatized, tended tc? 
adsorb onto the chromatographic support, especially with the longer 
columns, thus decreasing the sensitivity of the assay. 


A GLC method with electron-capture detection of the pentafluoro- 
benzyl derivative of clonidine was reported (10). This method was used 
to determine the temporal pattern of plasma concentrations in rats fol- 
lowing administration of 500 pug of clonidine hydrochloridefltg, about 100 
times the dose received by humans. 


This paper reports an electron-capture GLC method for the determi- 
nation of clonidine in plasma and urine using a di-heptafluorobutyryl 
derivative of clonidine and an internal standard. The electron-capture- 
sensitive background is reduced through the use of silica gel columns. This 
method was used to elucidate the time course of plasma concentrations 
in a normotensive subject following oral administration of 50,100, and 
200 pg of clonidine hydrochloride. 


EXPERIMENTAL 


Materials-Methylene chloride, benzene, and hexane, employed in 
the extraction procedures, were used as obtained2. Ethyl acetate3, pur- 
chased in quart bottles and sealed under nitrogen, was used as the solvent 
for the derivatization of clonidine and the internal standard. 


The carbonate huffers, 1 M (pH 9.75) and 0.1 M (pH 9.2), were made 
from potassium bicarbonate and adjusted to the appropriate pH with 
freshly prepared potassium hydraxide solution. Sulfuric acid (0.1 N )  was 
diluted from the concentrated acid. 


Heptafluorobutyric anhydride4 was obtained in I-ml glass ampuls. 
After the ampul was opened, the contents were stored in a 3-ml minivial 
for protection from moisture. A new ampul was used daily. 


The internal standard, 2-[(2,6-dichloro-4-methylphenyl)imino]im- 
idazolidine, was used as received5. 


Dimethyldichlorosilane, 5% in toluene, was used to silanize all glassware 
for a t  least 2 hr; the glassware was then rinsed with toluene, methanol, 


Catapres, Hoehringer Ingelheim. 
Nanograde solvents, Mallinckrodt, St. Louis, Mo. 


3 Burdick & Jackson Laboratories, Muskegon, Mich. 
4 Pierce Chemical Co., Rockford, Ill. 
6 C. H. Boehringer Sohn, Ingelheim, Germany. 
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and methylene chloride. Microcolumns were used to reduce chromato- 
graphic interferences. Each short silanized Pasteur pipet was packed with 
a plug of silanized glass wool and 0.5 cm of silica gel adsorbents. 


Apparatus-The derivatives of clonidine and the internal standard 
were chromatographed on a gas chromatograph' equipped with a scan- 
dium tritide detector. A 2-mm i.d. X 1.8-m silanized glass column packed 
with 3% OV-17 on 100-120-mesh Chromosorb W, AW, DMCSs, was used. 
The support was inactivated and coated with the liquid phase according 
to a method described previously (11). Nitrogen was used as the carrier 
gas- 


The retention times for the derivatives of clonidine and the internal 
standard were 5 and 6.5 min, respectively, a t  a column temperature of 
175' and a gas flow of 25 ml/min. The injector temperature was 220°, and 
the detector temperature was 250'. 


A quadrupole mass spectrometer9, interfaced with a gas chromato- 
graphlo, was used to establish the structure of the derivatives. The elec- 
tron energy of the ionization source was 70 ev. A GLC column similar to 
that already described was employed. 


Derivatization of Microgram Quantities of Clonidine-Clonidine 
base (9.85 mg) was dissolved in 10 ml of ethyl acetate and stored at 0'. 
A 30-pl aliquot of this solution was placed in a 12-ml conical centrifuge 
tube with a polykf stopper and taken to dryness with a nitrogen stream. 
The dried clonidine base was reconstituted in 100 pl of dry ethyl acetate 
(water content of 50 ppm), followed by the addition of 4 pl of heptafluo- 
robutyric anhydride. 


After vortexing, the centrifuge tube was immersed in a water bath a t  
45' for 15 min. The contents were then taken to dryness under a nitrogen 
stream. Hexane (400 pl) was added to the dried residue, followed by 1 ml 
of 0.1 M potassium carbonate buffer (pH 9.2). The contents were then 
vortexed and centrifuged. 


The organic layer was transferred to another 12-ml conical centrifuge 
tube and taken to dryness with a nitrogen stream. The residue was dis- 
solved in 50 pl of methylene chloride, and a flame-ionization detector was 
employed to check the completeness of derivatization. 


Derivatization of Submicrogram Quantities of Clonidine-The 
working standard of clonidine in ethyl acetate (described in the previous 
section) was diluted to contain 50-1000 pg/pl, depending on the quantity 
of clonidine to be derivatized. Aliquots of the diluted solutions were added 
to 12-ml centrifuge tubes, and the ethyl acetate was removed with a ni- 
trogen stream. Derivatization was conducted as already described; 
however, the hexane phase following the carbonate wash was not evap- 
orated to dryness. 


Reduction of Electron-Capture-Sensitive Background-Micro- 
columns, prepared as already described and washed with two column 
heights of benzene followed by two column heights of hexane, were used 
to reduce the electron-capture-sensitive background. The hexane phase, 
obtained in the previous procedure, was loaded on a microcolumn. An 
additional 400 pl of h e m e  was used to wash the aqueous carbonate phase 
and also was added to the microcolumn. The microcolumn was then 
washed with 1.2 ml of hexane. 


Elution of the clonidine derivative was effected by washing the mi- 
crocolumns with 2 ml of 25% (v/v) benzene in hexane. The eluate was 
taken to dryness with nitrogen a t  40°, and the residue was dissolved in 
25-50 pl of 20% ethyl acetate in hexane. Aliquots ranging from 2 to 5 pl 
were injected into the gas chromatograph, and the derivative was deteded 
with the electron-capture detector. The  microcolumns could be reused 
on the same day by washing with two column heights of benzene followed 
by two column heights of hexane. 


Extraction of Clonidine and  Internal  Standard from Plasma- 
Extractions of 4-ml plasma samples containing clonidine and the internal 
standard were performed in 30-ml silanized, separatory centrifuge fun- 
nelsll. A 2-ml aliquot of 1 M carbonate buffer (pH 9.75) was added to the 
plasma. The buffered plasma sample was extracted with 12 ml of 10% 
ethyl acetate in methylene chloride. The contents were shaken horizon- 
tally in a modified shaker12 for 10 min and centrifuged a t  1200 rpm. 


The organic layer was then removed through the polytef valve in the 
bottom of the separator into a second separator. The organic extract was 
back-extracted with 3 ml of 0.1 N HzS04, and the organic phase was 
discarded. The retained aqueous phase was adjusted to pH 10 with a 


Separations Group, Hesperia, Calif. 
Model 2100, Varian, Walnut Creek, Calif. 


Model 1015 SL, Finnigan, Sunnyvale, Calif, 
Model 1700, Varian. Palo Alto, Calif. 


a Johns-Manville, Denver, Colo. 


l 1  Labcrest, Warminster, Pa. 
l2 Model 6000, Eberbach. Ann Arbor, Mich. 
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Figure 1-Mass spectrum of di-heptafluorobutyryl derivative of clo- 
nidine obtained with an electron energy of 70 eu and an emission current 
of 1 mamp. 
saturated aqueous solution of sodium carbonate (approximately 5 drops 
required) and extracted with 3 ml of benzene. The benzene extract was 
transferred to a 12-ml conical centrifuge tube and taken to dryness at 40' 
with a nitrogen stream. 


Standard Curve for Clonidine in Plasma-Aliquota of human 
plasma (4 ml) were spiked with varying amounts of clonidine (100 pg-5 
ng) and a constant amount of the internal standard (4 ng). A blank plasma 
sample, containing no clonidine or internal standard, also was carried 
through the assay. The plasma samples were extracted, derivatized, and 
chromatographed on the microcolumns as described. 


The samples were then injected into the gas chromatograph, and the 
responses of the derivatives of clonidine and the internal standard were 
recorded. The areas of the chromatographic peaks were approximated 
by the product of the height and width at half-height. The standard curve 
was generated using a linear least-squares analysis of the ratio of the peak 
areas for the derivatives (clonidine to the internal standard) versus the 
amount of clonidine (slope of 0.392 and correlation coefficient of 
0.997). 


Assay in Urine-The assay of urine samples was the same as that 
described for plasma samples, except that  1-ml aliquots of urine and 24 
ng of the internal standard were used. 
in Vivo Studies-One normotensive subject received 50,100, and 200 


gg of clonidine hydrochloride. Following each dose, 10-ml blood samples 
were withdrawn into heparin-containing evacuated glass tubes a t  pre- 
determined times. The blood was centrifuged, and the plasma was sep- 
arated and frozen until analyzed. Urine was collected over 12-hr intervals 
for 48 hr. 


RESULTS AND DISCUSSION 


Ethyl acetate was the solvent of choice for the derivatization of cloni- 
dine and the internal standard with heptafluorobutyric anhydride. 
Complete conversion to a single derivative was achieved with microgram 
quantities of clonidine, as indicated by the presence of a single peak in 
the chromatogram obtained with a flame-ionization detector. When a- 
cetonitrile was used as a solvent for the derivatization, three peaks were 


0 2 4 6  
MINUTES 


Figure $-Representative chrornatograms of derivatized clonidine (a) 
and the internal standard (b) obtained with 100 pg  of clonidine (I) and 
2.5 ng of clonidine added to 4 ml plasma (11). 
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present in the chromatogram obtained with the flame-ionization detector. 
The major peak corresponded to that obtained with ethyl acetate as the 
solvent, and none of the chromatographic peaks had a retention time 
corresponding to that of underivatized clonidine. With GLC-mass 
spectrometry, the two other peaks present in the chromatogram subse- 
quently were identified as mono-heptafluorobutyryl derivatives of clo- 
nidine. 


The mass spectrum of the compound that gave the single chromato- 
graphic peak, obtained with ethyl acetate as the solvent for derivatization, 
is shown in Fig. 1. The spectrum exhibited a molecular ion a t  m/e 621, 
consistent with the incorporation of two heptafluorobutyryl groups into 
the clonidine molecule. The loss of one fluorine atom and the loss of one 
chlorine atom from the molecular ion produced the m/e 602 and 586 
fragments, respectively. The ion at  m/e 451 was due to the loss of the CsF7 
group and a hydrogen atom, and this ion decomposed with expulsion of 
a chlorine atom to give the m/e 416 ion. This ion further fragmented with 
the loss of carbon monoxide to give m/e 388. The base peak for the di- 
heptafluorobutyryl derivative was observed a t  m/e 199 and can be for- 
mulated as arising from the loss of the two acyl groups plus the two 
methylene groups from the imidazole ring. 


There were no prominent ions in the mass spectrum of the di-hepta- 
fluorobutyryl derivative to establish unequivocably the exact position 
of the acyl incorporation. Two possible structural isomers ( la  and 16) can 
result from the incorporation of two acyl groups into the clonidine mol- 
ecule. 


To establish the structure of the diacyl derivative, macroquantities 
of the derivative could be made and analyzed using either ‘H- or I3C- 
NMR spectroscopy. Since one isomer possesses a C:! symmetry element 
lacking in the other, the proton pattern resulting from the hyperfine in- 
teraction of the methylene protons or the ‘3CC-resonances of the methylene 
carbons would be expected to differ in the two isomers. 


The precision of the assay a t  60 pg of clonidine/ml in 4 ml of plasma 
was *8% SD. The recovery of clonidine carried through the entire pro- 
cedure was 60% relative to an external standard, which was prepared by 
diluting microgram quantities of derivatized clonidine. 


Chromatograms from spiked plasma samples are shown in Fig. 2. The 
blank plasma sample indicated the absence of interferences. The small 
positive response in the chromatogram for the 4-ml plasma sample with 
a clonidine concentration of 25 pg/ml represents approximately 5-6 pg 
of the clonidine derivative. 


To achieve the levels of detection obtained with the method, it was 
necessary to inactivate the support material in the GLC column. Oth- 
erwise, loss in sensitivity resulted due to adsorption of the derivatives 
on the support. Sufficient inactivation was achieved with the vapor phase 
silanization technique ( 1  1). Furthermore, it was necessary to remove the 
electron-capture-sensitive background with the microcolumns, following 
derivatization, to achieve the desired sensitivity. The microcolumns 
probably removed endogenous biological interferences. 


In the electron-capture GLC method developed by Edlund and Paal- 
zow (lo),  the minimum detectable quantity of the derivative was 3.3 pg. 
The precision of this method at  0.2 ng in plasma (volume presumably 500 
P I )  was less than 120% S D .  The dose per unit body weight administered 
to the rats was greater than 100 times that administered to humans for 
therapeutic benefit, and the volume of the rat plasma sample assayed 
was generally one-tenth to one-twentieth the volume of the human 
plasma samples used in this newly developed method. Both factors tend 
to minimize interference of the chromatographic peaks of interest by 
endogenous biological materials. 


The major known metabolite of clonidine, the p-hydroxy analog, was 


HOURS 


Figure 3-Plasma concentration-time curves of subject administered 
three oral doses of clonidine hydrochloride. 


neither extracted nor derivatized under the assay conditions. Chloroform 
extracts of urine from subjects given ‘4C-labeled clonidine were shown 
by T I X  to contain only clonidine (5). Metabolites, including the p -  
hydroxy analog, that were more polar than clonidine were extracted with 
butanol. Chromatograms of patients receiving clonidine therapy and 
diuretics (either chlorthalidone or hydrochlorothiazide) exhibited no 
interfering peaks. The peak shapes, in particular peak width, were the 
same in these chromatograms as those obtained from samples prepared 
by spiking plasma with clonidine. Moreover, endogenous compounds, 
a t  least from individuals not receiving clonidine, did not interfere with 
the clonidine peaks (insert in Fig. 2). Therefore, except for the remote 
possibility that a diuretic or one of i t s  metabolites is carried through the 
assay and has the same chromatographic characteristics as the clonidine 
derivative, the assay is specific. 


The temporal patterns of plasma concentration in the normotensive 
subject administered 50, 100, and 200 fig po of clonidine hydrochloride 
are shown in Fig. 3. The maximum plasma concentrations and the times 
a t  which they occurred were 133 (2 hr), 292 (3 hr), and 582 (3 hr) pg/ml, 
respectively. The peak plasma concentrations were in the ratio 1:2.2:4.4 
while the corresponding doses were in the ratio 1:2:4. Since an apparent 
proportionality existed between peak plasma concentration and dose, 
the subject apparently behaved as a linear system over the dosing 
range. 


The analysis of unchanged drug excreted in the urine presented no 
problems since the urinary concentrations were generally two orders of 
magnitude larger than those in the plasma. Interferences by endogenous 
compounds were absent. The urinary recoveries were in the range of 
previously reported values (4,7,8). 
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Time-Dependent Kinetics IV: 
Pharmacokinetic Theory of 
Enzyme Induction 


~ 


Keyphrases Kinetics, time dependent-enzyme induction, phar- 
macokinetic theory Enzyme induction-drug induced, time-dependent 
kinetics, pharmacokinetic theory 


To the Editor: 
The phenomenon of enzyme induction by drugs and 


foreign chemicals is well established. Many drugs stimulate 
their own metabolism (autoinduction) as well as that of 
other drugs administered concurrently (heteroinduction) 
(1).  These phenomena have serious therapeutic implica- 
tions. 


In humans, experimental evidence for the enzyme- 
inducing abilities of a drug is generally based on decreases 
in plasma concentrations of the induced species. However, 
it is our observation that no general theory or quantitative 
approach has been proposed to describe the time course 
of plasma drug concentrations in conjunction with the 
phenomenon of auto- or heteroinduction. We have devel- 
oped a pharmacokinetic theory able to predict the rate and 
extent of auto- or heteroinduction during chronic drug 
administration. This theory is based on biochemical 
models governing changes in enzyme levels in the body. 


Berlin and Schimke ( 2 )  first proposed a model to de- 
scribe the change in intracellular enzyme concentration 
following induction. They showed that when an inducer 
causes an increase in the rate of synthesis froni S to S‘ 
andlor a decrease in the rate constant of degradation from 
k to k’, the kinetics of the shift in enzyme level, E ( t ) ,  are 
governed by k ’: 


(Eq. 1) 


where Slk and S’lk‘ represent the basal and induced 
steady-state enzyme concentrations, respectively, and Slk 
I E ( t )  I S’lk’ (Fig. 1). This model assumes that enzyme 
synthesis is zero order, that degradation is first order, and 
that the increase from S to S‘ andlor the decrease from k 
to k’ are rapid relative to the enzyme half-life, In 2lk’. 


By using the Michaelis-Menten model with steady-state 
approximation (3), an expression similar to Eq. 1 can be 
obtained to describe the change in maximum velocity, V,, 
during induction: 


V , ( t )  = V k  - (VA - V,)e-k” (Eq. 2) 


where V ,  = k2S/k ,  V ;  = k2S’/k’, and k2 is the rate con- 
stant for dissociation of the enzyme-substrate complex to 
product and free enzyme. Equation 2 can be extended to 
describe drug disposition in the whole body during in- 
duction. Metabolic clearance, Cl, was defined by Rane et 
al. (4) as: 


C1= V J K ,  0%. 3) 


where V, (amount time-’) is a macroscopic maximal rate 
of metabolism, K ,  (amount volume-’) is a macroscopic 
Michaelis constant, and the substrate concentration is less 
than 0.1 K,. If it is assumed that the inducer has no effect 
on K ,  and free fraction and that clearance is not blood- 
flow limited, induction will result in an exponential in- 


crease in metabolic clearance. In the case of metabolism 
by one enzyme (single enzymatic site), the increase in Cl 
is given by: 


C l ( t )  = C1’ - (Cl’ - Cl)e-k’f  (Eq. 4) 


Let us assume that the drug under consideration is also 
eliminated from the body through other metabolic path- 
ways controlled by noninducible enzymes (each with its 
first-order clearance, M j )  and through excretion of un- 
changed drug by several routes (each with its first-order 
clearance, R k ) .  Prior to induction, total body clearance is 
given by: 


Q = C1-k Zhfj + Z R k  0%. 5) 


After induction, overall drug elimination from the body 
is controlled by a time-dependent clearance, Q(t ): 


Q ( t )  = Q - (Q’ - Q)e-k’‘ (Eq. 6) 


where: 
Q’ = c1’ + EM, + Z R k  (Eq. 7) 


Equation 6 shows that the rate of change of clearance is 
also governed by k‘, the induced enzyme degradation rate 
constant (Fig. 1). 


In the case of multiple-enzyme induction, Eq. 4 can be 
written for each induced enzyme. For the general case of 
a drug eliminated from the body by metabolism through 
inducible (Cli - Cli) as well as noninducible pathways 
( M i ) ,  simultaneous with first-order unchanged drug ex- 
cretion (Rk) ,  Q ( t )  is given by: 


~ ( t )  = Q’ - 2 ( C I ;  - C1,)e-k‘‘ (Eq. 8) 
z = I  


where: 


Q‘ = 5 cr; t ZM, -t Z R k  (Eq. 9) 


and n represents the number of induced enzymes. 
Equation 6 (or Eq. 8) can be incorporated into the dif- 


ferential equations of a one-compartment pharmacokinetic 
model with appropriate input conditions to derive equa- 
tions for the drug level time course during induction. The 
effect of an increase in clearance on drug levels is best il- 
lustrated (Fig. l) when the induced species is administered 
by constant-rate intravenous infusion (Scheme I). 


I =  1 


Scheme I 


where C represents the plasma concentration of the in- 
duced agent, V is its apparent volume of distribution, R 
is its infusion rate, T = t - A, X is the time from the com- 
mencement of the induced agent infusion to the beginning 
of the increase in clearance, Q(T)  is as given in Eq. 6 where 
t is replaced by T,  and the other terms are as previously 
defined. A solution’ of the differential equation for Scheme 
I is: 


+ Q ‘ - Q  - { l  - exp[-k’(t - X ) ] l  
Vk 


(Eq. 10) 


where all of the terms are as previouslydefined. In Fig. 1, 


1 A derivation of this equation is available from the corresponding author 
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Figure 1-Relationship between increase in enzyme level, Eft), and 
the corresponding increase in clearance, Qft), and decrease in blood 
concentration. The drug administered by constant rate intrauenously 
reached a steady state RfQ prior to the beginning of the increase in 
clearance, A, since A > 5 In 2VIQ. The following parameter values were 
used: S'/k' = 1.66 S k ,  k' = 0.0577 hr-', Q = 10.69 literslhr, Q' = 17.72 
litersfhr, and R = 12.4 mgfhr. 


it was assumed that X > 5[(ln 2V)IQl2 and, therefore, C is 
a t  a steady state (RlQ) prior to the beginning of induction. 
For t > A, drug concentration decreases and reaches a lower 
steady state given by RIQ'. 


The applicability of this theory is supported by a series 
of experimental observations: 


1. In preliminary studies, three rhesus monkeys were 
given carbamazepine by intravenous infusion as an inducer 
and two other antiepileptic drugs, valproic acid and 
ethosuximide, as the induced agents (5,6). Following ad- 
dition of carbamazepine, plasma levels of these two drugs 
decreased exponentially to a lower steady state, as pre- 
dicted from Eq. 10. Computer regression analysis of ex- 
perimental data to Eq. 10 gave correlation coefficients ( r )  
ranging from 0.886 to 0.996. 


2. Follow-up studies in four rhesus monkeys with clo- 


2 When A >> (In 2V/Q), the second term in Eq. 10 becomes negligible. 


nazepam (7) as the induced agent showed that the exper- 
imental decrease in clonazepam levels was consistent with 
model predictions (least-squares fit to Eq. 10, r = 
0.924-0.993). 


3. The model of Berlin and Schimke (2) also predicts 
that, following removal of an inducer, the return of the 
enzyme level to basal conditions is described by Eq. 13. 
According to Eq. 64, this decrease in enzyme level should 
be mirrored by an exponential increase in body level of the 
induced agent. This hypothesis was verified by following 
the increase in plasma clonazepam level upon withdrawal 
of carbamazepine in four monkeys (7). The experimental 
data points and predicted concentrations were in excellent 
agreement (0.905 < r < 0.964). 


4. Validation of this pharmacokinetic theory in humans 
was also realized (8). Seven healthy normal volunteers 
received (orally) clonazepam for 29 days and carbamaze- 
pine from Day 7 to 29. Least-squares fi t  of experimental 
data points to  the corresponding model equation were 
adequate (0.904 < r < 1.000 in six subjects). 


A priori, Eqs. 1 and 6 should also apply to autoinduc- 
tion. This postulate was verified with published data from 
this laboratory on carbamazepine autoinduction in hu- 
mans (9). 


The proposed pharmacokinetic theory has broad im- 
plications. In biochemical pharmacology, it suggests a 
possibility of measuring enzyme turnover half-lives in vivo 
under experimental conditions that respect the integrity 
of the enzyme system(s). In clinical pharmacology, this 
theory provides a rational understanding of drug inter- 
actions caused by enzyme induction. 
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Abstract 0 The enthalpies for the dissolution of lecithin by sodium salts 
of cholic, deoxycholic, and chenodeoxycholic acids and their glycine and 
taurine conjugates are reported. Exothermic enthalpies were found in 
each case. I t  is suggested that heat evolution is due to a bile salt-lecithin 
interaction other than hydrophobic interactions. These results provide 
strong support for the “mixed disk” model for the complex lecithin-bile 
salt micelle, which requires that a substantial fraction of the bile salt 
molecules be incorporated within a lecithin bilayer where hydrogen- 
bonded pair formation can occur. Calorimetric studies of the interaction 
between sodium cholate and nonionic, cationic, and anionic detergents 


Recent clinical success in dissolving cholesterol gall- 
stones by chenodeoxycholic acid administration has re- 
newed interest in the role of bile salts in the dissolution of 
cholesterol and other lipids (1,Z). 


Whereas bile salts are essential for cholesterol solubili- 
zation, bile salts alone in aqueous solution increase cho- 
lesterol solubility only slightly: 30-100 bile salt molecules 


SMALL-MRVCHIAN MOOEL 


yielded exothermic heats. These results suggest that  these bile salt 
molecules partition into the detergent micelle interior as hydrogen- 
bonded pairs. 


Keyphraeee 0 Enthalpy-dissolution of lecithin in aqueous bile salt 
solutions, micelle formation, hydrogen bonding 0 Lecithin-dissolution 
in aqueous bile salt solutions, micelle formation, enthalpy, hydrogen 
bonding 0 Bile salts, solutions-dissolution of lecithin, micelle formation, 
enthalpy, hydrogen bonding 


are required to solubilize one cholesterol molecule (3). 
Therefore, bile salts by themselves cannot account for lipid 
solubilization and transport in digestion or for mainte- 
nance of cholesterol in solution in the gallbladder. Lecithin 
(phosphatidylcholine) is an essential component of bile; 
in fact, the bile salt-lecithin combination is required for 
the solubilization of cholesterol and other lipids (5 ) .  Bile 


“MIXED DISC” MODEL 


LLCITrnN 


LONGITUDINAL 


VIEW DILL SALTS 


T ‘ION 
, CC If H IN 


 ILL SALTS 


Figure 1-Schematic models for the structure of the bile salt-lecithin mixed micelle. (Reprinted from Ref. 8 with permission of Plenum Press.) 
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Table I-Structures and  Common Names of Bile Salts Used in 
This Study 


Common Name XI x2 x3 R 
Cholic acid 
Clycocholic acid 
Taurocholic acid 
Chenodeoxycholic acid 
Glycochenodeoxycholic acid 
Taurochenodeoxycholic acid 
Deoxycholic acid 
Clycodeoxycholic acid 
Taurodeoxycholic acid 


OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 


OH 
OH 
OH 
OH 
OH 
OH 
H 
H 
H 


OH 
OH 
OH 
H 
H 
H 
OH 
OH 
OH 


OH 
NHCHzCO2H 
NHCH2CH2S03H 


NHCHzCOzH 
NHCHZCH~SO~H 


OH 


OH 


salts have been shown to solubilize lecithin efficiently, 
forming a micellar solution (3,5). 


On the basis of phase equilibrium and X-ray diffraction 
studies, a model for the bile salt-lecithin mixed micelle was 
proposed (6,7).  According to this model (Fig. l), a disk- 
shaped micelle is formed on the association of lecithin with 
bile salt. The disk core consists of the hydrocarbon alkyl 
chains of the lecithin molecules surrounded by a ring of bile 
salt molecules. Thus, the disk-shaped micelle exterior 
presents to the aqueous solvent only the hydrophilic end 
groups of the phosphatidylcholine and the hydrophilic 
sides of the bile salt. 


Recently, a modified model was proposed on the basis 
of quasielastic light-scattering data (8). The revised model 
allowed for the presence of both lecithin and bile salt 
molecules within the micelle interior (Fig. 1). The bile salt 
molecules within the micelle interior are presumed to exist 
as hydrogen-bonded dimers. Recently, other researchers 
suggested that hydrogen-bonded dimer formation also 
occurs in dilute aqueous bile salt solutions (9). 


The purposes of this study were to measure the enthalpy 
accompanying the formation of the lecithin-bile salt mixed 
micellar solution and to correlate the results with the 
proposed models for these complex micelles. 


5\ CHOLATE i t  TAUROCHOL ATE GLYCOCHOLATE 


MOLES OF LECITHIN PER MOLE OF BILE SALT 
Figure 2-Enthalpy per mole of lecithin, -AH, as a function of the 
molar ratio of lecithin to sodium salt of bile atid nt 25". 
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Figure 3-Enthalpy for the dissolution of Zecithin by sodium cholate 
in water (0) and deuterium oxide (0) solutions at 25". 


EXPERIMENTAL 


Materials-L-a-Lecithin (egg phosphatidylcholine), obtained com- 
mercially', had been purified by chromatography over alumina and silica 
gel. The lecithin yielded a milky white suspension when mixed with water 
on a vortex mixer2. TLC showed one spot after visualization with iodine 
vapor. The bile salts used (Table I) were the highest purity available 
commercially3. They were purchased as the sodium salts, with the ex- 
ception of glycocholic acid, which was obtained as the free acid. The free 
acid in 25% ethanol was titrated to pH 9 with sodium hydroxide and ly- 
ophilized. 


Each bile salt was tested by TLC to estimate the number and ap- 
proximate concentration of the impurities present. Quantitative TLC 
was performed using a densitometer4 in the diffuse reflectance mode. The 
only major impurities were other bile acids, and in no case did the im- 
purity represent greater than 196 of the total bile salt. Some salts were 
titrated with percholic acid in acetic acid as a further check on purity. 
Sodium taurocholate was recrystallized from ethanol-ether before 
use. 


Deuterium oxide, 99.8 atom %D, was used as received6. 
Sodium lauryl sulfatea was recrystallized from ethanol. Cetrimonium 


bromide3 was recrystallized from water-ethanol. "Scintillation grade" 
polyoxyethylated tert -octylpheno17 was used without further purification. 
All other chemicals were reagent grade and were used as received. 
Aqueous solutions were prepared with deionized water. 


Apparatus-Heats of dissolution of lecithin in aqueous bile salt SIB- 


I Avanti Biochemicals Inc., Birmingham. AL 35226. 
Vortex Genie, Scientific Products, McCaw Park, IL 60085. 
Sigma Chemical Co., St.  Louis. MO 63178. Calbiochem, Dallas, T X  75247. 
Chromaflex K49500, Kontes, Vineland, NJ 08360. 
Aldrich Chemical Co., Milwaukee, WI 53233. 
Eastman Organic Chemicals, Rochester, NY 14650. 
Triton X-100, Yorktown Research. South Hackensack, N J  07606. 
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Table 11-Enthalpies of Dissolution of Lecithin in Aqueous Solutions of Sodium Salts of Bile Acids at 25" 


Deoxy- Chenodeoxy- Tauro- Taurodeoxy- Taurocheno- Glycodeoxy- Glycocheno- 
cholate deoxycholate G1 cocholate cholate deox cholate 


0.4671 550 0.5777 776 0.5411 1285 0.4569 663 0.6135 1036 0.5036 1118 0.4563 834 0.5226 882 0.5464 1329 
0.3492 665 0.4626 924 0.4414 1595 0.3514 751 0.5000 1055 0.4012 1254 0.4278 846 0.3222 1275 0.4489 1563 
0.3139 714 0.3920 1082 0.3830 1992 0.2565 932 0.4510 1078 0.3195 1335 0.3943 893 0.2559 1489 0.3640 1750 
0.2520 870 0.3414 1224 0.3455 2156 0.1409 1329 0.3926 994 0.2842 1467 0.3688 907 0.2065 1635 0.3087 1897 
0.2249 954 0.2865 1433 0.2860 2232 0.1170 1459 0.3531 1233 0.2053 1616 0.3438 950 0.2047 1622 0.2718 1929 
0.2048 1040 0.2026 1813 0.1929 2948 0.0957 1600 0.2949 1354 0.1376 1794 0.3039 1074 0.1539 1859 0.2105 2392 
0.1495 1257 0.1886 1875 0.1221 4035 0.0706 1935 0.2877 1240 0.1376 1634 0.2681 1003 0.1506 1925 0.1904 2510 
0.1332 1391 0.1581 2051 0.0884 4652 0.0458 2291 0.2588 1242 0.0918 1586 0.2302 1135 0.1187 2144 0.1567 2723 


-AH* R - A l l 6  
Cholate cholate cholate cholate 


Ra -AHb R -AH R -AH R -AH R -AH R 


0.1262 1446 0.1391 2040 0.0427 5381 0.0229 2709 0.2256 1213 0.0773 1671 0.2049 1274 0.1035 2276 0.0957 sins 
0.1210 1511 0.1011 2880 0.0369 5613 
0.0955 1940 0.0734 2913 0.0178 5704 
0.0784 2352 0.0702 2942 
0.0684 2644 0.0690 3347 


0.2124 1083 0.06i0 1457 o:iSs4 i362 o:oaS2 ii9i O:O943 iiii 
0.1887 1263 0.0545 1430 0.1522 1470 0.0704 2252 0.0746 3388 
0.1885 1333 0.0426 1522 0.1296 1595 0.0543 2333 0.0478 3352 
0.1457 1544 0.0268 1257 0.0970 2017 0.0485 2422 0.0264 3627 


0.0424 3485 0.0365 3230 0.1317 1270 0.0240 1028 0.0787 2340 0.0455 2443 
0.0350 3751 0.0287 3197 
0.0266 4084 0.0282 3195 
0.0235 4233 


0.1298 1173 0.0229 1069 0.0518 2821 0.0440 2237 
0.1099 1277 0.0462 2813 0.0288 2374 
0.1013 1096 0.0252 3682 0.0224 2425 
0.0960 1180 0.0129 3700 
0.0756 1014 
0.0718 921 
0.0688 1087 
0.0670 1099 ~. . .  


0.0508 782 
0.0508 782 
0.0345 767 
0.0203 683 


a Moles of lecithin per mole of bile salt. Calories per mole of lecithin; 1 calorie = 4.184 joules. 


Table 111-Heat of Mixing of Lecithin Suspended in Deuterium 
Oxide with Sodium Cholate in Deuterium Oxide Solution a t  25" 


R" - A H b  
0.5955 
0.3817 
0.2399 
0.1213 
0.0629 
0.0306 


46 1 
642 
954 
1635 
2878 
3819 


Moles of lecithin per mole of sodium cholate. Calories per mole of lecithin. 


pensions were measured in a batch microcalorimeteP described previ- 
ously (10). The normal calorimeter strip-chart recorder with an integrator 
was replaced with a digital output device. The potential from the calo- 
rimeter thermopile was amplifiedg, and the output was fed sequentially 
to a voltage-to-frequency converterlo and to a counterll. 


Heats of mixing of aqueous sodium cholate solutions with aqueous 
solutions of nonionic, cationic, and anionic detergents were measured 
with a titration calorimeter*2 interfaced with a mini~omputer'~. The 
computer counted and recorded the number of pulses representing the 
calorimeter heat output. It also controlled the on-off timing of the buret 
and calibration heater14. 


Methods-The techniques and methods of calibration of the batch 
microcalorimeter were described previously (11). Heats of dissolving 
aqueous suspensions of egg lecithin with bile salt solutions were obtained 
by mixing 1-4 ml of 0.1 molal solutions of sodium bile salt with 0.25-2 
ml of 0.01-0.05 molal suspensions of lecithin in the batch microcalo- 
rimeter. Solutions and suspensions were prepared by weight and injected 
into the calorimeter cell with syringes, which were weighed before and 
after delivery of solution. 


Enthalpies for the dissolution of lecithin by sodium cholate in the 
presence of sodium chloride were measured in the same way, except that 
aqueous sodium chloride solutions were substituted for distilled water 
in the preparation of lecithin suspensions and sodium cholate solu- 
tions. 


~~ 


Model 10700-2, LKB Instruments, Rockville, MD 20852. 
Model 150 B microvolt ammeter, Keithley Instrument Co., Cleveland, OH 


lo Designed by Dr. Wesley White, Chemistry Department, University of 


11 Model 5330 B reset counter, Hewlett-Packard, Santa Clara, CA 95050. 
12 Model 550 isotierrnal titration calorimeter, Tronac Inc., Orem, UT 84057. 
13 Model 2100A, Hewlett-Packard, Cupertino, CA 95014. 
'4 The com uter interface and programs for the operation of the calorimeter were 


44139. 


Kansas. 


provided by fir. Wesley White. 


Table IV-Heat of Dissolution of Lecithin by Sodium Cholate in 
Aqueous Sodium Chloride Solutions at 25" 


0.1 M NaCl 
R" - 0.2 M NaCl - R 


0.4904 589 
0.4061 676 
0.3082 824 
0.2661 93 1 
0.1988 1219 
0.1511 1569 ~. ~~ 


0.1192 1953 
0.0890 2466 
0.0827 2617 
0.0515 3348 


0.5021 
0.3894 
0.2787 


596 
703 
923 


0.2483 1036 
0.2009 1270 
0.1437 1703 . -.  ._ 


0.1184 2055 
0.0894 2557 
0.0753 2786 
0.0426 3501 
0.0240 3945 


Moles of lecithin per mole of sodium cholate. * Calories per mole of lecithin. 


Likewise, the enthalpy measurements in deuterium oxide were per- 
formed with deuterium oxide substituted for distilled water in the solu- 
tions and suspensions. 


Heats of mixing aqueous solutions of sodium cholate with aqueous 
surfactant solutions were measured by placing 20 ml of 0.03 molal sodium 
cholate in the isothermal reaction vessel and titrating with 0.05 molal 
surfactant with the motor-driven syringe buret. Detailed procedures for 
the operation and calibration of the titration calorimeter were published 
(12.13). The batch and titration calorimeter gave results in good agree- 
ment with literature values for the heat of dilution and heats of mixing 
for standard reactions. 


RESULTS 


Heats of dissolution of suspended lecithin by aqueous bile salt solutions 
are given in Table I1 and Fig. 2 as calories per mole of lecithin as a function 
of the final system composition expressed as moles of lecithin per mole 
of bile salt. For the dissolution of lecithin by sodium cholate solutions, 
these experiments were repeated in deuterium oxide (Table 111 and Fig. 
3) and in 0.1 and 0.2 M NaCl (Table IV and Fig. 4). In all cases, the ini- 
tially cloudy lecithin suspension formed a clear solution after mixing in 
the calorimeter with the bile salt solution. Over the concentration range 
studied, the measured heats were a function only of the lecithin to bile 
salt ratio and not of the total lipid concentration. 


Enthalpy values for the mixing of surfactant solutions with aqueous 
sodium cholate solutions are given in Table V and Fig. 5 as calories per 
mole of surfactant as a function of moles of surfactant per mole of sodium 
cholate. 
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Figure 4-Enthalpy of dissolution of lecithin by sodium cholate in the 
presence of added sodium chloride at  25’. Key: 0, water; A, 0.1 M NaCl; 
and 0, 0.2 M NaC1. 


DISCUSSION 


The dissolution of suspended hydrated lecithin by bile salt solutions 
was accompanied in every case by the evolution (negative AH) of large 
amounts of heat (Fig. 2). Previous observations of heats of micelle for- 
mation generally yielded small and positive values for the enthalpy 
(14-18). It has generally been assumed, therefore, that the driving force 
for micelle formation is the positive entropy change associated with a 
hydrophobic species leaving the aqueous environment to form a micelle 
(17). Micelle formation of surfactants is attrihuted to the hydrophobic 
effect phenomenon, similar to the stabilization of proteins in their native 
configuration in an aqueous environment (17, 19). 


The large exothermic heats ohtained in these studies suggest that the 
process is not simply “hydrophobic” micelle formation. The process in- 
vestigated here is shown in Scheme 1: 


xL(Hs0) -I y(HS)so~ + I A x ( B S ) y  


Scheme I 


in which x moles of hydrated lecithin (I,) interact with y moles of bile salts 
(BS) in aqueous solution to form a complex micellar solution. In an 
aqueous dispersion, lecithin is presumably in the form of liposomes 
(20-22) consisting of concentric envelopes of lipid bilayers. The milky- 
white lipid bilayer dispersions are solubilized in the presence of bile salt 
solutions to form optically clear micellar solutions. Under the experi- 
mental conditions, the heat measured may he seen as the sum of the heat 
of simple bile salt micelle dissociation and the heat of mixed micelle 
formation with lecithin. 


Dilution heat studies on sodium cholate solutions showed that the 
enthalpy of simple micelle dissociation is negligible compared to the total 
heat observed for the dissolution of lecithin by bile salt solution. The 
observed heat is, therefore, virtually entirely the heat of mixed micelle 
formation. Heat evolution during this process is difficult to understand 


Table  V-Heat of Mixing Aqueous Surfactant  Solutions with 
Aqueous Sodium Cholate at 25” 


Anionic“ Nonionicb Cationice 
Detergent 


-AH -P=m Detergent 
K d  -AH‘ R 


0.0352 4784 0.0247 6474 0.0244 3779 
0.0704 4186 0.0495 6200 0.0489 3323 
0.1056 3870 0.0743 5398 0.0733 2936 
0.1408 3637 0.0990 4794 0.1222 2601 
0.2112 3203 0.1485 3974 0.1711 2344 
0.2816 2899 0.1980 3473 0.2200 2082 
0.3520 2697 0.2476 3152 0.2689 1883 
0.4224 2553 0.2971 2922 0.3178 1754 
0.4928 2408 0.3961 2578 
0.5632 2289 0.4950 2315 


a Sodium lauryl sulfate. 6 Polyoxyethylated tert-octylphenol. Cetrimonium 
bromide. d Moles of surfactant per mole of sodium cholare. Calories per mole of 
surfactant. 


in terms of the Small-Dervichian model (Fig. 1) since no new chemical 
bonds are formed in the mixed micelle. In the mixed disk model, however, 
a substantial fraction of the bile salt molecules are partitioned into the 
bilayer interior as hydrogen-bonded pairs. It may be assumed that in the 
low dielectric micelle interior, the bile salt molecules are hydrogen bonded 
to each other t o  a much greater extent than in the aqueous phase. The 
partition of bile salt molecules from the aqueous phase to the micelle 
interior would be accompanied by increased hydrogen bonding and heat 
evolution. 


Recently, Oakenfull and Fisher (9) suggested that bile salts are asso- 
ciated by hydrogen bonding in aqueous solution. This finding, based on 
conductance and volume studies, is in conflict with earlier models for bile 
salt association. It has generally been assumed that premicellar associ- 
ation of bile salts occurs by hydrophobic interaction between the nonpolar 
flat surfaces of the bile salt molecules. This hydrophobic association 
model was suggested on the basis of NMR studies of aqueous bile salt 
solutions (23). This conflict remains to be resolved. It seems reasonable 
to assume that any hydrogen-bonded association in the aqueous phase 
will be enhanced in a less polar medium. Hydrogen bonding between bile 
salt molecules in a lecithin bilayer also would be consistent with spec- 
troscopic evidence for hydrogen-bonded association of di- and trihydroxy 
methylcholanoates in carbon tetrachloride (24). 
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Figure 5-Enthalpy of mixing surfactant solutions with sodium cholate 
solution a f  25O. Key: 0,  lecithin; ., polyoxyethylated tert-octylphenol; 
A, cetrimonium bromide: and 0 ,  sodium lauryl sulfate. 
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According to the mixed disk model (8), the ratio of lecithin to cholate 
within the micelle interior is 21, not including the cholate molecules that 
make up  the circumference of the disk. 


This 2:l ratio is also the proportion observed a t  the phase limit (7,25, 
26). Therefore, for each mole of lecithin solubilized, there is 0.5 mole of 
bile salt within the micelle. If each pair of bile salt molecules is attached 
by two hydrogen bonds, then one-half of a hydrogen bond is formed for 
each lecithin molecule solubilized. The enthalpy for hydrogen bond 
formation in alcohols varies from -3 to -10 kcal/mole (27,28). If a value 
of -6 kcal/mole is assumed, then the heat accompanying the dissolution 
of 1 mole of lecithin would be -3 k c a h o l e .  This crude estimate of the 
enthalpy change expected assumes that hydrogen bonding is the most 
important contribution. Since other processes such as hydrophobic effects 
and changes in hydration also contribute, the expected enthalpy value 
cannot be estimated more accurately. 


Comparison of the dissolution heat of lecithin by sodium cholate in 
water and deuterium oxide (Fig. 3) shows that the results are indistin- 
guishable. These results also suggest that  the extent of interaction of the 
bile salt in the micellar interior determines the enthalpy observed and 
that hydrophobic forces in the aqueous phase play only a minor role. 


In several cases (Fig. 2), the enthalpy per mole of lecithin dissolved 
increased sharply as the lecithin to bile salt ratio decreased. This result 
suggests that as this ratio decreases, more bile salt partitions into the 
micelle phase, with a concomitant increase in hydrogen bonding. An in- 
crease in bile salt partition into the micellar phase as the aqueous bile 
salt concentration increases would be expected to occur if the distribution 
of bile salt between the micelle interior and the aqueous phase is seen as 
a mass action phenomenon. For taurocholate and taurochenodeoxy- 
cholate, equilibrium dialysis studies have shown that the micellar con- 
centration of bile salt increases with the aqueous bile salt concentration 
(29). 


The effect of added electrolyte on the enthalpy of dissolution of lecithin 
by sodium cholate is shown in Fig. 4. The enthalpy values become more 
negative as the concentration of added sodium chloride increases. This 
enhancement may be caused by increased partition of bile salt into the 
micelle due to “salting out” of the bile salt from the aqueous phase. The 
increased penetration of bile salt into the micellar phase is expected to 
lead to increased hydrogen-bonded association and, therefore, to more 
heat evolution. 


Bile salts form complex micellar solutions with ampiphilic substances 
other than lecithin (3). I t  was hoped that an examination of the ther- 
modynamic properties of the interaction between bile salts and other 
ampiphilee would shed further light on the bile salt-lecithin associa- 
tion. 


Enthalpies of mixing sodium cholate solutions with solutions of a 
nonionic detergent (polyoxyethylated tert-octylphenol), a cationic de- 
tergent (cetrimonium bromide), and an anionic detergent (sodium lauryl 
sulfate) were measured. The results (Fig. 5) were compared with the 
lecithin data. In each case, even larger, more exothermic values for the 
complex micelle formation heat were obtained. 


A detailed discussion of the differences in enthalpies between the 
different detergents would be highly speculative on the basis of the lim- 
ited information available. However, these results are consistent with 
the suggestion that, in each case, the heat evolution is due to enhanced 
hydrogen-bonded association of the bile salt molecules in the micellar 
interior. 
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Table 11-Assay Results on Commercial Antiseptic (Percent 
Concentration of Hexylresorcinol) * 


Percent Percent 
Assavb Found ReDortedc 


1 0.097 0.1 
2 0.107 0.1 
3 0.106 0.1 
4 0.107 0.1 


Average deviation = 0.004, SD = 0.005, and coefficient of variation = 4.8%. 
Data from “Handbook of Nonprescription 


Drugs,” 5th ed., American Pharmaceutical Association, Washington, D.C., 1977, 
p. 263. 


Replicate assays of same sample. 


DISCUSSION 


The results (Table 11) show that a commercial antiseptic solution can 
be assayed for hexylresorcinol by using a simple HPLC method. No in- 
terfering peaks were observed from the other listed component (glycerin) 
in the commercial product analyzed. Recovery studies were performed 
on the aqueous hexylresorcinol solution (0.05%), and the extraction ef- 
ficiency was 74.9%. The extraction and HPLC analyses of aqueous 
standard solutions gave a linear response with hexylresorcinol concen- 
trations between 0.025 and 0.125%. 


This analysis utilized an aqueous standard carried through the exact 


procedure as the samples. Since the aqueous standard closely simulated 
the samples, the concentrations were calculated by comparing peak 
heights of the aqueous standard and the unknown sample. Extraction 
efficiency affects both samples and standards equally and, therefore, need 
not be considered in the calculation of concentrations. 


A control also was run with each batch to monitor instrument condi- 
tions. This procedure minimizes assay errors due to technique. The total 
analysis time was less than 10 minhample. 
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Abstract  0 A collaborative study of the USP high-pressure liquid 
chromatographic assay for folic acid was performed. Two samples were 
analyzed in duplicate by 14 participating, laboratories. Relative standard 
deviations for a single determination (RSDS) ranged from f0.40 to 
*2.39%. Based on an analysis of variance, it was concluded that the 
method of peak measurement was a major determinant of reproducibility 
and that graphical measurement was associated with a high standard 
deviation. Adequate resolution was obtained using a variety of columns 
and operating conditions. The interlaboratory RSDS was f1.8%. 


Keyphrases 0 Folic acid-high-pressure liquid chromatographic 
analysis in prepared samples, collaborative study 0 High-pressure liquid 
chromatography-analysis, folic acid in prepared samples, collaborative 
study Vitamins-folic acid, high-pressure liquid chromatographic 
analysis in prepared samples, collaborative study 


A recently developed high-pressure liquid chromato- 
graphic (HPLC) method (1) for the assay of folic acid bulk 
substance was introduced into the USP (2) to replace the 
spectrophotometric method (3). In a subsequent supple- 
ment (41, the new method was revised slightly. 


The HPLC method is more specific and accurate than 
the previous one. A collaborative study’ was undertaken 
to validate the precision and practical applicability of this 
HPLC method on a wide scale. 


A subcommittee of the PMA-QC Sertion. appointed hy Dr. H. Hammer and 
chaired by Dr. J. Sheridan, was responsible for carrying out this study. 


EXPERIMENTAL 


Four vials containing 100 mg each of two folic acid test samples (A and 
B), 75 mg of folic acid USP reference standard, and 20 mg of leucovorin 
calcium2 (calcium formyltetrahydrofolate) were sent to 19 collaborators, 
along with a copy of the method (5) and auxiliary instructions for per- 
forming the determination and reporting results. Collaborators were 
requested to make duplicate injections of each of two weighings of 
Samples A and B and the folic acid reference standard and to report raw 
data and results, calculated on the dry basis, using the average response 
from the duplicate injections in the calculation. 


The method as written allowed the individual collaborator considerable 
latitude in choice of column and operating conditions. However, a system 
suitability test required that the operator obtain a resolution factor of 
a t  least 3.6 between folic acid and leucovorin and a relative standard 
deviation no greater than f296 in the responses from six to 10 replicate 
injections of the standard preparation. 


The amounts of folic acid provided were sufficient for two 30-mg 
weighings by each collahorator plus equipment optimization and 
checkout. The water content of the folic acid was determined (duplicate 
50-mg samples in methanol) before subdivision hy the titrimetric method 
and reported to the collaborators (reference standard, 7.7%; Sample A, 
7.6%. and Sample B, 7.8%). Collaborators were requested to report, in 
addition to raw data and assay results, results of the system suitability 
test and certain information about instrument and operating condi- 
tions. 


Raw data from all collaborators were entered into a time-shared 
computer, and results were calculated by a user-written program. 


2 Provided hy Lederle Lzihwatories 


002235491 79/ 0200-024 1$0 1.00/ 0 
0 1979. American Pharmaceutlcai Association 


Journal of Pharmaceutical Sciences / 241 
Voi. 68, No. 2, February 1979 







Table I-Summary of Operating Information 


Collab- Length Stationary Phase, 96 Pressure, Rate, Injection Volume, Injected, Measurement Time', Resolution RSDd, 
orator X i.d., cm Phase0 methanol psi ml/min Device PI pg Methodb min Factor % 


1 30 X 0.4 B 5 590 1 20-plIoop 20 NR' E 22.6 3.7 0.96 
1.12 2 30 X 0.4 B 4 2300 2.0 10-plhop 10 30 H X W  13.8 3.7 
0.7 3 30 X 0.4 B 3 1000 1.5 2 0 4  loop 20 NR E 18.2 4.7 


9.7 3.7 0.21 
4 25 X 0.4 B 
5 30 X 0.4 B 6 1300 1 2 0 4  loop 20 10 E 
6 25 X 0.5 P 10 600 1 20-pll00p 20 30 E 14.0 3.9 0.95 
7 30 X 0.4 B 4 1500 1.0 10-pl IOOP 10 NR H 15.0 3.0 1.17 
8 25 X 0.5 P 6.5 1690 2.5 25-pl loop 25 6 E 9.5 3.8 0.58 
9 25 x 0.5 P 2 1000 1.5 20-pl loop 20 6 H 32.7 5.0 1.22 


10 25X0.3 s 8 2700 1.2 20-pl IOOP 20 1 E 7.7 3.9 0.92 
11 33 X 0.4 B 5 1000 1.5 25-plsyringe 20 4 H X W  8.8 2.0 0.78 


1.1 12 3 0 x  0.2 B 4 2500 2 10-plloop 10 30 H 25 3.7 
13 30 X 0.4 €3 6 1400 1 10-pll00p 10 0.6 H 53.5 4.6 1.4 
14 30 X0.4 B 4 1500 2 10-plloop 10 30 E 13.1 3.8 0.36 


Column Mobile Flow Injection Amount Retention 


3 1750 1.7 25-plsyringe 5 NR H X W  11.0 3.1 2.0 


0 B = PHondapak Cis  P = Partisil ODS, and S = Spherisnrb ODS. E means electronic, H means peak height nnly. and H X W means height times width. 'I'ypical 
nr averaee retention t imt  nf folic acid. d Relative standard deviation obtained in system suitability test. e NR means collaborator did not specifically report any deviation 
from th&recommended amnunt d:30 rg. 


RESULTS 


Fourteen collaborators (including this laboratory) reported results. 
Operational information is summarized in Tahle 1. Although a few lab- 
oratories were unable to achieve the separation and precision required, 
a wide range of instrumental conditions can be used to obtain adequate 
separation between folic acid and leucovorin. 


Results for all collaborators are shown in Tahle 11. Collaborators 4.7, 
and 11 should not he considered representative of the method because 
the minimum resolution factor was not obtained. However, even these 
cases are in good agreement with the other collaborators, presumably 
because, with the low content of impurity present, poor separation did 
not change the result very much. 


T o  determine more specifically the sources of error in the method, an 
analysis of variance was performed. The reproducibility of the chroma- 
tographic portion of the procedure (u., injection and peak measurement) 
was evaluated for each collahorator from the relative differences between 
responses for duplicate injections of samples and standard (i.e.,  six pairs 
of numbers). The reproducibility of the overall procedure was evaluated 
by comparing results obtained for the duplicate weighing of Samples A 
and R, using the average of instroment responses for two injections. From 
these data, the variance of the preparation steps alone can be calculated. 
The equation is derived as follows. 


The formula for calculation of results is: 


where W is the weight ofthe sample (x )  or standard (s); H' is the average 
peak response of the sample ( x )  or standard (s); and d and i are the 
dilution volume and injection volume, respectively, and are the same for 
the sample and standard. 


The first term in this expression represents the preparation of material 
for injection while the second term represents the injection and peak 


Table  11-Summary of Results 


i3 - 
Collaborator A, A ., A € 3 1  B? 


1 
2 
3 
4 


6 
7 
8 
9 


10 
11 
12 
13 
14 


Average 
*RSU, 1% 


7 


100.5 
98.5 


100.5 
96.9 
99.9 
99.3 
98.4 
96.0 
99.4 


101.5 
101.8 
100.0 
98.5 
98.8 
99.3 


1.7 


99.6 
101.3 
98.6 


101.5 
97.6 
98.9 
96.3 
95.2 
98.3 
99.3 
99.8 


101.1 
99.0 


100.3 
99.0 


1.8 


100.1 100.8 99.2 
99.9 98.2 99.1 
99.6 97.9 99.1 
99.2 97.2 98.4 
98.8 100.4 100.5 
99.1 99.7 98.5 
97.3 95.9 94.5 
95.6 97.9 96.3 
98.9 96.4 98.8 


100.4 98.3 98.3 
100.8 100.3 99.7 
100.6 103.9 100.0 
98.8 100.5 99.9 
99.6 97.9 99.1 
99.2 98.9 98.7 


1.4 2. I 1.6 


100.0 
98.7 
98.5 
97.8 


100.5 
99.1 
95.2 
97.1 
97.6 
98.3 


100.0 
101.9 
100.2 
98.5 
98.8 


1.7 


Table  111-Precision of t h e  Method 


Preparation 
Relative 


Overall Chromatographic Variance 
Collaborator RSD (a,) RSD (a,.) ( U ? )  


1 0.93 
2 1.47 
3 1.17 
4 2.39 


9 1.34 
10 1.11 


0.25 
0.51 
0.79 
2.50 
0.32 
0.36 
1.28 
0.88 
2.17 
0.86 
0.58 
1.87 
0.60 
0.36 


0.40 
0.95 
0.37 


-0.26 
0.61 
0.16 
0.03 
0.03 


-1.46 
0.24 
0.4 1 
0.24 


-0.10 
0.39 


measurements. In multiplication and division, the squares of the relative 
standard deviations are additive; therefore: 


2RSD; + 2RSDi2. = RSDf (Eq. 2)  


where p .  c', and o refer to preparative, chromatographic, and overall 
relative standard deviation, respectively. Since responses from duplicate 
injections were averaged to obtain R'. the RSDT. is equal to half of RSDP 
( R S D  for a single injection) and the expression reduces to: 


O.S(RSI1: - RSD;) = RSDg (Eq. 3) 


The variance of the preparation step for each collaborator was calcu- 
lated with this equation (Table 111). Except for the extreme negative value 
for Collaborator 9, the results are more uniform than the chromatographic 
variance. The average variance for the preparation step (excluding Col- 
laborator 9) is 0.27, equivalent to an RSD of fO.5%. 


A possible explanation for the poorer chromatographic precision by 
some collaborators is the apparent correlation between a high RSD and 
graphical peak measurements (Table I ) .  This correlation suggests that 
electronic area measurements are more precise than either height or 
height X width measurements. 


One collaborator arranged for biological assays of the folic acid samples 
and reported 10 results on each sample. The average and standard de- 
viation of these results were calculated and compared to the average re- 
sults obtained by the chromatographic method, using the t test for sig- 
nificance of difference between two averages. 


The results seem to indicate that the biological assay result for Sample 
A differ significantly from both the biological result for Sample B and 
the chromatographic result for Sample A. However, in view of the limited 
nature of the hiological testing. the real significance of this difference is 
not known. In any case, the question was not pursued further since it was 
not the purpose of this collahorative study. 


IJpon discussion with collaborators, some recommendations concerning 
the description of the method were formulated: 
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1. The exact manner of preparation and degassing of the mobile phase 
should be left to the operator as long as the final solution has the proper 


2. The preparation and injection of folic acid solutions should be made 
more flexible to allow for smaller amounts of folic acid and larger injection 
volumes. The former change may he necessary to prevent overloading 
of some detectors while the latter change permits better reproducibility 
of manual injections. 


3. The particle base may be nonspherical since its shape i s  not critical 
to the determination. 


These recommendations have been incorporated in the latest USP 
supplement (4). 


The majority of collaborators were able to achieve acceptable separa- 
tion and precision with the chromatographic method in spite of the va- 
riety of instrumental and operating conditions used, indicating that the 
method should be widely applicable. 


PH. 
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Abstract  The synthesis of some 6-substituted 3,5-dioxo- and 3-thi- 
0~0-5-0~0-2,3,4,5-tetrahydro-l,2,4-triazines for possible antineoplastic 
activity is reported. The assigned structures were substantiated by IR, 
NMR, and mass spectral studies of representative members of the series. 
Four compounds were tested against P-388 lymphocytic leukemia and 
were inactive. 


Keyphrases 1,2,4-Triazines, substituted-synthesied, antineoplastic 
activity evaluated in mice Antineoplastic activity-various substituted 
1,2,4-triazines evaluated in mice Structure-activity relationships- 
substituted 1,2,4-triazines evaluated for antineoplastic activity in 
mice 


Of the different 6-aza analogs of pyrimidines screened 
for anticancer potency, 6-(3,4-methylenedioxystyryl)-3- 
thioxo-5-oxo-2,3,4,5-tetrahydro-1,2,4-triazine (IV, R = 
3,4-CHzO&sH3 and X = S, Scheme I) was more active 
than mercaptopurine and fluorouracil in animals (1,2). 


In a search for novel antineoplastic agents, i t  was of in- 
terest to prepare 6-styryl-3,5-dioxo- and 3-thioxo-5-0x0- 
2,3,4,5-tetrahydro-1,2,4-triazines with new substituents 


RCH=CHCOCOOH + HZNNHCXNHZ - 
I n 


~ N ~ N H  
RCH=CH 


Y ~ - N H  I 


R C H s C H  
I 


OWNAX 
OH NH2 H 


111 Iv 
Scheme I: R = m-IC&d, o-C&&H~OC&~, substituted 2-phenyl-4- 


pyratolyl, or C&I&H=CH and X = 0 or S 


on the phenyl ring (IVa-IVc, Table I). The diverse bio- 
logical activities of the pyrazole nucleus suggested the 
synthesis of two new as-triazines in which a substituted 
1 -phenyl-4-pyrazolyl moiety replaced the phenyl ring: 
6- [&(3,5-dimethyl- l-phenyl-4-pyrazolyl)vinyl] - and 
6-[~-(1,5-diphenyl-3-methyl-4-pyrazolyl)vinyl]-3-thioxo- 
5-0~0-2,3,4,5-tetrahydro-1,2,4-triazines (IVd and IVe, 
Table I). I t  was also of interest to prepare and screen as- 
triazines having the phenyl ring separated from position 
6 by a 1,3-butadiene instead of the vinyl side chain: 6- 
(4-phenyl-l,3-butadienyl)-3,5-dioxo- and 3-thioxo-5- 
oxo-2,3,4,5-tetrahydro- 1,2,4-triazines (IVf and IVg, Table 
I). 


RESULTS AND DISCUSSION 


Chemistry-For the synthesis of the new triazines, the reactions 
shown in Scheme I were followed. Condensation of arylidenepyruvic acids 
(I) with semicarbazide (11, X = 0) hydrochloride or thiosemicarbazide 
(11, X = S) yielded semicarbazono- or thiosemicarbazonoarylidenepy- 
ruvic acids (IIIa-IIIg, Table I). Subsequently, IIIa-IIIg were cyclized 
to the corresponding 1,2,4-triazines (IVa-IVg, Table I) in the presence 
of sodium hydroxide. Compound IVg previously was synthesized by 
heating thiosemicarbazonocinnamylidenepyruvic acid (IIIg) with 
aqueous sodium carbonate for 3 hr (3). Conversion of IVg to IVf was re- 
ported to take place when IVg was heated with aqueous alkaline potas- 
sium permanganate solution followed by acidification of the reaction 
mixture (3). 


The IR spectra of the triazines showed multiple bands in the 3500- 
2900-cm-l region (NH stretching) and strong bands a t  1720-1680 (C=O 
stretching) and 1560-1520 (amide 11) cm-1. In addition, the spectra of 
the 3-thio derivatives revealed a band of medium intensity between 1300 
and 1270 cm-’ (C=S stretching) but lacked the band characteristic of 
the SH group of a thiol tautomer. These data indicate the existence of 
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Dissolution Rate of p -Aminobenzoates from Solid Xylitol Dispersions 
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~~~ 


Abstract 0 Xylitol was studied as a carrier in solid dispersions because 
of its low melting point and stability up to 180'. I t  is more stable than 
sucrose and does not enter into Maillard reactions. Solid dispersions were 
prepared from esters of p-aminobenzoic acid and xylitol by Lhe melting 
method and were compressed into tablets. The p-aminoberizoate disso- 
lution rates were determined by a modified beaker method. The increase 
in the dissolution rates was greatest a t  the lowest drug levels. When the 
dispersion drug content exceeded 20-30%, the dissolution rate per unit 
area remained nearly constant. In the latter case, the increase in the 
dissolution rate was primarily due to an increase in area. When the carbon 
chain length was increased in the homologous series, the dissolution rate 
from the xylitol dispersions showed a nearly linear decrease. 


Keyphrases p-Aminobenzoic acid-rate of dissolution from solid 
xylitol dispersions 0 Xylitol-carrier, solid dispersions of p-amino- 
benzoic acid esters o Dissolution rate-p-aminobenzoic acid esters from 
solid xylitol dispersions 0 Dosage forms, solid-dispersions, p-amino- 
benzoic acid esters in xylitol, dissolution rate 


Solid dispersions have been used to increase the disso- 
lution rate and bioavailability of drugs that are only 
slightly water soluble. The carriers used have been phys- 
iologically inert compounds that are readily water soluble. 
To reduce sulfathiazole particle size, eutectic mixtures, for 
example, have been prepared from urea and slightly 
water-soluble sulfathiazole by the melting method (1).  
However, the high temperatures required by the melting 
method may cause either the drug or the carrier to de- 
compose. 


p-Aminobenzoic acid esters, particularly the higher 
homologous ones, are only slightly soluble in water (2). 
Xylitol was studied as a carrier for solid dispersions of 
p-aminobenzoates because of its low melting point and 
stability up to 180". Xylitol is almost equal to sucrose in 
water solubility and is more stable chemically; when xylitol 
is heated in the presence of amino groups, it does not un- 
dergo the Maillard ("browning") reaction (3,4). 


The  melting range of xylitol is 93-94.5", and it begins 
todecompose a t  179-186" (3). When xylitol is used as the 
dispersing medium, the dissolution process is endothermic. 
The relatively high negative heat of xylitol solution is 145.7 
J l g  (3). 


EXPERIMENTAL 


Materials-The p-aminobenzoic acid esters studied were methyl 
p-aminohenzoatei, ethyl p-aminohenzoate' (henzocaine), propyl p -  
aminobenzoate2 (risocaine), and butyl p-aminobenzoate' (butambenj. 
Xylito13 was used as a carrier. 


Solid Dispersion Preparation-Solid dispersions were prepared 
using the direct melting method (1) .  A physical mixture of the drug and 
xylitol was made, and this mixture was heated in an IR bath4. The mix- 


1 Purum. Fluka AG 
2 ICN Pharmaceuticals. 
3 Pharmaceutical grade, Sokerikemia Oy. Xyrofin Ltd 
4 Strohlein. Dhsseldorf-Stuttgart, West Germany. 


ture of xylitol and methyl p-aminobenzoate was heated to 114', and the 
other mixtures were heated to 96-98'. The molten mixture was cooled 
quickly by pouring it onto a stainless steel plate in an ice bath. The 
mixture was left to stabilize for 24 hr a t  room temperature. 


Sample Preparation-The dispersion used in the tablets was pul- 
verized to 0.71-mm particles. For dissolution rate determination, the solid 
dispersions were compressed into cylindrical tablets (18 mm in diameter; 
750 mg) using a hydraulic press5 in the same way as potassium bromide 
disks are prepared for IR spectroscopy. Pure drug tablets were prepared 
using the same pressure, 400 MPa. 


Dissolution Rate Determination-The dissolution rates were de- 
termined using a modified beaker method (5). Each determination was 
run in 600 ml of distilled water in a 800-ml beaker a t  37'. The tablet was 
placed on a sieve net (mesh 2.0 mm) positioned 2 cm from the bottom of 
the beaker. A sieve net basket (4 X 4 X 1 cm) was placed over the tablet 
(6 ) .  A three-blade stirre$ was placed 5 cm from the bottom of the beaker. 
The stirring speed was 60 rpm. 


The tablet was placed on the sieve net, and the solvent was poured into 
the beaker. Thedissolution test time was 3 min. Samples were taken a t  
the stirring blade level through a filter7 using a peristaltic pump which 
let the sample solution into the spectrophotometer flow-through cells8. 
The sample solution absorbance was registered automatically a t  284 nm. 
Xylitol did not interfere. The dissolution rate was determined per tablet 
unit area (milligrams per square centimeter per hour). 


RESULTS AND DISCUSSION 


A t  a low drug content (<lo%), the molten mixture solidification was 
slow. When the drug content was increased, however, the dispersion so- 
lidified quickly. A solid dispersion of xylitol-p-aminobenzoates increased 


\ 
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10 20 50 do 50 60 i o  80 do too 
, pAMINOl3ENZOATE CONTENT OF XYLITOL DISPERSIONS, % 
Figure I-p-Aminobenzoic acid ester dissolution rate from solid xylitol 
dispersions in 600 ml of water at 37'. Key: 0, methyl p-aminobenzoate; 
0, ethyl p-aminobentoate; A, propyl p-aminobentoate; and 0 ,  butyt 
p-aminobenzoate. 


Matra-Werke G.M.B.H., type M 177.2, Frankfurt, West Germany. 
Nalgene 6160. 


Unicam SP. 8 0 A .  Unicarn Instruments Ltd. 
' Millipore, 0.22 pm. 
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the p-aminobenzoate dissolution rate. The difference between several 
dissolution rate tests was less than f 5 %  during the first 3 min of disso- 
lution when the surface areas of the tablets were still nearly identical. The 
dissolution rate was calculated over the portion of the dissolution profile 
that followed zero-order kinetics. 


The increase in the dissolution rate as compared with that of pure drug 
tahlets was greatest when the drug content was lowest. The dissolution 
rate of a xylitol dispersion containing 5% butyl p-aminobenzoate was 
about 10 times, per unit area, the pure drug dissolution rate. When the 
increase in area caused by dispersion of the drug with xylitol(1:20) was 
considered, the dissolution rate of a 5% dispersion was about 200-fold that 
of the pure drug. The dissolution rate of the methyl p-aminobenzoate 
dispersion was fivefold per unit area, which corresponds to a 100-fold 
increase in the dissolution rate of the pure drug when the increase in area 
is considered. When the dispersion drug content was 20-3090, the changes 
in the dissolution rate per unit area decreased. In this case, the increase 
in the dissolution rate was primarily due to an increase in area. 


A curve depicting the dissolution rates as a function of the drug content 
of the dispersion was of nearly the same shape for each compound (Fig. 
1 ) .  When the p-aminobenzoic acid ester alkyl group carbon chain was 


increased, the xylitol dispersion dissolution rate showed a nearly linear 
decrease. 
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Abstract 0 The influence of the changes in biliary excretion and reab- 
sorption rates on the pharmacokinetics of drugs subject to enterohepatic 
circulation was examined analytically. A recently proposed two-com- 
partment model with drug elimination occurring in each compartment 
was adapted to represent the body and the GI tract. Enhanced reab- 
sorption was equivalent to biliary excretion rate reduction, except that 
the latter always decreased a and prolonged the cu-phase half-life while 
the former always increased a and shortened the half-life. However, 
depending on the relative values of the two elimination rate constants, 
biliary excretion reduction (or reabsorption enhancement) could either 
increase or decrease the terminal drug half-life (8-phase). Whether the 
terminal drug half-life was prolonged or shortened, a hiliary excretion 
reduction always increased the area under the plasma decay curve for 
intravenous and oral doses and also raised the steady-state drug level in 
the body for constant-rate intravenous infusion. As a consequence, the 
lethality, toxicity, or effectiveness of the drug will be increased for pa- 
tients with impaired bile flow or enhanced drug reabsorption; therefore, 
the clinical dosage may have to be reduced. 


Keyphrases Enterohepatic circulation-effect of biliary excretion 
and reabsorption rates on drug pharmacokinetics, two-compartment 
model 0 Distribution-enterohepatic circulation, effect of hiliary ex- 
cretion and reabsorption rates, pharmacokinetics, two-compartment 
model o Pharmacokinetics-enterohepatic circulation, effect of biliary 
excretion and reabsorption rates, two-compartment model 


When a substance is excreted into the bile, passes 
through the lumen of the intestine, is reabsorbed, and then 
is carried to the liver uia blood flow, it undergoes entero- 
hepatic circulation or cycling. Many endogenous and ex- 
ogenous substances (bile salts, morphine, methadone, 
methotrexate, digitoxin, etc. ) can undergo enterohepatic 
circulation (1). Pharmacokinetic study of drugs subject to 
enterohepatic circulation has gained importance in recent 
years. 


A two-compartment model representing the body and 
the GI tract was recently proposed by Harrison and Gi- 
baldi (2) to describe the influence of cholestasis (bile flow 
reduction or discontinuance) on the elimination of drugs 
undergoing enterohepatic circulation. Scheme I shows the 


Intravenous 


r - k  
compartrnen t nonbiliary elimination 


GI tract 
oral dose 


Scheme I-Pharrnacokineiic model for a drug su bject to enterohppatic 
circulation. 


pharmacokinetic model of the biliary excretion (k 12) and 
reabsorption process ( k z l )  of a drug eliminated by both 
compartments. Cholestasis was simulated numerically by 
reducing the transfer rate constant k I 2 .  Results (2) sug- 
gested that cholestasis can either increase or decrease the 
terminal drug half-life ( T'&J, depending on the ratio of the 
two elimination rate constants k l 0 l k 2 ~ .  If the ratio is 
greater than unity, cholestasis will increase /3 and reduce 
the drug half-life. The reverse is true if the ratio is less than 
unity. In contrast, a biliary excretion reduction will always 
decrease CY and prolong the wphase half-life. 


Although the terminal drug half-life may be decreased, 
many experiments showed that drug lethality and toxicity 
are greater in animals with a ligated bile duct than in 
normal animals (1). Furthermore, since enterohepatic 
circulation is characterized by biliary excretion and 
reabsorption, the reabsorption influence on drug dispo- 
sition should also be studied. In the present work, the ef- 
fects of both processes on the pharmacokinetics of drugs 
undergoing enterohepatic circulation were examined an- 
alytically. The dependence of the drug half-lives, the area 
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Abstract 0 Blood levels of intact chloroprocaine were determined using 
a GLC procedure capable of detecting as little as 10 ng of chloropro- 
caine/ml of blood. It was necessary to deactivate plasma cholinesterases 
in collected samples by adding echothiophate iodide to blood sampling 
tubes. An extraction procedure, followed by a TLC separation and 
spectrodensitometric assay, was developed for measurement of the me- 
tabolite 2-chloro-4-aminobenzoic acid in plasma and urine. With these 
procedures, data were obtained showing that chloroprocaine is hydrolyzed 
rapidly by plasma cholinesterases. No unchanged drug could be detected 
in any blood samples obtained from volunteers who received chloropro- 
caine by intravenous infusion or from obstetric patients who had epidural 
anesthesia during labor and delivery. Blood levels of 2-chloro-4-amino- 
benzoic acid rose promptly with the administration of chloroprocaine 
and declined rapidly after drug administration. Most of the metabolite 
was recovered in urine. 


Keyphrases 0 Chloroprocaine-GLC analysis in plasma and urine, 
metabolism and elimination in humans 0 GLC-analysis, chloroprocaine 
in plasma and urine Metabolism-chloroprocaine in humans 
Elimination-chloroprocaine in humans 0 Anesthetics, local-chloro- 
procaine, GLC analysis in plasma and urine, metabolism and elimination 
in humans 


~ ~ ~~ 


Structurally, the local anesthetics commonly used to 
relieve pain during surgical and obstetrical procedures are 
of two main types: amides and esters. The amide-type 
agents tend to be longer acting, because they are more 
stable toward hydrolysis and are not rapidly metabolized. 
As a consequence, when administered repeatedly to ob- 
stetric patients during labor, these agents may accumulate 
in high or even toxic concentrations in the maternal and 
fetal blood. Neonatal depression, fetal bradycardia, 
methemoglobinemia, and even fetal deaths have been at- 
tributed to the toxicity of these drugs (1-4). In contrast, 
chloroprocaine' (I), an ester-type local anesthetic, is hy- 
drolyzed rapidly by the maternal and fetal plasma pseu- 
docholinesterase into two relatively nontoxic metabolites, 
2-chloro-4-aminobenzoic acid (11) and 2-diethylami- 
noethano12 (111) (Scheme I) (6,7). 


The objective of this study was to ascertain whether the 
apparent low toxicity (8) of I can be attributed to its rapid 
metabolism resulting in low levels of intact drug in the 
maternal and/or fetal blood. Therefore, it was necessary 
to develop sensitive and selective procedures capable of 
measuring the intact agent and a metabolite, 11, in bio- 
logical fluids. The approach described involves: ( a )  col- 
lection of blood samples over echothiophate, which com- 
pletely inhibits plasma cholinesterase activity; ( b )  sepa- 
ration of the plasma fraction to facilitate handling and 
shipping of the samples; ( c )  extraction of either I or I1 into 


1 Nesacaine, Pennwalt Corp., Rochester, N.Y. 
2 A recently published paper by Raj et al. (5) described a spectro hotometric 


approach to measuring I levels directly in plasma. Efforts to du licate t i e  procedure 
were not successful, primarily because of sample opacity andLr component inter- 
ference. 


7 c1 
I 


h 
I1 


Scheme I 


an organic solvent; and ( d )  measurement of the drug or 
metabolite by GLC or by the emitted fluorescence of a 
treated TLC plate. 


EXPERIMENTAL 


GLC Determination of Chloroprocaine (1)-The following modified 
procedure of Somogyi (9) was employed to precipitate protein. A 5-ml 
aliquot of 1.8% (w/v) Ba(OH)y8H20 was added to 2 ml of plasma in a 
50-ml centrifuge tube, and the mixture was shaken for 45 sec. This time 
was long enough to ensure good contact and complete protein precipi- 
tation, yet short enough to minimize losses due to alkaline hydrolysis?. 
A 5-ml aliquot of 2% (w/v) ZnS04.7H20 was added to the sample. Com- 
pound I dissolved in this neutral solution was stable throughout the re- 
mainder of the procedure. 


The precipitated protein was separated from the liquid by centrifu- 
gation, and the supernate was decanted into a 50-ml graduated tube. The 
precipitate was washed twice, by repeating the above procedure, using 
2 ml of 1.8% Ba(OH)2 and 2 ml of 2% ZnS04. These washes were added 
to the initial liquor, the combined volume was read, and the entire sample 
was transferred to a 30-mi separator. The pH was adjusted to 8.5 with 
2% (w/v) sodium bicarbonate. 


The aqueous phase then was extracted with methylene chloride4 three 
times; 5 ml was used for the initial two extracts, and 2 ml was used for the 
final one. The extracts were placed into a 15-ml centrifuge tube, and the 
combined volume was recorded. At this time, the internal standard [lo0 
pI of 0.001% (w/v) procaine in methylene chloride] was added to the ex- 
tract. To act as a scavenger and to  minimize drug losses that may occur 
by adsorption on glass surfaces, 1 mi of 0.02% (w/v) triethanolamine in 
methylene chloride was then added. 


The methylene chloride was removed under a gentle stream of nitrogen 
at 50". The walls of the tube were washed down with 2 ml of methylene 
chloride, and again the solvent was removed. The residue was reconsti- 
tuted with 100 pl of methylene chloride, and a 5-pl sample was injected 
into a biomedical gas chromatograph6. The instrument, operated iso- 
thermally a t  220°, was equipped with a flame-ionization detector and 
a 1.2-m long X 3-mm i.d. glass column packed with 10% SE-30 on 80- 
100-mesh Chromosorb W. The injection port temperature was 230", and 
the detector temperature was 270". The flow rates were 40 ml/min at 40 


The ester linkage of I is susceptible to hydrolysis, either through base catalysis 
or by lasma cholinesterases. For that reason, the contact time a t  the elevated pH 
must Re minimized and the enzymic hydrolysis must be inhibited completely to 
obtain reliable data. 


Pesticide grade, Fisher Scientific. 
Hewlett-Packard model 7610 A. 
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Table I-Recovery of Chloroprocaine Added to  Whole Blood 


I Added, Amount 
ng/ml Recovered, Percent 


of blood ng/ml Recovery 


100 
loo 
250 
250 
625 
625 


1250 
1250 
2500 
2500 
Mean 
SD 


97 
100 
252 
234 
628 
656 


1242 
1311 
2524 
2483 


97 
100 
101 
94 


100 
105 
99 


105 
101 
99 


100 
3 


psig for the carrier gas (helium), 35 ml/min for hydrogen, and 300 ml/min 
for air. 


A typical chromatogram is shown in Fig. 1. Under these conditions, 
the practical lower limit of detection for I was = 10 ng/ml of plasma. 


Quantitative TLC Estimation of 2-Chloro-4-aminobenzoic Acid 
(11)-A volume of fluid (for samples taken during anesthetic procedures, 
usually 5 ml of plasma or 2 ml of urine) containing a minimum of 50 ng 
of I1  was made acidic (pH 1-3) by addition of 1 ml of a saturated ammo- 
nium chloride solution and a few drops of concentrated hydrochloric acid. 
The metabolite was extracted into an equivalent volume of ethyl acetate 
as the mixture was agitated on a rotary mixer6 for 10 min. 


The two phases were separated by centrifugation and spotted on a 
F-254 silica gel (0.25 mm thickness) TLC plate7. The individual com- 
ponents were separated by acetic acid-methanol-chloroform (2:18:80 
v/v). A pilot run may be required so that the volume spotted and/or the 
concentration of the ethyl acetate solution can he adjusted to obtain a 
spot containing 50-200 ng 0 1  11, the linear range of response by the 
spectrodensi tometers. 


The plate was developed to within 2 cm of the top and dried. It was then 
exposed to acetic acid vapors and sprayed with 0.01% fluorescamineg. The 
amount of fluorescence developed a t  the incident wavelength of 370 nm 
was quantitated with the spectrodensitometer. The intensity of the 
emitted green fluorescence (wavelength around 450 nm) approximated 
a linear relationship with concentration over a range of 50-200 ng/ 


;ONTAINIffi 'LASMA , ,\ 2-CP 


4 8 10 


Figure 1-Typical chromatograms of extracts of human plasma (2-CP 
= ch loroprocaine ). 


Lab Quake, Labindustries, Berkeley, Calif. 


Model SC3000. Schoeffel Instruments, Westwood, N.J. 
Fluram, Roche Diagnostics, Nutley, N.J. 


' E. Merck, Brinkmann Instruments, Westbury, N.Y. 


Table 11-Recovery of 2-Chloro-4-aminobenzoic Acid Added to 
Plasma or Urine 


Plasma Urine 
Added, gg/ml Percent Recovery Added, pglml Percent Recovery 


5.0 112 
5.0 102 
5.0 106 


10.1 97 
io.1 91 
10.1 98 


Mean 102 
SD 6 


100.4 
100.4 
100.4 
100.4 
376.4 
376.4 
376.4 
376.4 


94 
96 
94 
90 
88 
91 
91 
92 
92 
2 


~~ 


Most of I1 is excreted in the urine as conjugates, which were hydrolyzed 
by treating with an equivalent volume of 1 N NaOH a t  100' for 20 hr. If 
acid hydrolysis is employed in lieu of the base treatment, decarhoxylation, 
resulting in the formation of 2-chloroaniline, will occur. 
In Vitro Estimation of Hydrolysis Rate-Protein precipitation was 


initially used to diminish the background interference caused by sub- 
stances endogenous to plasma; subsequently, it was employed to termi- 
nate enzymatic hydrolysis in preparation for the acquisition of kinetic 
data. 


Blood samples from obstetrical patients and cord blood from their 
newborns, as well as blood from healthy volunteers, were collected in 
heparinized blood sampling tubed0. 


While the sample was agitated on a vortex mixer, a known amount of 
I was added rapidly as an aqueous solution (20 pl of approximately 250 
ng of Vpl of water) to 2 ml of blood or plasma at  23'. A t  a preselected time, 
the enzymatic hydrolysis was terminated by protein precipitation and 
the residual I1 was extracted and determined as described. Since the re- 
action is very rapid, it was neressary for the analyst to act expeditiously. 
Pilot measurements indicated that a half-life of 10-30 sec can be expected 
for the intact drug in normal plasma. With this criterion, sampling times 
of 2,10,20, and 60 sec were adequate. 


In Vivo Studies-Sampling Procedures-It would not have been 
practical to terminate enzymatic action via protein precipitation while 
blood was being drawn from patients or volunteers. Therefore, a program 
was initiated to investigate cholinesterase inhibitors. Echothiophate 
iodide rapidly and completely inhibited the cholinesterase activity of 
blood, and it was used to modify sample tuhes according to the following 
procedure. 


Commercially available, heparinized, 10-ml blood sampling tuhesI0 
were modified by the addition of 50 mg of echothiophate iodide" 
(aqueous solution, 100 MI of 0.5 g/ml) to each tuhe. The tubes were then 
stoppered, and a vacuum of 200 torr was reestablished. To preserve the 
integrity of the inhibitor, the tubes were refrigerated until used. 


Intrauenous Infusion Studies-Seven healthy volunteers, four males 
and three nonpregnant females, each received 250 mg of I (2% concen- 
tration) by constant rate intravenous infusion. These seven volunteers 
were divided into two groups. The first group of three received the infu- 
sion over 60 min. Since no side effects were observed, the infusion rate 
was then increased to 250 mg/30 min for the second group of four. 


A total of 12 blood samples per individual was drawn into the modified 
tubes from the antecubital vein in the contralateral arm a t  preselected 
times during the infusion and up to 30 min after it was terminated. Urine 
samples were collected 60 and 90 mi, after the beginning of infusion, and 
their volumes were measured and recorded. Plasma fractions were sep- 
arated promptly by centrifugation and frozen along with the urine sam- 
ples until analyzed. Attempts to measure I were made on all samples. 
Determination of 11 levels were made only in the second group of four 
volunteers. 


Obstetric Epidural Anrsthrsia-One patient in labor received con- 
tinuous epidural anesthesia over 3 hr preceding delivery. Anesthesia was 
induced and maintained with 2% I, for a total dose of 740 mg. Maternal 
venous blood samples were drawn into echothiophate-containing tubes 
a t  10,20,30, and 60 min after the induction of anesthesia. Another ma- 
ternal sample was obtained a t  delivery, along with fetal samples from the 
umbilical artery and vein. These samples were analyzed for I only. 


Two other patients receiving continuous epidural anesthesia during 
labor were studied. At birth, maternal venous, umbilical venous, and 
umbilical arterial samples were collected for determination of I and 11. 


lo Vacutainer, Becton-Dickinson, Kutherford, N.J. 
1' Ayerst Laboratories, New York, N.Y. 
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Table 111-Half-Life (Seconds) of Chloroprocaine in Maternal 
and  Umbilical Cord Blood 


Subject Maternal Umbilical Cord 


1 
2 
3 
4 
5 
6 
7 
Mean 


13 
15 
19 
21 
22 
27 
29 
21 a 


23 
38 
37 
45 
58 
47 
50 
A20 


a Paired t test; p < 0.001. 


Table IV-Half-Life (Seconds) of Chloroprocaine i n  Samples of 
Whole Blood Obtained from Male a n d  Female Controls 


Males Females 


Mean 
SD 


14 ~~ 


22 
25 
22 
20 


21" 
4 


Table  V-Plasma Cholinesterase Inhibition by Various 
Substances 


Concen- Percent 
tration Recovery 


of of 
Inhibitor Drug 
in Blood, after 


Inhibitor mdml 30min 
~ ~- 


Protein precipitation - I00 
Sodium arsenite 5-50 10-50 
Sodium fluoride 5-15 50 
Dimethylcarbamate of (2-hydroxy-5- 0.5-5 50 
pheny1benzyl)trimethylammonium 
bromide" 


Sodium fluoride plus dimethylcarbamate 0.5-15 50 
Echothiophate iodide 0.5 80 


1.0 90 


bromide" 
Sodium fluoride plus dimethylcarbamate 0.5-15 50 
Echothiophate iodide 0.5 80 


1.0 90 


24 
27 
31 
21 
22 


Hoffmann-La Roche Inc. Ayerst Laboratories. 


Table  VI-Recovery of Chloroprocaine Showing the  
Effectiveness of Echothiophate-Modified Tubes 


26 
25" 
4 


Pooled t test; 0.10 < p <  0.20 


RESULTS AND DISCUSSION 


GLC Determination of I-The feasibility of using GLC techniques 
was demonstrated for the determination of I in biological fluids. An initial 
protein precipitation was required to reduce background interference 
from endogenous plasma constituents. While Table I provides data 
showing recovery of a known addition of I (100-2500 ng/ml) from fresh 
prepoisoned human blood, a practical detection limit of 10 ng/ml could 
be attainedI2. 


Quantitative TLC Estimation of 11-In all of the subjects studied, 
I was hydrolyzed so rapidly that the intact drug could not be detected. 
Therefore, the drug disposition was followed indirectly by determining 
levels of one of its primary metabolites, 11, by the previously described 
extraction and quantitative TLC procedure. 


To evaluate the method, known amounts of I1 were added to blood and 
urine samples. According to the described procedures, these samples were 
acidified and extracted with ethyl acetate and then the metabolite con- 
tent of the extract was determined by the quantitative TLC procedure. 
The data in Table I1 show good agreement between the amounts added 
and those recovered. The practical detectable limit was about 50 ng of 


While the procedure is applicable to whole blood measurement, it is 
more convenient to use the plasma fraction. Therefore, the possibility 
of preferential distribution between the erythrocyte fraction and plasma 
must be considered. A known amount of I1 was added to each of four 
whole blood samples, which were then incubated a t  37O for 1 hr. The 
plasma from two of the samples was then separated. The I1 content of 
these fractions was compared to that in the remaining two whole blood 
samples, and no significant differences in concentration could be ob- 
sewed. Because of the relative ease of handling, plasma samples were used 
for subsequent measurements. 


In Vitro Estimation of Hydrolysis Rate-To gain insight into the 
detoxification mechanisms of I, its hydrolysis rates were determined in 
maternal and fetal plasma samples (Table HI), as well as in samples ob- 
tained from healthy male and nonpregnant female volunteers (Table IV). 
These determinations were performed a t  room temperature (23O). The 
rates of in uiuo metabolism a t  37' should be faster. 


Since the cholinesterase activity of the neonate's plasma appears to 
be related to that of the mother, and since the sampling of the male and 
female population was independent, the statistical comparison of ma- 
ternal and cord plasma was made by a paired t test while the comparison 
between male and female plasma was made according to a pooled t test. 
The ohserved mean plasma half-life of I was shorter in males than in fe- 
males; however, this difference was not significant. In contrast, the hy- 
drolysis of I was much faster in maternal than in fetal plasma; the dif- 


II/spot. 


Percent Recovery 
Subject na Mean SD 


1 6 
2 5 
3 6 
4 6 


74 4 
I9 6 
73 3 
74  R 


a Three samples per subject in duplicate (one tube for Subject 2 was lost). 


ferences of observed mean values of approximately 21 and 43 sec, re- 
spectively, were highly significant. 
In Vivo Studies-Sampling Procedures-To prevent artifactual drug 


hydrolysis in the collected samples, it was necessary to develop an ef- 
fective and convenient technique of completely inhibiting cholinesterase 
in the sampling tube. Several potential inhibitors were compared relative 
to protein precipitation (Table V). T o  be acceptable, the material had 
to meet the following requirements: (a) complete and rapid inhibition 
of cholinesterase activity, (b)  lack of interference in the final GLC mea- 
surements, and (c) convenience in clinical usage. Only echothiophate a t  
the 2-mg/ml level possessed the required characteristics. 


T o  confirm further the general acceptability of echothiophate as an 
inhibitor, a known quantity of I (3.8 &tube) was added to heparinized 
blood sampling tubes, previously modified with echothiophate. These 
tubes were used for blood collection from four healthy volunteers. The 
samples were then analyzed for residual I content (Table VI). From the 
23 measurements, a mean recovery of 75% (SD = 4) was obtained, indi- 
cating that approximately 25% of the drug was hydrolyzed prior to 
complete enzyme deactivation. Obviously, a finite time lapse is un- 
avoidable before the required contact between blood cholinesterases and 
echothiophate can be established. This interval is apparently sufficient 
to allow hydrolysis of 25% of the added drug. Despite this problem, the 
data demonstrate that echothiophate is an excellent agent for terminating 
enzymatic hydrolysis of I and that its use provides reliable blood samples 
for subsequent assay. 


Table  VIl-2-Chloro-4-aminobenzoic Acid Content (Micrograms 
per Milliliter) of Plasma in Subjects Receiving 250 mg of 
Chloroprocaine/SO min by Intravenous Infusion 


Subject Subject Subject Subject 
Minutes 1 2 3 4 


a 30 - 3.5 4.3 3.6 
Infusion 


terminated 
35 2.6 -a ~. ~~ 


40 2.6 
45 2.2 
60 0.8 


0.7 
0.6 
Nil 


2.2 1 .s ~. ~~ 


2.0 1 .o 
1.8 0.7 
0.6 0.6 


'* Unpublished data 0 Lost sample. 
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Table VIII-Recovery of 2-Chloro-4-aminobenzoic Acid and  Its Conjugates Emitted in the Urine 60 a n d  90 min after the Beginning of 
a n  Intravenous Infusion of 250 mg of Chloroprocaine/SO rnin 


60 rnin 90 min Total 
Free Conjugate Free Conjugate Free Conjugate 


% % % % % % 
Subject mg dose mg dose mg dose mg dose mg dose mg dose 


1 10.3 6.6 13.9 8.9 0.5 0.3 20.2 13.0 10.8 6.8 34.1 21.9 
47.9 10.3 6.6 89.3 57.1 


3 3.9 2.5 43.1 25.1 Trace - 17.6 11.3 3.9 2.5 60.7 38.8 
2 


4 13.0 8.3 50.9 32.6 0.4 0.4 36.6 23.3 13.4 8.6 87.5 56.0 


2.0 1.3 14.5 9.3 8.3 5.3 74.8 


Intravenous Infusion Studies-Compound I could not be detected 
in any sample from volunteers receiving an intravenous infusion. These 
results suggest either that essentially all of the drug disappeared from 
the circulation at  a rate equal to or greater than the rate a t  which it was 
being infused or that plasma cholinesterases had not been deactivated 
completely by the inhibitor during sample collection. If the latter were 
the case, hydrolysis would continue until the protein precipitation pro- 
cedure was carried out. 


The extremely rapid hydrolysis rate shown by in uitro experiments 
suggested that the first alternative was more likely. Nonetheless, to test 
the second alternative, known quantities of 1 were added to aliquots of 
blood samples obtained in the abovementioned protocol. After the 
samples stood for several minutes, they were assayed for residual com- 
pound. No loss of drug occurred, indicating that echothiophate had, in- 
deed, deactivated the plasma cholinesterases. 


Initial measurements for I were negative. No intact drug could be ob- 
served in any of the seven subjects. The distribution and excretion of I 
were then determined indirectly by measuring I1 concentrations in blood 
and urine of the group of four who received the drug over 30 min (Table 
VII). The acid metabolic fragment, 11, was present. Its concentrations 
increased with time, rapidly a t  first, and then tended to plateau. After 
the infusion was terminated, the blood levels of I1 declined at rapid rates, 
either because of further metabolism or through an excretory process. 


As shown in Table VIII, urinary elimination was the primary means 
of removing this metabolite. The listed results were derived from urine 
samples collected from the same four volunteers a t  60 and 90 min from 
the beginning of infusion. As much as 65% of the administered dose was 
found in the urine after 90 min. Most ofthe I1 was excreted as a conjugate 
of which no definite identification has been made, although 0-glucu- 
ronidase and sulfatase had no effect upon the release of 11. In analogy to 


Table IX-Levels (Micrograms per  Milliliter of Plasma) of 
Anesthetic and Its Metabolite in Maternal and Umbilical Cord 
Plasma of Two Patients Who Received Approximately 800 mg 
of Chloroprocaine for  Obstetric Epidural Anesthesia 


I I1 
Sample Patient 1 Patient 2 Patient 1 Patient 2 


Umbilical artery Nil Nil 0.03 0.09 
Umbilical vein Nil Nil 0.07 0.45 
Maternal vein Nil Nil 1.97 2.78 


unsubstituted benzoic acid and salicylic acid, the glycine conjugate could 
be among the more likely products (10). Regardless of its composition, 
the proportion of the conjugate to the free metabolite increased with 
time. 


Obstetric Epiduraf Anesthesia-No intact 1 could be found in the 
maternal or umbilical cord blood samples following obstetric epidural 
anesthesia. Rapid metabolism within the maternal circulation probably 
prevented the drug from reaching the fetus. Measurable quantities of I1 
were found in all samples (Table IX). They were higher in the umbilical 
venous than umbilical arterial blood, suggesting the transfer of the me- 
tabolite into the fetus. However, the low ratios of fetal to maternal levels 
of I1 indicate that the placental transfer of this compound was very lim- 
ited. 
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Abstract 0 Oral coadministration of a single 250-mg tetracycline capsule 
and 60 ml of a bismuth subsalicylate antidiarrheal mixture reduced tet- 
racycline absorption by 34% without appearing to perturb its absorption 
or disposition rate. A pronounced increase in intersubject tetracycline 
absorption variability also was noted. Apparently, the reduction in tet- 
racycline bioavailability previously reported with a kaolin-pectin sus- 
pension is not peculiar to kaolin-pectin but can be expected with almost 
any antidiarrheal whose mechanism of action is adsorptive in nature. 


Keyphrases 0 Tetracycline-bioavailability, decreased by coadmin- 
istered bismuth subsalicylate antidiarrheal Bismuth subsalicylate- 
antidiarrheal mixture, interference with bioavailability of coadministered 
tetracycline 0 Antibiotics-tetracycline, bioavailability decreased by 
coadministered bismuth subsalicylate 0 Antidiarrheals-bismuth 
subsalicylate, interference with bioavailability of coadministered tetra- 
cycline Drug-antibiotic interactions-bismuth subsalicylate inter- 
ference with tetracycline bioavailability 


Several studies (1-8) demonstrated that kaolin- 
pectin-containing antidiarrheal mixtures1 interfere with 
the absorption of some concomitantly administered oral 
drugs. Retrospective in uitro experiments2 suggested that 
drugs that can exist as cations in solution (e.g., clindamy- 
cin, lincomycin, and tetracycline) are most susceptible to 
irreversible adsorption by negatively charged components 
of the antidiarrheal, but neutral molecules that can hy- 
drogen bond (e.g., digoxin, which contains a large sugar 
molecule) also may interact in an untoward way. 


This paper describes the effect of a bismuth subsalicy- 
late antidiarrheal mixture3 on the bioavailability of the 
cationic drug tetracycline. Concomitant administration 
of both products markedly decreased the antibiotic bio- 
availability, suggesting that, in general, any antidiarrheal 
whose mechanism of action is adsorptive may interfere 
with the absorption of coadministered cationic and hy- 
drogen-bonded drugs. 


EXPERIMENTAL 


The 16 normal, nonobese adult volunteers, whose average age was 26 
years (range of 20-37 years) and whose average weight was 79 kg (range 
of 69-90 kg), exhibited normal vital signs and selected laboratory pa- 
rameters and were without evidence of cardiac, renal, or GI abnormalities. 
These subjects did not receive any antibacterial medication for 30 days 
before initiation of the protocol. During the study, volunteers received 
only the medication prescribed, with 7 days separating each administered 
treatment. 


Subjects were fasted (food and beverage) from 1O:OO pm the night 
before their allocated treatment until 4 hr after drug administration. To 
ensure adequate urine output, subjects were required to drink a t  least 
360 ml of water with their noon meal. Smoking was permitted if i t  was 
the usual custom of a subject. Volunteers did not engage in strenuous or 
athletic activities during the days the drug was given. 


Each subject received a 250-mg tetracycline capsule4 with and without 


1 Kaopectate or Kaopectate Concentrate, The Upjohn Co., Kalamazoo, MI 


* Unpublished data. 
3 Pepto-Bismol, Norwich Products, Norwich, NY 13815. , ' Panmycin H.F.C., 250 mg, The Upjohn Co., Kalamazoo, MI 49001. 


49001. 


bismuth subsalicylate suspension in crossover fashion (Table I). Serum 
samples were obtained at  0,0.5,1.0,2.0,2.5,3.0,4.0,5.0,6.0,8.0,10.0,12.0, 
16.0, and 24.0 hr. Urine specimens were collected at  the following time 
intervals during each treatment period: predose (to serve as a urine 
blank), 0-12,12-24,24-48, and 48-72 hr. All samples were kept frozen 
until assayed microbiologically for tetracycline-like activity (9). 


RESULTS 


The bismuth subsalicylate antidiarrheal preparation effect on average 
tetracycline serum levels and urinary excretion for the 15 subjects who 
completed the study is summarized in Tables I1 and 111, respectively; Fig. 
1 shows the serum tetracycline time course through 24 hr. I t  is evident 
from Table I1 and the figure that, a t  every sampling, significantly lower 
serum antibiotic levels were found following coadministration with the 
antidiarrheal mixture. With the exception of the 2448-hr interval, Table 
I11 shows that the urinary tetracycline excretion was reduced as well. 


The average times of individual peak serum levels were comparable 
for the two treatments, which suggests that absorption rates were similar 
(Table 11). In contrast, Table I1 shows that, following the bismuth sub- 
salicylate treatment, the individual peak average concentration was de- 
creased by 27% and the average 24-hr area under the antibiotic curve 


Table  I-Dosage Schedule a n d  Treatments 


Group Subjects in Group 


Treatment for 
Phase Number" 
I I1 


I 1,3,6,9,  10,12,14, 16 A B 
I1 2,4, 5.7, 8,11, 13,15 B A 


Treatment A was 60 ml of Pepto-Bismol (lot 830547, Norwich Products) fol- 
lowed immediately by one Panmycin H.F.C., 250 mg (lot 532EK. Upjohn), ad- 
ministered orally with 90 ml of water. Treatment B was one Panmycin H.F.C., 250 
mg (lot 532EK. Upjohn), administered orally with 90 ml of water. 


Table  11-Effect of Bismuth Subsalicylate Antidiarrheal 
Mixture on Mean Serum Tetracycline Levels 


Level of 
Significance 


Treatment between 
Averagea Treatments, 


Parameter A B  P 


Serum tetracycline level, pg/ml, at: 
0.5 hr 0.08 0.53 <O.oOOl 
1.0 hr 0.84 1.30 <0.001 
1.5 hr 1.25 1.69 <0.01 
2.0 hr 1.45 1.92 <0.0025 
2.5 hr 1.50 1.98 <0.001 
3.0 hr 1.54 2.04 <0.001 
4.0 hr 1.44 1.97 <0.001 
5.0 hr 1.22 1.85 <0.0001 
6.0 hr 1.07 1.64 <0.0001 
7.0 hr 1.02 1.55 <0.001 
8.0 hr 0.91 1.40 <0.0001 


10.0 hr 0.80 1.23 <0.0001 
12.0 hr 0.68 1.02 <O.OoOl 
16.0 hr 0.47 0.73 <0.0001 
24.0 hr 0.30 0.47 <0.001 


Average of individual peak serum levels, 1.60 2.18 <0.001 


Time of individual peak serum levels, hr 2.80 3.03 N S h  
AUC through 24 hr, pg/ml X hr 17.5 26.1 <0.0001 
Half-life, hr 8.38 9.13 <0.05 
Renal clearance, ml/min 79.6 80.7 NS  


p d m l  


See Table I. * NS = not significant. 
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Table 111-Effect of Bismuth Subsalicylate Antidiarrheal 
Mixture on Mean Urinary Tetracycline Excretion 


Amount Excreteda, mg Level of Significance 
Time Interval, hr A B between Treatments, p 


0-12 56.7 86.7 co.001 ~ ~~~ 


12-24 26.2 45.5 co.op 
24-48 18.3 21.0 NS 
48-72 3.72 5.38 C0.005 
0-72 105 159 co.001 


a See Table I. * NS = not significant. 


(AUC) was reduced 3396, while Table I11 shows that the 72-hr urinary 
tetracycline recovery was reduced by 33%. These results indicated that 
the antidiarrheal disturbed either the absorption or the disposition of 
the antibiotic. All 15 subjects showed lower 24-hr serum antibiotic AUC 
values in the presence of the antidiarrheal, while 14 of 15 subjects showed 
the same trend in 72-hr urinary recoveries (Table 111). 


Two parameters free from absorption influences, renal clearance and 
half-life, also were evaluated to ascertain whether the bismuth subsali- 
cylate product altered tetracycline disposition. Mean renal clearances 
were virtually identical while treatment half-lives differed by only 8% 
(Table 11). Apparently, the interaction between the antidiarrheal and 
the antibiotic affected only absorption, not disposition. 


An estimate of the antidiarrheal influence on absorption can be made 
utilizing a model-independent method described previously (10). This 
technique bases bioavailability assessment on total urinary recovery (U,)  
and renal clearance (Vcl,r) and assumes that changes in serum clearance 
( V c i a )  would be manifested as observed differences in renal clearance 
among treatments. 


Individual relative bioavailability estimates utilizing this approach 
are summarized in Table IV. Even though average treatment renal 
clearances were virtually equal, individual subject values did vary be- 
tween study days. To compensate for these observed differences, ad- 
justmenta in serum clearance were made on the assumption that indi- 
vidual nonrenal elimination components did not change. With the ex- 
ception of Subject 8, bioavailability ratios were less than unity, indicating 
that the antidiarrheal had an adverse effect on absorption. On the aver- 
age, tetracycline bioavailability when coadministered with bismuth 
subsalicylate was only 66% (FA/FB = 0.66, p < 0.001). 


The effect of the bismuth subsalicylate antidiarrheal mixture on in- 
tereubject tetracycline variability is summarized in Table V. Except for 
time to peak, the data show that the variabilities exhibited by the pa- 
rameters peak maximum, area under the curve, and urinary recovery were 
greater for the bismuth subsalicylate treatment. Since the two disposition 
parameters (renal clearance and half-life) exhibited similar ranges and 
percent standard deviations between treatments, the greater variation 


Table IV-Model-Independent Relative Bioavailability Estimate a 


i 
V 


a 


U 
W 
v) 


a a 
W 


I I 1 I 
0 4 8 12 16 20 24 


HOURS 
Figure 1-Effects of bismuth subsalicylate antidiarrheal mixture on 
serum tetracycline levels following concomitant'administration of both 
drugs. Key: 0, tetracycline alone; and A, tetracycline plus bismuth 
subsalicylate. 


associated with antidiarrheal coadministration can be attributed pre- 
dominantly to a perturbation in tetracycline absorption. These results 
parallel the findings on absorption efficiency already described. 


DISCUSSION 


The only previous studies of antidiarrheal effect on coadministered 
oral drug absorption involved kaolin-pectin products (1-8). These studies 


Clearances, ml/min Urinary Re- Relative 
A covery, mg Amount Absorbed, B 


Subjectb Vc1.r ( V C l . 8  )'ex vci,r ( V,l..9)ex A B FA/FB 
1 89.3 124.0 85.2 119.9 97.7 175.8 0.560 
2 93.0 111.4 125.7 144.1 84.2 216.0 0.330 
4 53.3 111.8 81.2 139.7 88.5 143.7 0.629 
5 72.2 133.2 77.8 138.8 108.6 137.4 0.796 
6 70.3 111.3 82.3 123.3 122.1 164.6 0.730 
7 82.4 129.8 95.5 142.9 94.8 166.9 0.556 
8 89.9 165.6 95.0 170.7 173.4 121.4 1.44 
9 56.8 126.5 64.1 133.8 80.8 156.7 0.513 


10 84.8 123.7 100.7 139.6 103.0 178.3 0.557 
11 64.1 129.5 64.9 130.3 42.2 122.9 0.344 
12 80.9 113.2 25.8 58.1 96.3 108.4 0.720 
13 54.2 74.2 74.1 94.4 148.3 193.4 0.685 
14 81.5 126.4 93.5 138.4 140.3 168.0 0.820 
15 70.6 124.2 67.4 121.0 58.8 137.7 0.426 
16 151.1 175.9 77.3 102.1 135.0 187.2 0.809 
Mean 79.6 125.4 80.7 126.5 104.9 158.6 0.66lC cv, % 37.3 18.6 33.8 20.7 32.8 18.8 40.5 


a Calculated according to the method of Kwan and Till (10) where: 
( V 3 , , ) ( D B )  


(VA,,), = VA,?+ (v:.*L - v:w 
ur cva..,;. 
(D*)(VA,,) 


(Vtl..).. = uE 


F A I F B  = - 
* Subject 3 did not complete the study. Statistically significantly different from unity using t test (I) < 0.001). 
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Table V-Bismuth Subsalicylate Antidiarrheal Mixture Effect 
on Tetracycline Product  Variability 


Parameter 
Range SD, % 


A R A B  


Peak serum level, pg/ml 0.69-2.29 1.79-2.52 24.4 9.34 
Peak time, hr 2.50-4.0 2.50-5.0 18.9 37.6 
A U C  through 24 hr, pg/ml X hr 7.13-27.9 21.1-30.5 28.9 11.0 
Urinary recovery through 72 hr, 42.2-173 108-216 32.8 18.8 


mg 
Half-life, hr 7.09-10.8 7.58-11.8 11.4 15.1 
Renal clearance. ml/min 53.3-151 25.8-126 29.7 27.3 


suggested that the antidiarrheal influence on antibiotic absorption is dose 
dependent. 


In the present study, 60 ml of a bismuth subsalicylate antidiarrheal 
product was administered concomitantly with a 250-mg tetracycline 
hydrochloride capsule. Since the “active” bismuth subsalicylate con- 
centration was not given on the package, molar comparisons of “active” 
bismuth subsalicylate antidiarrheal to “active” kaolin-pectin products 
were impossible. Nonetheless, the 34% decrease in relative tetracycline 
bioavailability was consistent with the kaolin-pectin with tetracycline 
data and indicated that similar drug interactions are likely with any 
antidiarrheal whose mechanism of action is adsorptive. 


REFERENCES 


(1) J. G. Wagner, Can. J .  Pharm. Sci., 1.55 (1966). 
(2) J. G. Wagner, Drug Intell., 2.38 (1968). 
(3) P. F. Binnion, in “Symposium on Digitalis,” 0. Storstein, Ed., 


Glydenal Norsk Forlag, Oslo, Norway, 1973, p. 216. 
(4) D. D. Brown and R. P. Juhl, N .  Engl. J. Med.,  295, 1034 


(1976). 
(5) W. M. Gouda, Abstr . ,  Acad.  Pharm. Sci.,  63117 (1976). 
(6) K. A. DeSante, A. R. DiSanto, R. G. Stoll, R. D. Welch, T. J. 


Vecchio, and K. S. Albert, ibid., 7,116 (1977). 
(7) K. S. Albert, J. W. Ayres, D. J. Weidler, E. Sakmar, M. R. Hall- 


mark, R. G. Stoll, K. A. DeSante, A. R. DiSanto, and J. G. Wagner, ibid., 
7, 116 (1977). 


(8) K. S. Albert, K. A. DeSante, R. D. Welch, and A. R. DiSanto, ibid., 
7,115 (1977). 


(9) D. C. Grove and W. A. Randall, in “Medical Encyclopedia,” H. 
Welch and F. Marti-Ibasey, Eds., Medical Encyclopedia Inc., New York, 
N.Y., 1955, p. 238. 


(10) K. C. Kwan and A. E. Till, J .  Pharm. Sci.,  62,1494 (1973). 


ACKNOWLEDGMENTS 


The authors thank Ms. Mariann Holthouse for secretarial assistance 
and W. L. Lummis for performing the microbiological assays. 


Molecular Weight Determination of Commercial 
Heparin Sodium USP and 
Its Sterile Solutions 


H. J. RODRIGUEZ * and A. J. VANDERWIELEN 
Received June 19,1978, from Control Analytical Research and Deuelopment, The Upjohn Company, Kalamazoo, MI 49001. 
publication September 8,1978. 


Accepted for 
*Present address: Waters Associates, Milford, MA 01757. 


Abstract  0 A liquid chromatographic assay for the characterization of 
heparin sodium USP and heparin sterile solutions was developed. The 
method employs size exclusion chromatography and computer-based 
data collection and manipulation. An examination of commercially 
available heparin showed only minor differences between the heparins 
extracted from beef lung and porcine intestinal mucosa. The molecular 
weight averages of the material and its sterile solutions were 9000-12,000 
daltons. A correlation was observed between average molecular weight 
and anticoagulant activity for the heparin sodium samples examined. 


Keyphrases Heparin sodium-molecular weight determination of 
commercial products and sterile solutions using liquid chromatography 


Molecular weight determination-commercial heparin sodium USP 
and its sterile solutions, liquid chromatography Liquid chromatogra- 
phy-molecular weight determination of commercial heparin sodium 
USP and its sterile solutions Anticoagulants-heparin sodium, mo- 
lecular weight determination, liquid chromatography 


Several methods for the molecular weight fractionation 
of heparin sodium have been reported (1-3), gel filtration 
being most commonly used (4). In most cases, analysis 
requires several hours per sample and complicated de- 
tection procedures. Recently, a fast and reliable method 
was developed (5,6) using high-performance liquid chro- 
matography (HPLC) with refractive index detection for 
the determination of molecular weight averages of heparin 
sodium USP and injectable heparin sodium solutions 
(6). 


The literature contains conflicting reports regarding the 
relationship of molecular weight and anticoagulant activity 
(7-9). There are also significant differences in the reported 
molecular weights of commercially available heparin (5, 
6,lO). This paper presents the results of an examination 
of sterile injectable heparin sodium from commercial 
sources. The liquid chromatographic method recently 
developed (5) was modified and used to  determine if any 
relationship exists between molecular weight and antico- 
agulant activity. 


EXPERIMENTAL 


A liquid chromatograph’ was equipped with a refractive index detector 
and a syringe loop injector. A minicomputer* was used to monitor the 
refractive index detector signals and to run the molecular weight calcu- 
lation programs. The detector-computer interface is shown in Fig. 1. 


Chromatographic Conditions-Two sets of columns were used. The 
hand-packed set was used initially to compare molecular weight fractions 
for their relationship to anticoagulant activity. Commercially available 
columns were used for the comparative study on heparin sterile solu- 
tions. 


A set of three columns was tap packed with various pore sizes of 5- 
10-pm glycophase-controlled porous glass. These columns were packed 


1 Waters Associates model ALC/GPC 244 equipped with a RI (R-404) and a U6K 


2 PDP-11/40, Digital Equipment Co.; the interfacing was developed in-house. 
injector. 
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1. The exact manner of preparation and degassing of the mobile phase 
should be left to the operator as long as the final solution has the proper 


2. The preparation and injection of folic acid solutions should be made 
more flexible to allow for smaller amounts of folic acid and larger injection 
volumes. The former change may he necessary to prevent overloading 
of some detectors while the latter change permits better reproducibility 
of manual injections. 


3. The particle base may be nonspherical since its shape i s  not critical 
to the determination. 


These recommendations have been incorporated in the latest USP 
supplement (4). 


The majority of collaborators were able to achieve acceptable separa- 
tion and precision with the chromatographic method in spite of the va- 
riety of instrumental and operating conditions used, indicating that the 
method should be widely applicable. 


PH. 
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Potential Antineoplastics I: Substituted 3,5-Dioxo- and 
3 -Thioxo -5 - 0x0 - 2,3,4,5 - tetrahydro- 1,2,4 - triazines 
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Abstract  The synthesis of some 6-substituted 3,5-dioxo- and 3-thi- 
0~0-5-0~0-2,3,4,5-tetrahydro-l,2,4-triazines for possible antineoplastic 
activity is reported. The assigned structures were substantiated by IR, 
NMR, and mass spectral studies of representative members of the series. 
Four compounds were tested against P-388 lymphocytic leukemia and 
were inactive. 


Keyphrases 1,2,4-Triazines, substituted-synthesied, antineoplastic 
activity evaluated in mice Antineoplastic activity-various substituted 
1,2,4-triazines evaluated in mice Structure-activity relationships- 
substituted 1,2,4-triazines evaluated for antineoplastic activity in 
mice 


Of the different 6-aza analogs of pyrimidines screened 
for anticancer potency, 6-(3,4-methylenedioxystyryl)-3- 
thioxo-5-oxo-2,3,4,5-tetrahydro-1,2,4-triazine (IV, R = 
3,4-CHzO&sH3 and X = S, Scheme I) was more active 
than mercaptopurine and fluorouracil in animals (1,2). 


In a search for novel antineoplastic agents, i t  was of in- 
terest to prepare 6-styryl-3,5-dioxo- and 3-thioxo-5-0x0- 
2,3,4,5-tetrahydro-1,2,4-triazines with new substituents 


RCH=CHCOCOOH + HZNNHCXNHZ - 
I n 


~ N ~ N H  
RCH=CH 


Y ~ - N H  I 


R C H s C H  
I 


OWNAX 
OH NH2 H 


111 Iv 
Scheme I: R = m-IC&d, o-C&&H~OC&~, substituted 2-phenyl-4- 


pyratolyl, or C&I&H=CH and X = 0 or S 


on the phenyl ring (IVa-IVc, Table I). The diverse bio- 
logical activities of the pyrazole nucleus suggested the 
synthesis of two new as-triazines in which a substituted 
1 -phenyl-4-pyrazolyl moiety replaced the phenyl ring: 
6- [&(3,5-dimethyl- l-phenyl-4-pyrazolyl)vinyl] - and 
6-[~-(1,5-diphenyl-3-methyl-4-pyrazolyl)vinyl]-3-thioxo- 
5-0~0-2,3,4,5-tetrahydro-1,2,4-triazines (IVd and IVe, 
Table I). I t  was also of interest to prepare and screen as- 
triazines having the phenyl ring separated from position 
6 by a 1,3-butadiene instead of the vinyl side chain: 6- 
(4-phenyl-l,3-butadienyl)-3,5-dioxo- and 3-thioxo-5- 
oxo-2,3,4,5-tetrahydro- 1,2,4-triazines (IVf and IVg, Table 
I). 


RESULTS AND DISCUSSION 


Chemistry-For the synthesis of the new triazines, the reactions 
shown in Scheme I were followed. Condensation of arylidenepyruvic acids 
(I) with semicarbazide (11, X = 0) hydrochloride or thiosemicarbazide 
(11, X = S) yielded semicarbazono- or thiosemicarbazonoarylidenepy- 
ruvic acids (IIIa-IIIg, Table I). Subsequently, IIIa-IIIg were cyclized 
to the corresponding 1,2,4-triazines (IVa-IVg, Table I) in the presence 
of sodium hydroxide. Compound IVg previously was synthesized by 
heating thiosemicarbazonocinnamylidenepyruvic acid (IIIg) with 
aqueous sodium carbonate for 3 hr (3). Conversion of IVg to IVf was re- 
ported to take place when IVg was heated with aqueous alkaline potas- 
sium permanganate solution followed by acidification of the reaction 
mixture (3). 


The IR spectra of the triazines showed multiple bands in the 3500- 
2900-cm-l region (NH stretching) and strong bands a t  1720-1680 (C=O 
stretching) and 1560-1520 (amide 11) cm-1. In addition, the spectra of 
the 3-thio derivatives revealed a band of medium intensity between 1300 
and 1270 cm-’ (C=S stretching) but lacked the band characteristic of 
the SH group of a thiol tautomer. These data indicate the existence of 
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Table I-Semicarbazono- and Thiosernicarbazonoarylidenepyruvic Acids and 6-Substituted 3.5-Dioxo- and 3-Thioxo-S-oxo-2,3,4,5- 
tetrahydro- 1 ,f,l-triazines 


Com- Melting Recrystallization Molecular Analysis, % 
pound R X Point Solvent" Formula Calc. Found 


1110 


IIIb 


IIIe 


IIId 


IIIe 


IIIf 


IIIg 
IVa 


IVb 


IVC 


IVd 


IVe 


IVf 


IVI: 


C 36.8 
H 2.8 


0 219-220' EW C I I H 101 N303 


S 194-195O EW 
N ii:? 
C 35.2 
H 2.7 
N 11.2 


D -C6H5C H2OC6H.j S 175-177O E CisH17N303S N 11.8 s 9.0 


H 5.0 s 9.3 
1,5-Diphenyl-3-methyl-4-pyrazolyl S 216O EW C~iHigN502S C 62.2 


H 4.7 s 7.9 


3.5-Dimethyl- I-phenyl-4-pyrazolyl S 193O EB CisH 17N502S c 55.95 


0 196- 197O E Ci3Hid'J303 C 60.2 
H 5.05 
N 16.2 


C 38.7 
H 2.4 


S 193- 194O E C I ~ H I ~ N ~ O Z S  (3) - 
0 2 15-2 17O E Ci 1H8IN3Ozb 


S 237-238O E CI iHsIN30SC 


S 222O E c ISH 16N302S 


_. 


N 12:3 
C 37.0 
H 2.3 
N 11.8 
C 64.1 
H 4.5 
N 12.45 
s 9.5 


3,5-Dimethyl- 1 -phenyl-4-pyrazolyl S 302-305O A Ci6H isNsOS c 59:05 
H 4.65 
S 9.85 


1,5-Diphenyl-3-methyl-4-pyrazolyl S 290-292O EW C Z I H I ~ N ~ O S - H ~ ~  C 62.2 
H 4.7 s 7.9 


C6H&H=CH 0 300-303O E Ci3HiiN302 (3) C 64.7 
H 4.9 
N 17.2 


36.8 
2.8 


11.6 
34.8 


3.1 
10.7 
12.3 
9.2 


55.8 
5.2 
8.9 


62.5 
5.0 
7.9 


59.8 
5.5 


16.1 


38.3 
2.5 


12.3 
37.0 


2.2 
11.6 
63.6 


4.3 
12.0 
9.8 


58.5 
5.0 


10.4 
62.4 


5.1 
7.9 


64.8 
4.8 


16.8 


- 


- 


these triazines in the 3,5-dioxo- or 3-thioxo-5-0x0 form (IV) in the solid 
state. 


In the 'H-NMR spectra, the aromatic and vinyl protons were in the 
range of 8 6.4-8.0 ppm (multiplet) for IVa and IVb and the two NH 
protons were at  8 11.0 ppm (singlet) for IVa and a t  8 12.8 (singlet) and 
13.2 (singlet) ppm for IVb. The mass spectrum of IVa involved the se- 
quential Ices of two molecules of HNCO from the molecular ion (m/e 341, 
18%), giving m-iodocinnamonitrile (m/e 255.100%) (V). The spectrum 
of IVb was characterized by an intense molecular ion, which successively 
lost HNCO and SH, leading to mle 314 (4%) (VI) and mle 281 (27%) 
(VII), respectively. A loss of HCS from VI yielded the species m/e 269 
(4%) (VIII). 


Antineoplastic Activity-Compounds IVa, IVb, IVf, and IVgI were 
screened against P-388 lymphocytic leukemia in mice according to a 
standard protocol2 (4). Median survival time was taken as the activity 
parameter for tumor evaluation. A compound is considered active in this 
system if the ratio of the median survival times for treated to control mice 
(T/C) is 2125%. None of the compounds reached this value when tested 
by a three-dose assay at  400,200, and 100 mg/kg/injection. 


EXPERIMENTAL3 


Arylidenepyruvic Acids (1)-The required acids were prepared by 


NSC 2'75892,275891,275894, and 275899, respectively. 
2 Drug Evaluation Branch, Drug Research and Development, Division of Cancer 


Treatment, National Cancer Institute, National Institutes of Health, Department 
of Health, Education, and Welfare, Bethesda, MD 20014. 


3 Melting points were determined in o en glass capillaries and are uncorrected. 
IR spectra were recorded on a Perkin-Elmer 421 spectrometer with potassium 
bromide. 'H-NMR spectra were determined on 8 Varian A60A spectrometer with 
deuterated dimethyl sulfoxide as the solvent. Mass spectra were obtained using 
an Organic MS 20 AEI (70 ev) instrument. Microanalysis, for samples dried over 
phosphorus pentoxide at 70" under reduced pressure, was carried out at the Mi- 
croanalytical Unit, University of Cairo, Cairo, A.R. Egypt. 


the base-catalyzed condensation of pyruvic acid with the appropriate 
aldehyde, as previously reported (5). 


Semicarbazono- and Thiosemicarbazonoarylidenepyruvic Acids 
(IIIa-IIIg, Table 1)-A solution of I (0.002 mole) in ethanol (20 ml) was 
heated for 15 min with a solution of semicarbazide (11, X = 0)  hydro- 
chloride or thiosemicarbazide (11, X = S )  (0.002 mole) in a mixture of 
water (10 ml) and acetic acid (0.5 ml). Most of the alcohol was evaporated; 
the yellow product was filtered, washed with water, dried, and recrys- 
tallized from the proper solvent. The yields were 80-90%. 


6-Substituted 3,5-Dioxo- and  3-Thioxo-5-0~0-2,3,4,5-tetrahy- 
dro-lf,l-triazines (IVa-IVg, Table 1)-A solution of the appropriate 
IIIa-IIIg (0.01 mole) in 1 N NaOH (15 ml) and water (5 ml) was refluxed 
for 15 min. After cooling, the yellow clear solution was acidified with di- 
lute hydrochloric acid to pH 6. Then the yellow product was filtered, 
washed with water, and dried. I t  was recrystallized from the appropriate 
solvent as yellow crystals in almost quantitative yields. 
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Abstract 0 Stigmasterol, which differs from @-sibsterol by unsaturation 
a t  C22, was tested for antihypercholesterolemic activity under an ex- 
perimental protocol that  gave the results expected with @-sitosterol and 
cholestyramine. In terms of serum cholesterol, stigmasterol had a barely 
significant antihypercholesterolemic effect while exhibiting no obvious 
effect on the heart or liver. I t  was concluded that saturation of the side 
chain, at least at  C22, is important in conferring antihypercholesterolemic 
activity on a sterol. 


Keyphrases 0 @-Sitosterol-antihypercholesterolemic activity evalu- 
ated in chickens Stigmasterol-antihypercholesterolemic activity 
evaluated in chickens 0 Antihypercholesterolemic activity-j3-sitosterol 
and stigmasterol evaluated in chickens Structure-activity relation- 
ships-j3-sitosterol and stigmasterol evaluated for antihypercholester- 
olemic activity in chickens 


There is no conclusive evidence that lowering plasma 
cholesterol levels can either reverse or prevent certain 
cardiovascular diseases. Nevertheless, many antiath- 
erosclerotic studies have been performed with compounds 
that reduce plasma cholesterol. 


Currently, cholestyramine is the only antihypercho- 
lesterolemic agent that is relatively free of adverse reac- 
tions and reasonably effective in reducing plasma choles- 
terol levels in type I1 hyperlipemia (1-3). Unfortunately, 
it is not always effective (4); therefore, more toxic agents 
must often be employed. 


Niacin and clofibrate, the agents most widely used, have 
been generally considered effective in reducing cholesterol 
and triglyceride levels (5) .  Although their effect on blood 
triglyceride levels is pronounced, they produce only modest 
reductions in blood cholesterol levels (6). Both are asso- 
ciated with unpleasant or hazardous side effects. 


P-Sitosterol also lowers cholesterol levels in humans (1, 
7-11). Reductions in plasma cholesterol levels of the same 
order of magnitude as those with cholestyramine have been 
observed (7,12-14); however, the drug has little effect on 
plasma triglycerides (10). 8-Sitosterol is free of detectable 
toxicity, and there is no evidence that it accumulates in 
tissues (2,15,16). 


The value of these nontoxic agents in the treatment and 
prevention of such diseases as atherosclerosis, myocardial 
infarction, and stroke could be significant. Consequently, 
it was decided to study the structure-activity relationships 


of sterols related to cholesterol for their antihypercho- 
lesterolemic activity. The selection of the White Leghorn 
cockerel as the animal model was discussed previously (17), 
as was the use of GLC for sterol analysis (18). 


EXPERIMENTAL 


General-Day-old White Leghorn cockerels were fed ad  libitum for 
14 days. They were then weighed, banded, and randomly assigned to one 
of five groups: pretest group, sacrificed on the 1st day of the experiment; 
Group A, basic diet; and Groups B, C, and D, basic diet supplemented 
with 1% cholesterol, 1% cholesterol plus 1% test compound, and 1% test 
compound, respectively. Drinking water was always present. 


Serum cholesterol levels were determined (blood collected via the 
brachial vein) at least once during the 4-week experiment. On the final 
day of the experiment, the chicks were weighed and killed; the hearts and 
livers were weighed, photographed, and frozen until analyzed. Serum 
samples also were collected. 


Assays were performed by GLC with cholestane as an internal standard 
(18). Separation of j3-sitosterol. campesterol, and stigmasterol from 
cholesterol was accomplished on columns packed with 3% SE-30 or 3% 
OV-17 on 100-120-mesh Gas Chrom Q (18). Commercially available 
laboratory control samples were used routinely to ensure day-to-day 
reproducibility (18). 


Cholestyramine Experiment-In this experiment, the “test com- 
pound” was the anion-exchange resin cholestyramine. Only 35 chicks were 
employed (seven per group); otherwise, the details followed the general 
procedure described. 


@-Sitosterol Experiment-Day-old chicks (White Leghorn cockerels) 
were fed ad  libitum for 25 days. On Day 25, blood samples were collected 
from each chick in the four groups (1 1 chicks each) of weighed chicks. The 
chicks were then put on the special diets for 19 days; during this time, 
blood was collected every 4th day. On Day 19, they were killed. 


Stigmasterol Experiment-In this experiment, 44 chicks were used 
(nine per group, except the pretest group which consisted of eight). The 
experiment was terminated on Day 24, following the general proce- 
dure. 


RESULTS AND DISCUSSION 


The selection of agents for these experiments was based largely on the 
knowledge that @-sitosterol and cholestyramine are antihypercholes- 
terolemic agents. These agents were used as standards for comparison 
of relative activities. Since stigmasterol differs from @-sibsterol only by 
unsaturation at (222, the results of these experiments should allow the 
influence of that  function on antihypercholesterolemic activity to be 
determined. 


In all experiments, the chicks tolerated their diets well, as indicated 
by their healthy appearance and consistent weight gain (Table I). The 
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the p-aminobenzoate dissolution rate. The difference between several 
dissolution rate tests was less than f 5 %  during the first 3 min of disso- 
lution when the surface areas of the tablets were still nearly identical. The 
dissolution rate was calculated over the portion of the dissolution profile 
that followed zero-order kinetics. 


The increase in the dissolution rate as compared with that of pure drug 
tahlets was greatest when the drug content was lowest. The dissolution 
rate of a xylitol dispersion containing 5% butyl p-aminobenzoate was 
about 10 times, per unit area, the pure drug dissolution rate. When the 
increase in area caused by dispersion of the drug with xylitol(1:20) was 
considered, the dissolution rate of a 5% dispersion was about 200-fold that 
of the pure drug. The dissolution rate of the methyl p-aminobenzoate 
dispersion was fivefold per unit area, which corresponds to a 100-fold 
increase in the dissolution rate of the pure drug when the increase in area 
is considered. When the dispersion drug content was 20-3090, the changes 
in the dissolution rate per unit area decreased. In this case, the increase 
in the dissolution rate was primarily due to an increase in area. 


A curve depicting the dissolution rates as a function of the drug content 
of the dispersion was of nearly the same shape for each compound (Fig. 
1 ) .  When the p-aminobenzoic acid ester alkyl group carbon chain was 


increased, the xylitol dispersion dissolution rate showed a nearly linear 
decrease. 
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Abstract 0 The influence of the changes in biliary excretion and reab- 
sorption rates on the pharmacokinetics of drugs subject to enterohepatic 
circulation was examined analytically. A recently proposed two-com- 
partment model with drug elimination occurring in each compartment 
was adapted to represent the body and the GI tract. Enhanced reab- 
sorption was equivalent to biliary excretion rate reduction, except that 
the latter always decreased a and prolonged the cu-phase half-life while 
the former always increased a and shortened the half-life. However, 
depending on the relative values of the two elimination rate constants, 
biliary excretion reduction (or reabsorption enhancement) could either 
increase or decrease the terminal drug half-life (8-phase). Whether the 
terminal drug half-life was prolonged or shortened, a hiliary excretion 
reduction always increased the area under the plasma decay curve for 
intravenous and oral doses and also raised the steady-state drug level in 
the body for constant-rate intravenous infusion. As a consequence, the 
lethality, toxicity, or effectiveness of the drug will be increased for pa- 
tients with impaired bile flow or enhanced drug reabsorption; therefore, 
the clinical dosage may have to be reduced. 


Keyphrases Enterohepatic circulation-effect of biliary excretion 
and reabsorption rates on drug pharmacokinetics, two-compartment 
model 0 Distribution-enterohepatic circulation, effect of hiliary ex- 
cretion and reabsorption rates, pharmacokinetics, two-compartment 
model o Pharmacokinetics-enterohepatic circulation, effect of biliary 
excretion and reabsorption rates, two-compartment model 


When a substance is excreted into the bile, passes 
through the lumen of the intestine, is reabsorbed, and then 
is carried to the liver uia blood flow, it undergoes entero- 
hepatic circulation or cycling. Many endogenous and ex- 
ogenous substances (bile salts, morphine, methadone, 
methotrexate, digitoxin, etc. ) can undergo enterohepatic 
circulation (1). Pharmacokinetic study of drugs subject to 
enterohepatic circulation has gained importance in recent 
years. 


A two-compartment model representing the body and 
the GI tract was recently proposed by Harrison and Gi- 
baldi (2) to describe the influence of cholestasis (bile flow 
reduction or discontinuance) on the elimination of drugs 
undergoing enterohepatic circulation. Scheme I shows the 


Intravenous 


r - k  
compartrnen t nonbiliary elimination 


GI tract 
oral dose 


Scheme I-Pharrnacokineiic model for a drug su bject to enterohppatic 
circulation. 


pharmacokinetic model of the biliary excretion (k 12) and 
reabsorption process ( k z l )  of a drug eliminated by both 
compartments. Cholestasis was simulated numerically by 
reducing the transfer rate constant k I 2 .  Results (2) sug- 
gested that cholestasis can either increase or decrease the 
terminal drug half-life ( T'&J, depending on the ratio of the 
two elimination rate constants k l 0 l k 2 ~ .  If the ratio is 
greater than unity, cholestasis will increase /3 and reduce 
the drug half-life. The reverse is true if the ratio is less than 
unity. In contrast, a biliary excretion reduction will always 
decrease CY and prolong the wphase half-life. 


Although the terminal drug half-life may be decreased, 
many experiments showed that drug lethality and toxicity 
are greater in animals with a ligated bile duct than in 
normal animals (1). Furthermore, since enterohepatic 
circulation is characterized by biliary excretion and 
reabsorption, the reabsorption influence on drug dispo- 
sition should also be studied. In the present work, the ef- 
fects of both processes on the pharmacokinetics of drugs 
undergoing enterohepatic circulation were examined an- 
alytically. The dependence of the drug half-lives, the area 
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under the plasma decay curve, and the steady-state drug 
level after intravenous infusion on changes in biliary drug 
excretion and reabsorption rates were studied. 


THEORETICAL 


The model used by Harrison and Gibaldi (2) was adopted, although it 
involved the assumption that the bile flow is a continuous process. The 
drug can be administered either as an intravenous bolus injection into 
the body compartment or as an oral bolus dose into the GI tract. Drug 
elimination occurs linearly in both compartments. The rate constant k l o  
represents the sum of all first-order rate constants associated with non- 
biliary elimination; the constant k20 is the drug disappearance rate from 
the reabsorption sites (intestine) by biotransformation in the intestine 
or by fecal elimination. 


The biliary excretion and reabsorption rates are represented by the 
constants k12 and k21 separately. Disease states like cholestasis that re- 
duce biliary excretion or mechanisms (1) that enhance bile flow can all 
be simulated by corresponding changes in k 12. Similarly, changes in the 
conjugate hydrolysis rate due to intestinal microorganisms and subse- 
quent deconjugated product reabsorption can be simulated by changing 
the value of k 2 1 .  


The amount of drug in the body, A ,  as a function of time after different 
administration routes can be solved easily to yield the following analytic 
expressions. 


After intravenous bolus injection of dose D ,  the drug level in the body 
is: 


exp(-Pt) ( k z i  + k20 - P)D exp(-at) + (a - k21 - kzo)D 
Aw = 


a-8 a - P  
(Eq. 1 )  


(Eq. 2) 


(Eq. 3) 


where: 
a = %(k21 + k20 + k12 + k1o + 0)  


B = %(k21 + k20 + k12 + k i o  - C) 
and: 


V 2  = ( k z i  + k20 + k12 + ~ I O ) ~  - 4(k12k20 + k10k21 + k10kzo)  


The area under the intravenous injection plasma decay curve is then 
obtained by integrating Eq. 1: 


(Eq. 4) 


where V is the distribution volume. 
After oral administration of dose D ,  the drug level in the body is: 


Dk21 


a-8 
A,,,I = - [exp(-Bt) - exp(-at)] (Eq. 6) 


Since the area under the plasma decay curve for oral dosing is: 


the oral dose availability (or the fraction absorbed into the body) is: 


(Eq. 8) F=- k21 


k21 + k20 


Following the oral dose, the peak drug level and the time required to reach 
it are: 


Following intravenous drug infusion a t  constant rate ko, the drug level 
in the body as a function of time is: 


As time proceeds, the drug level reaches a steady state: 


Eq. 11) 


Eq. 12) 


The drug half-lives are then given by: 
In 2 TG=- 
a 


and: 
In 2 T&=-  
P 


(Eq. 13) 


(Eq. 14) 


where T$ is the terminal drug half-life. 
The influences of biliary excretion and reabsorption processes on drug 


disposition can be simulated by changing the rate constants k12 and k z l .  
I t  can be shown ( A p p e n d i x )  that: 


(Eq. 16) 


(Eq. 17) 


The physical meaning of a multivariable function partial differentiation 
with respect to one of its variables is the rate of change of that  function 
with respect to the variable while the other variables are held constant. 
Therefore, B will increase as k12 increases and will decrease as k 12 de- 
creases if k20 > klo. If k20 < k l o ,  b will decrease while k 12 is increased. If 
k20 = k l o ,  the value of fi  will be independent of the changes in k12. 


Similarly, no matter what the relative values of k20 and klo ,  the partial 
derivative of a with respect to k12 is always greater than zero. Thus, a 
biliary excretion reduction will decrease a and produce a longer a-phase 
half-life. However, by observing Eqs. 5 7 ,  and 12, it is obvious that a re- 
duction of k12 will increase CXT,, ,  CXT,,,I, and Ass. 


The influence of changing the reabsorption rate kZ1 on the drug elim- 
ination can be studied similarly. It can be proved that: 


(Eq. 1 8 )  


Thus, an increase in the drug reabsorption rate will have the same effect 
on /3 and T& as a biliary excretion reduction. However, daldkzl  is always 
positive for any combination of variables. An enhancement in the reab- 
sorption rate will thus increase cy and shorten the a-phase half-life. 


The effect of kZl on the values of CXTi,, CXT,,,], and A,,* cannot be 
as easily observed as with k12. However, Eqs. 5,7, and 12 can be rewritten 
in the form: 1 (Eq. 21) 


An increase in kzl will decrease the second term in the parenthesis and 
increase CXTi,. Hence, an increase in the drug reabsorption rate will 
increase CXTi,, CXT,,d, and A,, while a reduction of k21 will decrease 
these quantities. 


D 1  k12k20 


( V )  [ k l o  k10(k12k20 + k21k10 + k10k20) 
CXTi ,= - -- 


DISCUSSION 


The influence of the biliary excretion and reabsorption Fates on the 
disposition of drugs subject to enterohepatic circulation was studied 
analytically using the model of Harrison and Gibaldi (2). The results 
are: 


1. If k20 > k l o ,  a biliary excretion reduction or reabsorption rate in- 
crease will decrease P and produce a longer half-life TB. If k20 < k 10. a 
decrease in biliary excretion or reabsorption enhancement will increase 
/3 and shorten the drug half-life. If k20 = 1210, the terminal half-life will 
be independent of the changes in either rate. 


2. A reduction of biliary drug excretion will always decrease the value 
of a and increase the a-phase half-life, while an increase in the reab- 
sorption rate will have the reverse effects, regardless of the combination 
of variables. 


3. A biliary excretion reduction or an increase in the reabsorption rate 
will always increase the area under the plasma decay curve for intrave- 
nous and oral doses and will also raise the steady-state drug level in the 
body following a constant-rate intravenous infusion. 


Biliary excretion enhancement or drug reabsorption decrease will 
produce the opposite effects on drug disposition. 
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Although the terminal half-life may be reduced by biliary dysfunction 
or reabsorption enhancement (when km < klo), CXT,,, CXT,,,I, and A,, 
will always be increased by these changes. Since drug effectiveness and 
toxicity are closely related to CXT values after intravenous or oral dosing 
and to A,,, the steady-state drug level, after infusion, they will increase 
for patients with bitiary dysfunction or enhanced reabsorption. T o  avoid 
toxicity, the drug dosage may have to be reduced accordingly. 


APPENDIX 


From Eq. 3, partial differentiation of p with respect to k 12 yields: 


-=- ” lo - (kz1 + ~ I ‘ L  + k i n  - k2n)l (Eq. A l )  


Since ‘7 is always positive, if k20 2 k21 + kl2 + k lo ,  then dPldk12 will be 
positive. Ifk2l + k12 + k l o  > k20, di3/akl2 has thesamesign as T2 - (k21 


V2 - ( k m  + k12 + k i o  - kzo)’ = 4k21(kzo - kio) (Eq. A2) 


dk12 2T 


+ k12 + k l o  - k20)’. Thus: 


and, therefore: 


(Eq. A3) 


(Eq. A4) 


(Eq. A5) 


Similarly, partial differentiation of /3 with respect to k2l gives: 


(Eq. A6) 


which is similar to Eq. A 1  except that the order o f  k20 and k l o  is reversed. 
Therefore: 
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Abstract 0 Hydrogels prepared from poly(hydroxyethy1 methacrylate) 
are biocompatible and highly permeable to low molecular weight solutes. 
Permeation rates can be varied by altering the cross-linker concentration 
or using copolymers; the latter are chosen to alter the hydrogel equilib- 
rium hydration. These factors suggest that hydrogels are good candidates 
for controlled-release drug delivery devices. Hydrogels may be synthe- 
sized using various temperatures, initiators (nature and concentration), 
and solvents (nature and concentration). This study demonstrated that 
progesterone permeation through poly(hydroxyethy1 methacrylate) films 
is independent of polymerization solvent (nature and concentration) for 
the solvents, water, ethanol, and tert-butyl alcohol. The importance of 
hydrogel equilibrium hydration in progesterone permeation is empha- 
sized. 


Keyphrases 0 Hydrogels, poly(hydroxyethy1 methacrylate)-proges- 
terone permeation, effect of various nonaquttous polymerization solvents 
0 Hydroxyethyl methacrylate-hydrogel fihns, progesterone permeation, 
effect of various nonaqueous polymerization solvents 0 Progester- 
one-permeation through hydrogel membranes, effect of various non- 
aqueous polymerization solvents Delivery devices, controlled-hy- 
drogel membranes, progesterone permeation, effect of various non- 
aqueous polymerization solvents 


Hydrogels are biocompatible (1) and potentially useful 
for controlled-release drug delivery systems (2-9). 
Monomer composition and cross-linker type and compo- 
sition determine hydrogel drug release rates. 


The physical-chemical properties of hydrogels depend 
on polymerization conditions (10). In poly(hydroxyalky1 


methacrylate) synthesis, polymerization at  the gel equi- 
librium water content is convenient. However, varying the 
initial solvent composition is often advantageous in fab- 
ricating controlled-release drug delivery devices. Certain 
fabrication problems may be overcome through non- 
aqueous polymerization (4, 7). However, polymer chain 
organization, degree of cross-linking, and other properties 
may be altered, resulting in a different polymer when water 
is omitted. These changes could affect the permeability of 
these films relative to those polymerized in the presence 
of water. 


For these reasons, a systematic study of polymerization 
solvent effects on progesterone permeability through films 
polymerized from hydroxyethyl methacrylate was un- 
dertaken. Films prepared without cross-linker were chosen 
because the permeabilities of these films are highly sen- 
sitive to small changes in cross-link density (9, 11, 12). 


Also included in the present study are the effects of the 
solvents ethanol and tert-butyl alcohol. Based on ther- 
modynamic (13) and swelling arguments (14), ethanol and, 
to a greater extent, tert-butyl alcohol are better solvents 
for poly(hydroxyethy1. methacrylate) than is water. These 
solvents are expected to offer certain advantages in the 
polymerization of films containing high concentrations of 
cross-linking agents and aid in dissolving drugs that nor- 
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Abstract 0 The synthesis and characterization of a novel parenteral drug 
carrier capable of area specific localization by magnetic means are de- 
scribed. The carrier.consists of human serum albumin microspheres, 
average of 1 pm in diameter, in which a magnetizable material (magnetite) 
and a prototype drug (doxorubicin) are entrapped. Stabilization of the 
microsphere matrix by formaldehyde, 2,3-butanedione, and heat con- 
ferred equal stability to the matrix but differentially affected the in uitro 
drug release rate. Released doxorubicin was chemically identical to the 
starting material. 


Keyphrases 0 Microspheres, magnetic-synthesized as drug carriers, 
effect of stabilization and heat on drug release in uitro Carriers, 
drug-magnetic microspheres synthesized, effect of stabilization and 
heat on drug release in uitro 0 Delivery, drug-magnetic microspheres 
synthesized as drug carriers, effect of stabilization and heat on drug re- 
lease in oitro 


Several types of carriers intended to modify the systemic 
distribution of soluble chemotherapeutic agents recently 
were proposed as possible drug vehicles. Kramer (1) en- 
trapped daunorubicin hydrochloride and mercaptopurine 
in human serum albumin microspheres and suggested their 
use in uiuo. The in uiuo distribution of dactinomycin and 
a variety of other agents was modified by entrapping them 
into liposomes (2,3). 


The in uiuo distribution of a carrier may be influenced 
mechanically by varying its size, as with albumin micro- 
spheres (4,5), or chemically by altering its surface charge, 
as with liposomes (6, 7). In addition, the attachment of 
antibodies to the carrier surface was suggested as a 
mechanism for targeting to specific cell surface antigens 
(€49). However, intravascular administration of any such 
carriers, modified or not, results in their undesired accu- 
mulation by the reticuloendothelial system (10, 11). A 
mechanism for selectively restricting the carrier and, 
hence, the drug to a desired body site with minimal inter- 
ference of the reticuloendothelial system is highly desir- 
able. 


This report describes the preparation and character- 
ization of a novel delivery system for water-soluble drugs. 
It consists of albumin microspheres (average of 1 pm in 
diameter) containing ultrafine magnetic particles, mag- 
netite (ferrosoferric oxide), and a prototype drug, doxo- 
rubicin hydrochloride. Magnetic microspheres injected 
intravascularly can be localized to a desired target site in 
uiuo by an externally applied magnetic field of appropriate 
strength (12). Moreover, the intra-arterial injection of 
carrier-delivered doxorubicin resulted in the same target 
site concentrations as a 100-fold higher dose of free doxo- 
rubicin administered intravenously. 


This site-specific delivery of chemotherapeutic agents 
allows for maximum concentration of an agent at  a desired 
body site, thus permitting the use of much smaller doses 
than are normally required with generalized systemic ad- 
ministration. Such smaller doses would also result in de- 
creased toxicity of the administered agent. 


EXPERIMENTAL 


Preparation of Microspheres-A modified emulsion polymerization 
method, similar to that developed by Scheffel et  al. (13), was used to 
prepare the microspheres. Stabilization of the albumin matrix of the 
microspheres was accomplished by either heat denaturation a t  various 
temperatures or cross linking with carbonyl compounds in an ether phase 
reaction. 


Heat-Stabilized Microspheres-An aqueous solution was prepared 
containing, per milliliter, 250 mg of human serum albumin' (I), 0.02 ml 
of lZ5I-bovine serum albumin2 (II), 32 mg of bulk purified doxorubicin 
hydrochloride3 (1111, and 72 mg of magnetite4 (IV) particles 10-20 nm 
in diameter. A 0.5-ml aliquot of this suspension was added to 30 ml of . 
cottonseed oil6 and the resultant emulsion was homogenized by sonica- 
tion6 (100 w) for 1 min at 4'. The homogenate was then added dropwise 
into 100 ml of stirred (1600 rpm) cottonseed oil preheated to a desired 
temperature (1 10- 165'). 


The duration of heating (10 min) was held constant regardless of the 
temperature selected. After 10 min, the oil was allowed to cool to 2.5' with 
constant stirring. The microspheres were washed free of oil by adding 
60 ml of anhydrous ether7, centrifugings for 15 min at 2000Xg, and de- 
canting the supernate. After the fourth wash, the pellet of microspheres 
was allowed to air dry in the dark for 24 hr a t  4'. The resultant micro- 
spheres were lyophilizedg to remove any remaining water and stored at 
4' until they were used. 


Carbonyl-Stabilized Microspheres-An oil homogenate of I-IV was 
prepared as described. The homogenate was added dropwise into 100 ml 
of constantly stirred (1600 rpm) cottonseed oil a t  25'. After 10 rnin of 
stirring, the microspheres were washed free of oil with ether. The mi- 
crospheres were then resuspended in ether (40 mg of microspheres/100 
ml of ether) containing either 0.2 M 2,3-butanedione1° or 0.1 M formal- 
dehyde" as the cross-linking agent. 


The suspension was stirred rapidly for either 15 or 60 min. Excess 
carbonyl reagent was removed by immediately adding 100 ml of ether, 
pelleting the microspheres by centrifuging a t  2000Xg for 10 min, and 
decanting the supernate. The microspheres were washed four times in 
this manner and subsequently lyophilized and stored a t  4'. 


Analysis of Microspheres-Aliquots of the lyophilized microspheres 
suspended in ether were taken, and the size of the microspheres in each 
aliquot was determined by scanning electron microscopy. 


The stability of 111 released from an aqueous suspension of both types 
of microspheres (1 mg/ml) was determined by TLC on 5 X 20-cm pre- 
coated silica gel 6012 plates, using chloroform-methanol-acetic acid-water 
(602014:6). The R/ values of I11 and its aglycone breakdown products 
were obtained by visualizing the native fluorescence of the drugs with 
a shortwave UV lamp13. The experimental Rf  value was then compared 
to a reference Rf value of stock 111. 


The percent starting parent compound remaining intact after release 
from the microspheres was determined quantitatively by scraping the 
appropriate areas of the chromatographic plates and eluting the com- 
pounds from the silica with 5% HCI in ethanol for 12 hr a t  4'. The con- 


1 Sigma Chemical. 
2 Specific activity of 1.51 mCi/mg, 1.42 mCi/ml, New England Nuclear. 
3 Adriamycin, Adria Laboratories. 


Ferrosoferric oxide (FesOl) in aqueous suspension, Ferrofluidics Corp. 
Sargent-Welch. 
Branson sonifier model 185. 
Mallinckrodt Chemicals. 


8 Sorval model RC2-B. 
9 Model 10-010, Virtis Co. 


lo Aldrich Chemical Co. 
'I  Scientific Products. The 2,3-butanedione is soluble in ether; however, form- 


aldehyde must be extracted into the ether phase. This extraction was accomplished 
by the vigorous shaking for 10 min of a 1 5  solution of 37% aqueous formalde- 
hvde-ether with the addition of a saturating amount of ammonium sulfate. 


- 1 2  EM Laboratories. 
13 Model UVS-12, Ultraviolet Products. 
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Figure I-Sequential time sequence photographs of magnetically re- 
sponsive drug-bearing microspheres in aqueous suspension after 
horseshoe magnet is applied. Progressive alignment of microspheres 
(negative contrast) along magnetic field lines is evident. Elapsed time 
between photographs 1 and 4 is approximately 2 see. 


centration of I11 and the pooled group of aglycone hreakdown products 
was determined by ~pectrophotofluorometry~~. 


The magnetite contained within the microspheres was determined 
quantitatively by hydrolyzing an aliquot of the microspheres in con- 
centrated nitric acid and assaying the resultant hydrolysate for iron by 
atomic absorption spectroscopy15. Transmission electron microscopy 
of the microspheres was utilized to assess incorporation of magnetite into 
the albumin matrix and was described in detail elsewhere (14). 


The efficiency of I11 incorporation was checked by extraction of the 
drug as follows. A I-mg portion of the drug-containing carrier was incu- 
bated in 5 ml of 5% HCI in ethanol for 24 hr a t  4". The suspension of mi- 
crospheres was then centrifuged for 10 min a t  2000Xg, and the I11 content 
was determined by spectrophotofluorometric analysis of the supernate 
as described. Extraction of the drug from the microspheres by this 
method was essentially complete since suhsequent incubation of the 
microspheres for 24 hr a t  25" in both saline and acid alcohol failed to show 
detectable I11 in the supernates. 


The structural integrity of the albumin matrix of the microspheres 
before and after cross linking or heat denaturation was determined by 
the following procedure. The microspheres were suspended (0.5 mg/ml) 
in 0.154 N NaCl with 0.1% polysorbate 8016 (V) and sonicated for 5 min 
in an ultrasonic water hath17. The sonicated suspensions were allowed 
to incubate a t  37" for either 24 or 48 hr. After incubation, an aliquot of 
the suspension was centrifuged far 10 min a t  2000Xg to remove micro- 
spheres not totally disrupted. The resulting supernate was removed and 
treated with 2416 aqueous trichloroacetic acid for 2 hr to precipitate free 
albumin and then centrifuged a t  2000Xg for 10 min. 


The trichloroacetic acid-soluble supernate represents iodine-125 not 


14 American Instrument Co. model SPF-1255 (excitation = 470 nm, and emission 


15 Iron analysis performed hy Scientific Control Labs, Chicago, 111. 
16lween 80 (Sigma Chemical Co.) in 0.154 N NaCL. 


= 585 nm); level of detectability was 1 X M 111. 


Model M.E. 2.1, Mettler Electronics Corp. 


500 
MINUTES Lu 


Figure 2-Release of 111 from 0. I M formaldehyde-stabilized micro- 
spheres in saline-polysorbate 80 at 37". Key: ., cross linked 15 rnin; and 
D. cross linked 60 min. 


associated with albumin, whereas the trichloroacetic acid-precipitable 
pellet represents '*5I-albumin released from the albumin matrix. The 
deterioration of the microsphere matrix was then determined from the 
trichloroacetic acid-precipitahle 1251-albumin countsI8 and expressed 
as a percentage of the initial counts of 1251-albumin associated with the 
microspheres prior to suspension and sonication. 


Drug Release-The drug release rate from the microspheres in uitro 
was determined as follows. An 8-mg portion of microspheres (1 mg/ml) 
suspended in V was sonicated for 2 min in the ultrasonic water bath to 
produce a homogeneous suspension of microspheres. The magnetically 
responsive microspheres were pulled to one side of the vessel using a 
horseshoe magnetlY. The supernate, containing drug released from the 
microspheres during sonication, was removed. Microspheres were then 
rapidly resuspended in 8 ml of V and gently hand agitated for 10 sec. 


The reaction vessels were then placed in a water bath at 37O and cov- 
ered to protect I11 from light. At appropriate time intervals, micro- 
sphere-free supernate samples were obtained by magnetically drawing 
the microspheres to the side of the vessel and removing a 1-ml aliquot 
of the supernate. The amount of drug released over time was determined 
spectrophotofluorometrically as described. 


RESULTS AND DISCUSSION 


A relatively homogeneous population of microspheres is produced by 
the methods described with microspheres ranging from 0.2 to 1.5 Fm and 
having an average diameter of 1 pn. The magnetic responsiveness of the 
drug carrier is shown in Fig. 1 where the sequential alignment of the 
microspheres along magnetic field lines and also around the poles of the 
magnet is evident. Details of their magnetic responsiveness under flow 
conditions corresponding to the human circulation were reported else- 
where (14,19. 


Doxorubicin was relatively stable to temperatures used in the prepa- 
ration of heat-stabilized microspheres as determined by TLC, with only 
a moderate increase in aglycone breakdown products. Control starting 
I11 (nonheated) consisted of 97% pharmacologically active drug and 3% 
aglycones. The aglycones are pharmacologically inactive (16). Compounds 
released from microspheres prepared a t  135-145" for 10 min consisted 
of 74% pharmacologically active I11 (identical Rf as starting 111) with the 
remaining 2696, consisting of aglycones. 


Carhonyl-stabilized microspheres showed no increase in aglycone 
formation when compared to control 111. Under the conditions employed, 
the carbonyl agents did not appear to react with the free amine of the 
released 111 as evidenced by TLC. The in vitro biological activity of I11 
released from heat-stahilized microspheres will be described in detail 
elsewhere20; both starting and released 111 can identically and stoichio- 
metrically inhibit "-uridine uptake by rat fibrosarcoma cells. 


Despite the fact that microspheres prepared a t  25" retain their mor- 
phology in ether, they require some form of stabilization if they are to 
be transferred to an aqueous solvent. In fact, structural integrity of the 
microspheres as judged by sonication was directly related to stabilizing 
treatment. When microspheres were prepared a t  2 5 O  with no stabilizing 
treatment, there was 16% deterioration after 24 hr of incubation a t  37" 
and 37% deterioration after 48 hr as determined by 1"I-alhumin disas- 
sociated from the microspheres. In contrast, 53% deterioration of the 
microspheres was detected after 24 and 48 hr when microspheres were 


18 12bII-Activity was determined in a Packard model 578 well-type y-counter. 


20 Paper in preparation. 
Edmund Scientific No. 70,572. 
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MINUTES 
Figure 3-Release of III from 0.2 M 2,3-butanedione-stabilized mi- 
crospheres in saline-polysorbate 80 at 37'. Key: a, cross linked 15 min; 
and O ,  cross linked 60 min. 


cross linked for 15 minor longer with either 2,3-butanedione or formal- 
dehyde. Heat treatment above 100' had a similar effect. 


By varying the amount of magnetite added to the starting solution, the 
percent magnetite dry weight composition of the microspheres could 
readily be controlled. The magnetite content has important implications 
with respect to the magnetic responsiveness of the carrier. Though in- 
creasing the magnetite content would confer greater magnetic respon- 
siveness to the microsphere and thus permit the use of smaller extra- 
corporeal fields, i t  would decrease the available drug space in the mi- 
crosphere, thus requiring larger dosages of carrier to deliver equivalent 
drug concentrations. Depending on the type of drug and the desired target 
site, the optimum magnetite content would range between 20 and 50% 
magnetite by dry weight of the drug-carrier complex (14,15). 


After preparation of the carrier, essentially all of the starting I11 was 
associated with the resultant microspheres as judged by extraction with 
acid alcohol. Regardless of the method of preparation, of the 90 pg of I11 
associated with 1 mg of carrier, approximately 40% (36 pg) was liberated 
rapidly on sonication in an aqueous solvent. The rate of 111 release from 
heat-stabilized and carbonyl-stabilized microspheres is shown in Figs. 
2-5. As expected, increased stabilization of the microspheres, either by 
longer cross-linking treatment or by increased temperature, decreased 
the release rate of 111. The generated release curves are comparable to 
those presented by Scheu et al. (17) for coacervate-produced micro- 
spheres. 


Detailed kinetic studies were not warranted in this study since a sig- 
nificant amount of drug was still associated with the carrier at t = 5 min 
in both heat- and carbonyl-stabilized preparations. This time period 
represents a realistic interval for carrier injection and in vivo transit time 
to the desired target site. Furthermore, in vivo extrapolation from in vitro 
data is not readily feasible because of a number of complex blood flow 
variables. However, data from Fig. 5, where microspheres were incubated 
in human serum, reveal an inhibited release of I11 compared to Fig. 4, in 
which the release medium was V. This result suggests that in vivo release 
times would correspond more closely to Fig. 5 than Fig. 4. Experimental 
work is in progress to evaluate the biological fate of the magnetite in vivo 
after carrier administration. Preliminary acute (7 days) and chronic (90 
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Figure 4-Release of I l l  in saiine-polysorbate 80 at 37' from heat- 
stabilized (10 min) microspheres prepared at various temperatures. Key: 
a, 25'; A, 115-127'; 0,125-135'; and a, 135-145'. 
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MINUTES 
Figure 5-Release of I I I  in human serum at 37' from heat-stabilized 
(10 min) microspheres prepared at various temperatures. Key: .,25'; 
A ,  115-127'; and 0,135-145'. 


days) toxicity studies in BDFl mice showed minimal adverse effects 
(12). 


The described low temperature conditions employing either carbonyl 
reagents or no deliberate denaturing step at all should permit encapsu- 
lation of many temperature-sensitive drugs that formerly could not be 
incorporated into solid albumin microspheres. Several theoretical ex- 
planations may be offered for the formation of stable microspheres 
without "overt" denaturation of the albumin. One that seems likely is 
that albumin molecules, aligning .on the oil-water interface, undergo a 
change in conformation such that hydrophobic regions of the molecules 
are preferentially exposed externally to the oil. Thus, a hydrophobic 
"crust" or mantle is formed that is not reversible for a period of time, 
which permits microspheres to maintain their morphology for a limited 
time when transferred to an aqueous environment. 


Using model phospholipid interfaces, Kimelberg (18) described con- 
formational changes of proteins aligning a t  such interfaces. What has not 
been reported to date is that  nonstabilized microspheres are durable 
enough to maintain rnorphologic integrity in aqueous suspension for a 
sufficient time to permit their use as either therapeutic vehicles or sub- 
strates for subsequent denaturation by low temperature methods. The 
nonaqueous carbonyl reagent method of stabilizing the albumin matrix, 
in addition to maintaining the spherical morphology of the carrier gen- 
erated in the oil emulsion, appears to slow the diffusion of I11 from the 
carrier. 


The use of microspheres or any drug-macromolecular complex as ve- 
hicles for targeting chemotherapeutic agents rests solely on the ability 
of the carrier to achieve either cell or area specificity. Efforts a t  cell- 
specific targeting of cancer chemotherapeutic agents are mainly focused 
on exploitation of biochemical differences between cells (19, 20). Un- 
fortunately, target cell specificity has not been achieved in most cases, 
as evidenced by the numerous side effects apparent with generalized 
systemic drug administration. 


Area-specific drug delivery using a carrier may be of value not only in 
greatly decreasing unwanted systemic distribution of drugs but also in 
eradicating localized disease states. Magnetic microspheres offer a new 
modality for drug delivery. The narrow and relatively uniform size range 
of these microspheres makes them ideal for small vessel passage, thus 
permitting uniform saturation of target capillary beds. With the ability 
to control the rate of drug release from the carrier and the ability to  lo- 
calize both carrier and drug in vivo to a desired site, a different modality 
of drug delivery may be readily explored. 
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Abstract Eleven n-alkoxyacetic acids and their methyl esters, in which 
the alkyl group was CI-Cg, C11, or Cia, were tested against Aspergillus 
niger, Trichoderma uiride, and Myrothecium uerrucaria in Sabouraud 
dextrose agar at  pH 4.0 and 5.6. Toxicity to Candida albicans, Tricho- 
phyton mentagrophytes, and Mucor mucedo was determined in the same 
medium at pH 5.6 and 7.0 in the absence and presence of 10% beef serum. 
The fungitoxicity of the acids was influenced by chain length, pH of the 
medium, and absence or presence of adsorbents. The toxicity of the esters 
was influenced primarily by chain length and to a lesser extent by the 
medium pH and the presence of beef serum. The order of activity of the 
n-alkoxyacetic acids was according to the number of linear atoms in the 
chain: 11 > 12 > 10 > 9 > 8 > 7 > 6 > 14 > 16. T .  mentagrophytes was 
the organism most strongly affected by these compounds, with the esters 
being slightly more active than the acids. Compared to other fatty acid 
analogs, the order of fungitoxicity, on a weight basis, was 2-alkynoic acids 
> 2-alkenoic acids > alkanoic acids > 2-bromoalkanoic acids > 2-fluo- 
roalkanoic acids > n-alkoxyacetic acids. 


Keyphrases 0 n-Alkoxyacetic acids and methyl esters-antifungal 
activity evaluated in uitro, effect of chain length, pH, and adsorbents 0 
Antifungal activity-n -alkoxyacetic acids and methyl esters evaluated 
in uitro, effect of chain length, pH, and adsorbents 0 Structure-activity 
relationships-n-alkoxyacetic acids and methyl esters, antifungal activity 
evaluated in uitro 


As part of a search for fungitoxic agents, the struc- 
ture-activity relationships of fatty acids were studied 
(1-6). In addition, compounds were evaluated for potential 
use against opportunistic fungi, which are frequent in- 
vaders of immunosuppressed and debilitated patients 
(4-10). Such fungi include species of Candida, Aspergillus, 
Mucor, and Cryptococcus (1 1). 


BACKGROUND 


Fatty acids possess significant antifungal activity. For systemic use, 
in spite of their low toxicities, they have heen ineffective, possibly because 
they are metabolized readily by the host through the usual fatty acid 
pathways. The fungitoxicity of 2-fluoro fatty acids paralleled tha! of the 
nonfluorinated fatty acids (1). Since it is believed that 2-fluoro fatty acids 
do not undergo @-oxidation (12), they possess a t  least one potential ad- 
vantage over the nonfluorinated fatty acids for systemic antifungal ac- 
tivity. 


Another approach for preparing fatty acids that do not undergo B- 


oxidation is to replace the 0-methylene group with an oxygen (13). In the 
structure ROCH&OOH, the C-0-C angle is 11 1' and the corresponding 
C-C-C angle is 112'. The C-0 bond length is 1.43 A, and the length of 
the C-C bond is 1.54 A. Replacement of the CH2 group by 0 would not 
greatly alter the steric configuration of the analog, and it would not he 
&oxidizable because of the lack of &hydrogens. 


The major factors influencing the fungitoxicity of fatty acids and de- 
rivatives are the partition coefficient and the absence or presence of ad- 
sorbents such as albumin in the growth medium. Chain le.ngth, pKa of 
the acid, and pH of the medium are among the factors determining the 
partition coefficient of the test compound (6). The deactivating effect 
of the adsorbent can be explained as being due to hydrogen bonding 
(5). 


No systematic antimicrobial studies with 3-oxa acids or esters have 
been reported. 11-Fluoroundecyloxyacetic acid and several other 3-oxa 
acids inhibited Mycohacterium tuberculosis in uitro a t  50 pg/ml (14). 


The present study was concerned with the preparation of the 
straight-chain 3-alkoxyacetic acids and their methyl esters in which the 
alkyl groups included 1-9,11, or 13 carbon atoms. Methoxy- and ethox- 
yacetic acids were purchased'. The following acids were prepared by 
published methods: n-propyloxyacetic acid, n-butyloxyacetic acid, n -  
pentyloxyacetic acid, n-hexyloxyacetic acid, n-heptyloxyacetic acid, 
n-octyloxyacetic acid (15), n-undecyloxyacetic acid, and n -tridecylox- 
yacetic acid (13). 


The following methyl esters were also previously reported: methyl 
methoxyacetate, methyl ethoxyacetate, methyl n -propyloxyacetate (16), 
methyl n-butyloxyacetate (17), and methyl n-octyloxyacetate (18). n- 
Nonyloxyacetic acid was prepared by condensing n-nonyl alcohol with 
chloroacetic acid by means of sodium in toluene, and the previously un- 
known methyl esters were obtained from the acids by heating with methyl 
alcohol in the presence of a catalytic quantity of thionyl chloride. 


The data characterizing the new compounds are in Table I. The purity 
of all compounds was verified by GLC. 


The fungi used were Aspergillus niger (ATCC 1004). Trichoderma 
uiride (ATCC 8678), Myrothecium uerrucaria (ATCC 9095C), Candida 
albicans (ATCC 10231), Trichophyton mentagrophytes (ATCC 9129). 
and Mucor mucedo (ATCC 7941). 


The compounds were screened against A.  niger, T .  uiride, and M .  
uerrucaria in Sabouraud dextrose agar2 a t  pH 4.0 and 5.6 according to 
published methods (1). Graded levels of test compound dissolved in di- 
methyl sulfoxide were incorporated into the growth medium, which was 
then inoculated with the respective fungus. The inoculum consisted of 


I Eaatman Kodak Co., Rochester, N.Y. 
2 Difco, Detroit, Mich. 
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Table V-Bismuth Subsalicylate Antidiarrheal Mixture Effect 
on Tetracycline Product  Variability 


Parameter 
Range SD, % 


A R A B  


Peak serum level, pg/ml 0.69-2.29 1.79-2.52 24.4 9.34 
Peak time, hr 2.50-4.0 2.50-5.0 18.9 37.6 
A U C  through 24 hr, pg/ml X hr 7.13-27.9 21.1-30.5 28.9 11.0 
Urinary recovery through 72 hr, 42.2-173 108-216 32.8 18.8 


mg 
Half-life, hr 7.09-10.8 7.58-11.8 11.4 15.1 
Renal clearance. ml/min 53.3-151 25.8-126 29.7 27.3 


suggested that the antidiarrheal influence on antibiotic absorption is dose 
dependent. 


In the present study, 60 ml of a bismuth subsalicylate antidiarrheal 
product was administered concomitantly with a 250-mg tetracycline 
hydrochloride capsule. Since the “active” bismuth subsalicylate con- 
centration was not given on the package, molar comparisons of “active” 
bismuth subsalicylate antidiarrheal to “active” kaolin-pectin products 
were impossible. Nonetheless, the 34% decrease in relative tetracycline 
bioavailability was consistent with the kaolin-pectin with tetracycline 
data and indicated that similar drug interactions are likely with any 
antidiarrheal whose mechanism of action is adsorptive. 
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Abstract  0 A liquid chromatographic assay for the characterization of 
heparin sodium USP and heparin sterile solutions was developed. The 
method employs size exclusion chromatography and computer-based 
data collection and manipulation. An examination of commercially 
available heparin showed only minor differences between the heparins 
extracted from beef lung and porcine intestinal mucosa. The molecular 
weight averages of the material and its sterile solutions were 9000-12,000 
daltons. A correlation was observed between average molecular weight 
and anticoagulant activity for the heparin sodium samples examined. 


Keyphrases Heparin sodium-molecular weight determination of 
commercial products and sterile solutions using liquid chromatography 


Molecular weight determination-commercial heparin sodium USP 
and its sterile solutions, liquid chromatography Liquid chromatogra- 
phy-molecular weight determination of commercial heparin sodium 
USP and its sterile solutions Anticoagulants-heparin sodium, mo- 
lecular weight determination, liquid chromatography 


Several methods for the molecular weight fractionation 
of heparin sodium have been reported (1-3), gel filtration 
being most commonly used (4). In most cases, analysis 
requires several hours per sample and complicated de- 
tection procedures. Recently, a fast and reliable method 
was developed (5,6) using high-performance liquid chro- 
matography (HPLC) with refractive index detection for 
the determination of molecular weight averages of heparin 
sodium USP and injectable heparin sodium solutions 
(6). 


The literature contains conflicting reports regarding the 
relationship of molecular weight and anticoagulant activity 
(7-9). There are also significant differences in the reported 
molecular weights of commercially available heparin (5, 
6,lO). This paper presents the results of an examination 
of sterile injectable heparin sodium from commercial 
sources. The liquid chromatographic method recently 
developed (5) was modified and used to  determine if any 
relationship exists between molecular weight and antico- 
agulant activity. 


EXPERIMENTAL 


A liquid chromatograph’ was equipped with a refractive index detector 
and a syringe loop injector. A minicomputer* was used to monitor the 
refractive index detector signals and to run the molecular weight calcu- 
lation programs. The detector-computer interface is shown in Fig. 1. 


Chromatographic Conditions-Two sets of columns were used. The 
hand-packed set was used initially to compare molecular weight fractions 
for their relationship to anticoagulant activity. Commercially available 
columns were used for the comparative study on heparin sterile solu- 
tions. 


A set of three columns was tap packed with various pore sizes of 5- 
10-pm glycophase-controlled porous glass. These columns were packed 


1 Waters Associates model ALC/GPC 244 equipped with a RI (R-404) and a U6K 


2 PDP-11/40, Digital Equipment Co.; the interfacing was developed in-house. 
injector. 
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Figure 1-Interface of refractiue index detector t o  the minicomputer 
system. UDC = universal digital controller. ADC = analog t o  digital 
conuerter. 


by adding very small quantities (25-30 mg) of material and tapping the 
column 50-100 times. This procedure was repeated until the column 
appeared full. The column was then pressurized at 3500 psi, and any void 
observed was repacked. This procedure was repeated until no void was 
observed after pressurizing. 


This column set consisted of three different lengths of 2.3-mm i.d. 
tubing packed as follows: lOcm of 40-A pore size, 25 cm of 100-A pore size, 
and 60 cm of 250-A pore size. The mobile phase used was 0.1 M sodium 
acetate (0.01% in sodium azide to inhibit bacterial growth) in double- 
distilled water at a flow of 0.1 mllmin (2500 psi). 


All columns were calibrated using heparin sodium samples" of varied 
molecular weights. Retention times of these standards were plotted 
against molecular weight(s). 


Efficient molecular sizing columns that can be used for molecular 
weight determinations are commercially available. These columns4 
consisted of 30-cm X 3.9-mrn i.d. stainless steel tubing packed with mi- 
croparticles (10 pm) of a fully porous silica-ether [Si(RO),CH& 


After examination of various combinations of the available columns, 


I 
6 7 8 9 10 11 12 


RETENTION TIME, min 


m u r e  2-Chromatogram of standard samples. Key: A, heparin of 5500 
daltons (weight auerage); B, heparin of 12,100 daltons (weight auerage); 
C, injection artifact; and D. methanol. Full scale was 1.92 X ZO-4 re- 
fractiue index unit. 


These standards (14K, 12K, 8K, and 5.5K) were obtained from J. A. Cifo- 


' pBondagel, Waters Associates, Milford, MA 01757. 
nelli. 


Table I-Calibration Results for Commercial Columns 


Relative Retention Time@ Molecular Weight, 
(Heparin-Methanol) daltons X LO00 


0.627 
0.636 
0.645 
0.652 
0.662 
0.682 
0.709 


14.0 
12.9 
12.1 
11.1 
9.8 
8.0 
5.5 


Slope = -104.1, intercept = 79.8, correlation coefficient = 0.997, and estimated 
standard deviation of the line = 0.231. 


a set consisting of one column of 125-A pore size acking and two columns 
that were a blend of 125-, 300-, 500-, and 1000-x pore size packing gave 
adequate resolution, reproducible measurements, and fast analyses 
(about 12 minhample). A chromatogram showing the typical resolution 
obtained i s  shown in Fig. 2. This figure also shows the peaks due to 
methanol and an injection artifact resulting from changes in the refractive 
index due to inorganic salts (5, 6). Methanol (eluting at the total per- 
meation volume) was used as an internal standard. 


The columns were calibrated using seven samples of heparin sodium 
of known molecular weight. Three of these samples (14K, 8.OK, and 5.5K) 
were characterized previously using ultracentrifugation. The remaining 
samples were fractions collected on the original hand-packed columns, 
and their average molecular weights were determined on these columns 
(calibrated using four standards). The calibration was performed by a 
linear least-squares analysis on the relative retention time of heparin 
(relative to methanol) uersus the weight average molecular weight. A 
well-characterized sample of sodium heparin was run with each set of 
analyses to monitor the performance of the columns and to correct the 
data for the comparative study (eliminate column and preparation 
variations). 


Samples and Analysis-The samples consisted of commercially 
available material5. The powdered heparin sodium was dissolved (-12 
mg/ml) in mobile phase containing 4% by volume methanol. Approxi- 
mately 9 pl of this solution was injected. All sterile solutions were diluted 
accurately to a final concentration of 1000 USP units/ml by adding an 
appropriate amount of the mobile phase-methanol solution. 


Molecular Weight Calculations-Molecular weight averages were 
calculated by literature methods (5,11) using a FORTRAN program. The 
data were collected on-line by the system depicted in Fig. 1. The programs 
to collect the data and to perform the calculations were developed for this 
project to save time and calculation errors. 


Anticoagulant Activity Determination-The samples were tested 
for potency (anticoagulant activity) using the USP assay (12). 


RESULTS AND DISCUSSION 


The results of a typical calibration are shown in Table I. Statistical 
treatment showed that molecular weight averages could be determined 
accurately to about f500 daltons (SD)  when the columns were calibrated 
properly. Figure 3 shows chromatograms of beef lung and intestinal 
porcine mucosal heparin. The chromatograms also indicate a difference 
that was noted previously (5): beef lung heparin sodium gave a fairly 


- 
n I  


6 7 8 9 10 11 12 
RETENTION TIME, min 


Figure 3-Chromatograms of beef lung (-1 and porcine intestinal 
mucosal (---) sodium heparin. Full scale was 0.48 X 20-4  refractiue 
index unit. 


6 The Upjohn Co., Riker Laboratories, Abbott Laboratories, Organon, Inolex, 
ASRY-Medical, and Pasadena Research Laboratories. 
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Table 11-Comparison between Molecular Weight and Potency 
of HeDarin Sodium Fractions 


Table IV-Molecular Weight of Commercial Heparin Sterile 
Solutions (1000 USP units/ml) 


Molecular Weight, weight Anticoagulant Activity, 
Fraction average in daltons USP units/mg 


Molecular Weight, daltons 
weight  
Average High Low 


13,800 
12,900 
12,100 


167 
157 
155 


A-1 Mucosal 
A-2 Mucosal 
A-3 Mucosal 
A-4 Mucosal 
x-1 Mucosal 
x-2  Mucosal 
Y Mucosal 
D-1 Mucosal 
D-2 Beeflung 
W Beef lung 
u-1 Beef lung 
u-2 Beef lung 


10,400 15,400 2000 
10,500 16,200 2500 
10,100 16.800 2500 11.100 145 


5 9;SOO 124 


7 8,000 76 
8 7,500 50 


6 9,100 100 
10,400 15i900 2400 
10,900 16,100 2400 
11,200 16,600 3500 
10,600 16,600 2400 
10,900 17,300 4400 
10,800 17,600 1700 
10,600 16,900 1500 
10,500 16,300 3700 
10.200 16.200 2900 


Table 111-Data on Heparin Sodium USP Grade Relation of 
Molecular Weight to  Potency 


Molecular Weight, Anticoagulant Activityb, 
daltons Origina USP units/mg a Samples with the same letter designation are from the same commercial 


source. 


11,900 
11,600 
11,OOO 
10.800 


B 
B 
M 


B, M 
B. M 


169 
174 


155- 157 
157-159 


Table V-Molecular Weight Comparison to Potency by Liquid 
Chromatography and Spectroscopy 


l0;600 
10,400 
10,200 
9,900 
9,600 


149- 150 
135-145 


Molecular Weight, daltons Anticoagulant Activity, 
Sample HPLC Spectroscopica USP units/mg B - 


B 
B 
B 


~ . .  ~~. 


141-143 
133-140 
123-128 


cx-1 9,600 6,300 
DF 10,000 7,600 cx-2 
Averaee %% w 


123 
136 
174 - ' B = beef lung, and M = porcine intestinal mucosa. The ranges were obtained 


from two to four samples for each range. 
(I Results obtained by Chromatrix, Sunnyvale, Calif., using a low-angle laser 


light-scattering technique. symmetrical peak about the maxima whereas most porcine intestinal 
mucosal heparin gave a peak that was skewed toward low molecular 
weights. 


Eight heparin fractions were collected using the hand-packed columns. 
When enough of each fraction had been collected, the heparin sodium 
was precipitated out of the mobile phase by adding methanol. In all cases, 
the heparin sodium precipitated at approximately a 1:2 ratio of methanol 
to mobile phase. After centrifuging and drying, the fractions were char- 
acterized accurately. The molecular weight was determined by the HPLC 
method, and the anticoagulant activities were determined by the USP 
method (Table I1 and Fig. 4). 


These results show that there was a relationship between molecular 
weight and anticoagulant activity; however, this relationship was linear 
only over a narrow range of molecular weights (8000-12,000 daltons). 
Johnson and Mulloy (lo), using intrinsic viscosity to measure molecular 
weight, observed this same relationship. In addition, they noted that the 


anticoagulant activity decreased for molecular weights above 20,000 
daltons. 


The molecular weight and anticoagulant activity were determined on 
32 different lots6 of heparin sodium USP (24 of beef lung origin and eight 
of porcine intestinal mucosal origin). The results (Table 111) show that 
the relationship observed for the heparin fractions also held true for the 
samples of commercial grade heparin. A linear regression analysis showed 
good correlation (0.93) and an estimated error of about 9 USP units (2 
SD) for the anticoagulant activity. Although there was considerable 
overlap, these results indicate that one can expect differences in antico- 
agulants when the molecular weights differ by 1000 daltons or more. 


In contrast to previously reported results (6), these results (Table 111) 
show that beef lung heparin cannot be distinguished from porcine mu- 
cosal heparin on the basis of molecular weight analyses. 


Twelve lots of sterile solution from the different manufacturers were 
analyzed by the HPLC method on the commercial columns. The results 
(Table IV) show a molecular weight range from 11,200 to 10,100 daltons. 
As noted previously (51, some lots of beef lung heparin had a distribution 
that was wider than porcine intestinal mucosal heparin (e.g., compare 
Sample D-1 to D-2). 


Sugisaka and Petracek recently (6) stated that porcine mucosal heparin 
has an average molecular weight somewhere between 21,000 and 24,000 
daltons and that beef lung heparin has an average molecular weight be- 
tween 16,000 and 19,OOO daltons. This study shows that there is very little 
difference between commercial heparin extracted from beef lung and 
porcine intestinal mucosa and that the average molecular weight is 
9000-12,000 daltons. The major difference between the results on the 
average molecular weight of sterile solutions is the calibration method. 
In this study, standardized heparin sodium was used to calibrate the 
liquid chromatographic column whereas Sugisaka and Petracek (6) used 
dextrans of various molecular weights. 


The difference observed is not unexpected since molecular size is the 
property responsible for the separation observed by HPLC. Differences 
in molecular shape can appear as differences in molecular weight in size 
exclusion chromatography. The higher results obtained when the columns 
are calibrated with dextrans (6) are to be expected if the dextran mole- 
cules are smaller than molecules of heparin of equivalent weight. Accurate 
calibration, therefore, requires that the standards have the same mo- 
lecular shape as the samples. 


To check the accuracy of these results, the molecular weights of three 
samples were determined using a low-angle laser light-scattering tech- 


6 Manufactured by Upjohn. Abbott, and Inolex. 
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nique. This technique requires no reference to external standards since 
the molecular weight is obtained from a simple linear extrapolation to 
zero concentration of the light-scattering data obtained at  a single angle 
from two or more solutions of different solute concentrations (13-16). 
The results (Table V) show that the HPLC molecular weight determi- 
nations were in fair agreement with those of the light-scattering tech- 
nique. The average of the three samples agreed within 100 daltons, al- 
though there was considerable sample-to-sample variation. Both the 
HPLC and spectroscopic results showed a good correlation between 
molecular weight and anticoagulant activity. 
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Abstract 0 A series of heterocyclic analogs of amphetamine was syn- 
thesized. The heterocycles employed included the 2-furyl, 2-thienyl, 
3-methyl-2-thieny1, 3-pyridyl, and 6-methyl-2-pyridyl rings. The ali- 
phatic amine group was converted to the N-methylthiourea, dithiocar- 
bamate, methanesulfonyl, trifluoromethanesulfonyl, and trifluoroacetyl 
functions since similar conversions of the j3-phenethylamine structure 
had shown blood pressure-lowering effects and some loss of behavioral 
effects. p-Chlorophenyl and I-naphthyl analogs were also converted to 
these derivatives. Behavioral and other biological effects, including an- 
tiarthritic, passive cutaneous anaphylactic, and antimicrobial, were ob- 
served. The 3-methyl-2-thienyl analog of amphetamine significantly 
increased papillary muscle contractile force without producing ar- 
rhythmias. 


Keyphrases 0 Amphetamine analogs-thioureas, dithiocarbamates, 
negatively substituted amides, synthesis, behavioral effects, antiarthritis 
effects, cutaneous anaphylaxis, antimicrobial effects, blood pressure, rats 


Structure-activity relationships-amphetamine analogs, thioureas, 
dithiocarbamates, negatively substituted amides, synthesis, behavioral 
and biological effects, rats Motor activity-effects of amphetamine 
analogs, rats 0 Antiarthritis agents-amphetamine analogs, rats 0 Blood 
pressure-effects of amphetamine analogs, rats 


Formation of negatively substituted amides on the ali- 
phatic nitrogen of amphetamine and related structures has 
produced compounds with blood pressure-lowering effects 
(1). This result occurred also with negatively substituted 
amides of the P-phenethylamine structure as well as di- 
thiocarbamate and thiourea derivatives (2,3). Conversion 
of the aliphatic nitrogen to a neutral or acidic function thus 
led to a depressor response from a basic structure having 
motor stimulant activity. Previously, inclusion of the al- 
kanesulfonamide group in the aromatic ring of phen- 


ethanolamines conferred either adrenergic stimulant or 
blocking activity (the latter generally appearing with an 
isopropyl or larger group on the aliphatic nitrogen) (4, 
5). 


DISCUSSION 
A number of dithiocarbamates of the j3-phenethylamine structure 


showed varying degrees of amphetamine-like behavioral effects (6). The 
presence of heterocyclic rings, in place of the phenyl, generally resulted 
in a loss of amphetamine behavioral effects. Diethyldithiocarbamate had 
previously been shown to deplete brain norepinephrine and to maintain 
the conditioned avoidance response of the rat (7). The dithiocarbamates 
of the heterocyclic ethylamines failed to alter this response (6). Antio- 
besity manifestations were observed in rats with some negatively sub- 
stituted amides, dithiocarbamates, and thioureas of the j3-phenethyl- 
amines and amphetamine derivatives. The possibility existed, therefore, 
of removing many or all of the behavioral attributes of the basic am- 
phetamine structure while retaining depressor and antiobesity effects 
by appropriate substitutions on the nitrogen and inclusion of heterocyclic 
rings. 


A series of heterocyclic analogs of amphetamine, including neutral or 
negatively substituted functions on the aliphatic nitrogen, was synthe- 
sized to determine if behavioral activity could be diminished and other 
useful effects retained. Corresponding derivatives of p-chloroamphe- 
tamine and the 1-naphthyl analog were prepared for similar observations. 
Negatively substituted amides prepared included the methanesulfon- 
amide, trifluoromethanesulfonamide, and trifluoroacetyl as well as di- 
thiocarbamates and methylthioureas. Both thioureas and dithiocar- 
bamates have shown inhibitory activity against dopamine-j3-hydroxylase 
(8,9), so these derivatives were expected to produce depressor effects. 


Previously, the furyl and thienyl analogs of amphetamine were ob- 
tained, and their motor effects were compared to those of amphetamine 
(10). Amphetamine and its thienyl analog were more active motor stim- 
ulants than the furyl analog, but both the heterocyclic analogs were less 
toxic than amphetamine. 
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Abstract 0 Stigmasterol, which differs from @-sibsterol by unsaturation 
a t  C22, was tested for antihypercholesterolemic activity under an ex- 
perimental protocol that  gave the results expected with @-sitosterol and 
cholestyramine. In terms of serum cholesterol, stigmasterol had a barely 
significant antihypercholesterolemic effect while exhibiting no obvious 
effect on the heart or liver. I t  was concluded that saturation of the side 
chain, at least at  C22, is important in conferring antihypercholesterolemic 
activity on a sterol. 


Keyphrases 0 @-Sitosterol-antihypercholesterolemic activity evalu- 
ated in chickens Stigmasterol-antihypercholesterolemic activity 
evaluated in chickens 0 Antihypercholesterolemic activity-j3-sitosterol 
and stigmasterol evaluated in chickens Structure-activity relation- 
ships-j3-sitosterol and stigmasterol evaluated for antihypercholester- 
olemic activity in chickens 


There is no conclusive evidence that lowering plasma 
cholesterol levels can either reverse or prevent certain 
cardiovascular diseases. Nevertheless, many antiath- 
erosclerotic studies have been performed with compounds 
that reduce plasma cholesterol. 


Currently, cholestyramine is the only antihypercho- 
lesterolemic agent that is relatively free of adverse reac- 
tions and reasonably effective in reducing plasma choles- 
terol levels in type I1 hyperlipemia (1-3). Unfortunately, 
it is not always effective (4); therefore, more toxic agents 
must often be employed. 


Niacin and clofibrate, the agents most widely used, have 
been generally considered effective in reducing cholesterol 
and triglyceride levels (5) .  Although their effect on blood 
triglyceride levels is pronounced, they produce only modest 
reductions in blood cholesterol levels (6). Both are asso- 
ciated with unpleasant or hazardous side effects. 


P-Sitosterol also lowers cholesterol levels in humans (1, 
7-11). Reductions in plasma cholesterol levels of the same 
order of magnitude as those with cholestyramine have been 
observed (7,12-14); however, the drug has little effect on 
plasma triglycerides (10). 8-Sitosterol is free of detectable 
toxicity, and there is no evidence that it accumulates in 
tissues (2,15,16). 


The value of these nontoxic agents in the treatment and 
prevention of such diseases as atherosclerosis, myocardial 
infarction, and stroke could be significant. Consequently, 
it was decided to study the structure-activity relationships 


of sterols related to cholesterol for their antihypercho- 
lesterolemic activity. The selection of the White Leghorn 
cockerel as the animal model was discussed previously (17), 
as was the use of GLC for sterol analysis (18). 


EXPERIMENTAL 


General-Day-old White Leghorn cockerels were fed ad  libitum for 
14 days. They were then weighed, banded, and randomly assigned to one 
of five groups: pretest group, sacrificed on the 1st day of the experiment; 
Group A, basic diet; and Groups B, C, and D, basic diet supplemented 
with 1% cholesterol, 1% cholesterol plus 1% test compound, and 1% test 
compound, respectively. Drinking water was always present. 


Serum cholesterol levels were determined (blood collected via the 
brachial vein) at least once during the 4-week experiment. On the final 
day of the experiment, the chicks were weighed and killed; the hearts and 
livers were weighed, photographed, and frozen until analyzed. Serum 
samples also were collected. 


Assays were performed by GLC with cholestane as an internal standard 
(18). Separation of j3-sitosterol. campesterol, and stigmasterol from 
cholesterol was accomplished on columns packed with 3% SE-30 or 3% 
OV-17 on 100-120-mesh Gas Chrom Q (18). Commercially available 
laboratory control samples were used routinely to ensure day-to-day 
reproducibility (18). 


Cholestyramine Experiment-In this experiment, the “test com- 
pound” was the anion-exchange resin cholestyramine. Only 35 chicks were 
employed (seven per group); otherwise, the details followed the general 
procedure described. 


@-Sitosterol Experiment-Day-old chicks (White Leghorn cockerels) 
were fed ad  libitum for 25 days. On Day 25, blood samples were collected 
from each chick in the four groups (1 1 chicks each) of weighed chicks. The 
chicks were then put on the special diets for 19 days; during this time, 
blood was collected every 4th day. On Day 19, they were killed. 


Stigmasterol Experiment-In this experiment, 44 chicks were used 
(nine per group, except the pretest group which consisted of eight). The 
experiment was terminated on Day 24, following the general proce- 
dure. 


RESULTS AND DISCUSSION 


The selection of agents for these experiments was based largely on the 
knowledge that @-sitosterol and cholestyramine are antihypercholes- 
terolemic agents. These agents were used as standards for comparison 
of relative activities. Since stigmasterol differs from @-sibsterol only by 
unsaturation at (222, the results of these experiments should allow the 
influence of that  function on antihypercholesterolemic activity to be 
determined. 


In all experiments, the chicks tolerated their diets well, as indicated 
by their healthy appearance and consistent weight gain (Table I). The 
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Table I-Summary of the  Antihypercholesterolemic Studies with Cholestyramine, Stigmasterol, and  8-Sitosterol 


Body Liver Heart 
Final Weight Final Cholesterol, Final Cholesterol, Serum 


Number in Weight, Gain, Weight, mg/100 g Weight, mg/100 g Cholesterol, 
Groupa Group R g g of lipid g of lipid mg/100 ml 


Cholestyramine 


A 7 399 f 17 296 f 18 13.37 f 0.79 4894 f 652 2.84 f 0.16 926 f 248 138 f 16b 
B 7 462 f 22 363 f 16 14.99 f 0.71 14852 f 1087' 3.12 f 0.13 2462 f 416 331 f 40' 
C 7 437 f 18 333 f 16 12.75 f 0.29 8368 f 487'nd 2.79 f 0.10 1938 f 411 114 f 5b*d 
D 7 457 f 17 352 f 17 13.64 f 0.91 7633 f 464' 2.96 f 0.11 1990 f 463 98 f 7d 


Stigmasterol 


A 9 511 f 25 366 f 20 12.74 f 0.73 7522 f 425 3.21 f 0.13 1232 f 145 122 f 6 
R 9 504 f 14 355 f 12 13.69 f 0.23b 11909 f 96ObtC 3.35 f 0.21 1656 f 282 538 f 76c 
c 9 515 f 17 373 f 14 13.48 f 0.55 10820 f 844' 3.52 f 0.15 1501 f 149 343 f 3 6 ' ~ ~  
D 9 535 f 17 395 f 16 13.85 f 0.61 6822 f 383c 3.25 f 0.13 1186 f 80 134 f 13d 


0-Sitosterol 


A 11 3 5 3 f  12 1 8 7 f 9  9.28 f 0.42: 6082 f 526b 1.94 f 0.13b 833 f 67 108 f 6b 
B 11 350 f 15 190 f 12 10.10 f 0.47 16231 f 726'f' 1.92 f 0.10; 1459 f 258e 349 f 24C,e 
C 11 401 f 11 2 1 9 f 9  11.60 f 0.6lb<' 8360 i 7 4 6 ' ~ ~  2.02 f 0.07 1257 f 184' 150 f gdse 
D 11 376 f 13 211 f 14 11.42 f 0.24"' 6560 f 908b-d 2.18 f 0.08b 767 f 88b*d 126 f 8 d ~ e  


0 Group mean values f SE. b Number in group is one less than stated value. Significant at the 95% confidence level when compared to Group A by analysis of variance. 
d Significant at the 95% confidence level when compared to Group B by analysis of variance. Number in group is two less than stated value. 


final mean weights and mean weight gains were not significantly different 
among the groups in any experiment. 


Serum collected from the chicks during the experiments showed a 
significant increase in the cholesterol level in Group B animals (Table 
1 and Figs. 1-3). Group C animals in the stigmasterol experiment, but not 
the others, also exhibited significantly elevated serum cholesterol levels, 
although the mean value was still significantly lower than that of Group 
€3 as in the other experiments. Neither of the test sterols was detected 
in any of the tissues studied. 


Macroscopic examination of the hearts revealed no apparent differ- 
ences among the four groups in any experiment. Differences in mean 
weights, percentage lipid, and mean cholesterol levels of the hearts were 
not significant, except in the p-sitosterol experiment where the Group 
D mean cholesterol level was significantly lower than that of Group B. 


The livers of all chicks in Croup B and in the stigmasterol experiment 
were a distinct yellow, especially when compared to  the healthy red color 
of the remaining groups. There were no significant differences in per- 
centage lipid and mean liver weights, except for Groups C and D in the 
8-sitosterol experiment in which the mean weights of the livers were 
significantly greater than those of Group A. This observation, however, 
is in keeping with the greater mean body weight of these two groups. 


Analysis of the livers for cholesterol demonstrated the highly significant 
hypercholesterolemia induced in Group B (Table I). 


In the experiment with 8-sitosterol, the mean liver cholesterol was 
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Figure 1-Percentage change from Group A in mean ~ e r u m  cholesterol 
of chicks in cholestyramine experiment. 


significantly greater in Group B than in the other groups, which did not 
differ significantly from each other. With choleetyramine, levels were 
significantly greater in Group B than in all other groups. Group C was 
significantly lower than Group B. These results clearly show the an- 
tihypercholesterolemic effect of the two compounds on liver cholesterol 
content. 


In the stigmasterol experiment, however, the mean liver cholesterol 
levels of Groups B and C, although significantly greater than the control 
level, were not different from each other (Table I). This result shows the 
relative ineffectiveness of stigmasterol as an antihypercholesterolemic 
agent. 


SUMMARY AND CONCLUSIONS 


In summary, the chicks in all experiments tolerated their diets well and 
gained weight steadily. All Group B animals showed significantly elevated 
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Figure 2-Percentage change from Group A in mean serum cholesterol 
of chicks in 8-sitosterol experiment. 
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Figure 3-Percentage change from Group A in mean serum cholesterol 
of chicks in stigmasterol experiment. 


serum and liver cholesterol values. The coloration of livers closely par- 
alleled the serum cholesterol concentration. 


Consistent with the literature (1-3,7-11), the results of these experi- 
ments illustrate the potent antihypercholesterolemic activity of choles- 
tyramine and j3-sitosterol. Furthermore, the antihypercholesterolemic 
activity of these two compounds appears to be of the same order of 
magnitude, as reported previously (7,12-14). 


Although present in the diet of Groups C and D, neither j3-sitosterol 
nor campesterol (which represents about 40% of the 0-sitosterol N F  
employed) could be detected in the serum. This finding supports the 
theory that their action is due to their competitive inhibition of choles- 
terol absorption. 


In contrast to the literature (19), the results indicate that stigmasterol, 
while apparently not exhibiting any deleterious effects, is ineffective as 
an antihypercholesterolemic agent. I t  appears, therefore, that  unsatu- 
ration a t  C22 (the only structural difference between 0-sitosterol and 
stigmasterol) is an undesirable factor in effecting antihypercholestero- 
lemic activity. 


REFERENCES 


(1)  R. I. Levy, D. S. Fredrickson, R. Shulman, D. W. Bilheimer, J. L. 
Breslow, N. J. Stone, S. E. Lux, H. R. Sloan, R. M. Krauss, and P. N. 
Herbert, Ann. Intern. Med., 77,267 (1972). 


(2) R. I. Levy, J. Morganroth, and B. M. Rifkind, N .  Engl. J. Med., 
290,1295 (1974). 


(3) Med. Lett.,  17,49 (1975). 
(4) R. S. Lees and D. E. Wilson, N .  Engl. J. Med., 284,186 (1971). 
(5) J. L. Marx, Science, 187,526 (1975). 
(6) The Coronary Drug Project Research Group, J. Am. Med. Assoc., 


(7) R. I. Levy and B. M. Rifkind, Drugs, 6,12 (1973). 
(8)  M. T. R. Subbiah, Am. J. Clin. Nutr., 26,219 (1973). 
(9) R. Reiser, ibid., 26.524 (1973). 


231,360 (1975). 


(10) M. J. Karvonen, Practitioner, 212,518 (1974). 
(11)  N. B. Myant, ibid., 211,188 (1973). 
(12) 0. <J. Pollak, Circulation, 7,702 (1953). 
(13) M. M. Best, C. H. Duncan, E. J. Van Loon, and J. D. Wathen, 


(14) R. E. Shipley, Trans. N.Y. Acad. Sci., 18,111 (1955). 
(15) G. A. Braun and J. L. Rabinowitz, in “Topics in Medicinal 


Chemistry,” vol. 3, J. L. Rabinowitz and R. M. Myerson, Eds., Wiley- 
Interscience, Toronto, Canada, 1970, p. 91. 


ibid., 10.201 (1954). 


(16) P. Weiss, Ration. Drug Ther., 6, 1 (1972). 
(17) R. F. Chandler, S. N. Hooper, and H. A. Ismail, Can. J. Pharm. 


(18) S. N. Hooper and R. F. Chandler, J. Pharm. Sci., 67, 1157 


(19) D. W. Peterson, E. A. Shneour, N. F. Peek, and H. W. Gaffey, J. 


Sci., in press. 


(1978). 


Nutr., 50.191 (1953). 


ACKNOWLEDGMENTS 


Presented in part at the Medicinal Chemistry Section, APhA Academy 
of Pharmaceutical Sciences, Orlando meeting, November 1976. 


Supported by Medical Research Council of Canada Grant MA- 
5424. 


The authors thank Dr. J. A. Love, Director, Animal Care Centre, 
Dalhousie University, for valuable assistance; and Dr. C. A. Field, 
Mathematics Department, Dalhousie University, for assistance with the 
statistical components of this project. They also thank Eli Lilly and Co. 
for supplying the f3-sitosterol NF and the cholesterol employed and Mead 
Johnson Canada for the cholestyramine (Questran). 


Chemical Constituents of Echites hirsuta (Apocynaceae) 


M. M. CHIEN *$, G. H. SVOBODA#, P. L. SCHIFF, Jr. *, 
D. J. SLATKIN *, and J. E. KNAPP*” 
Received June 8,1978, from the *Department of Pharmacognosy, School of Pharmacy, University of Pittsburgh, Pittsburgh, PA 15261, and the 
rLilly Research Laboratories, Eli Lilly and Company, Indianapolis, I N  46206. $Present address: 
College of Pharmacy, University of Iowa, Iowa City, IA 52240. 


Accepted for publication July 28, 1978. 


Abstract A phytochemical investigation of an ethanolic extract of the 
whole plant of Echites hirsuta (Apocynaceae) resulted in the isolation 
and identification of the flavonoids naringenin, aromadendrin (dihy- 
drokaempferol), and kaempferol; the coumarin fraxetin; the triterpene 
ursolic acid; and the sterol glycoside sitosteryl glucoside. 


Keyphrases 0 Echites hirsuta-whole plant ethanolic extract, various 
flavonoids and sterol glycoside isolated and identified 0 Flavonoids, 
various-isolated and identified in whole plant ethanolic extract of 
Echites hirsuta 0 Sitosteryl glucoside-isolated from whole plant 
ethanolic extract of Echites hirsuta 


Echites hirsuta (Apocynaceae) (l), also known as established toxicity of many Apocynaceous plants 
Mandevilla hirsuta Malme (2), is a woody vine indigenous 
to the subtropics and tropics (3). Although no medicinal 
uses have been reported for this genus, the total absence 
of any phytochemical studies on Echites species and the 


prompted a phytochemical investigation of this plant. 


DISCUSSION 


The plant material was extracted by percolation with ethanol to ex- 
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Abstract Eleven n-alkoxyacetic acids and their methyl esters, in which 
the alkyl group was CI-Cg, C11, or Cia, were tested against Aspergillus 
niger, Trichoderma uiride, and Myrothecium uerrucaria in Sabouraud 
dextrose agar at  pH 4.0 and 5.6. Toxicity to Candida albicans, Tricho- 
phyton mentagrophytes, and Mucor mucedo was determined in the same 
medium at pH 5.6 and 7.0 in the absence and presence of 10% beef serum. 
The fungitoxicity of the acids was influenced by chain length, pH of the 
medium, and absence or presence of adsorbents. The toxicity of the esters 
was influenced primarily by chain length and to a lesser extent by the 
medium pH and the presence of beef serum. The order of activity of the 
n-alkoxyacetic acids was according to the number of linear atoms in the 
chain: 11 > 12 > 10 > 9 > 8 > 7 > 6 > 14 > 16. T .  mentagrophytes was 
the organism most strongly affected by these compounds, with the esters 
being slightly more active than the acids. Compared to other fatty acid 
analogs, the order of fungitoxicity, on a weight basis, was 2-alkynoic acids 
> 2-alkenoic acids > alkanoic acids > 2-bromoalkanoic acids > 2-fluo- 
roalkanoic acids > n-alkoxyacetic acids. 


Keyphrases 0 n-Alkoxyacetic acids and methyl esters-antifungal 
activity evaluated in uitro, effect of chain length, pH, and adsorbents 0 
Antifungal activity-n -alkoxyacetic acids and methyl esters evaluated 
in uitro, effect of chain length, pH, and adsorbents 0 Structure-activity 
relationships-n-alkoxyacetic acids and methyl esters, antifungal activity 
evaluated in uitro 


As part of a search for fungitoxic agents, the struc- 
ture-activity relationships of fatty acids were studied 
(1-6). In addition, compounds were evaluated for potential 
use against opportunistic fungi, which are frequent in- 
vaders of immunosuppressed and debilitated patients 
(4-10). Such fungi include species of Candida, Aspergillus, 
Mucor, and Cryptococcus (1 1). 


BACKGROUND 


Fatty acids possess significant antifungal activity. For systemic use, 
in spite of their low toxicities, they have heen ineffective, possibly because 
they are metabolized readily by the host through the usual fatty acid 
pathways. The fungitoxicity of 2-fluoro fatty acids paralleled tha! of the 
nonfluorinated fatty acids (1). Since it is believed that 2-fluoro fatty acids 
do not undergo @-oxidation (12), they possess a t  least one potential ad- 
vantage over the nonfluorinated fatty acids for systemic antifungal ac- 
tivity. 


Another approach for preparing fatty acids that do not undergo B- 


oxidation is to replace the 0-methylene group with an oxygen (13). In the 
structure ROCH&OOH, the C-0-C angle is 11 1' and the corresponding 
C-C-C angle is 112'. The C-0 bond length is 1.43 A, and the length of 
the C-C bond is 1.54 A. Replacement of the CH2 group by 0 would not 
greatly alter the steric configuration of the analog, and it would not he 
&oxidizable because of the lack of &hydrogens. 


The major factors influencing the fungitoxicity of fatty acids and de- 
rivatives are the partition coefficient and the absence or presence of ad- 
sorbents such as albumin in the growth medium. Chain le.ngth, pKa of 
the acid, and pH of the medium are among the factors determining the 
partition coefficient of the test compound (6). The deactivating effect 
of the adsorbent can be explained as being due to hydrogen bonding 
(5). 


No systematic antimicrobial studies with 3-oxa acids or esters have 
been reported. 11-Fluoroundecyloxyacetic acid and several other 3-oxa 
acids inhibited Mycohacterium tuberculosis in uitro a t  50 pg/ml (14). 


The present study was concerned with the preparation of the 
straight-chain 3-alkoxyacetic acids and their methyl esters in which the 
alkyl groups included 1-9,11, or 13 carbon atoms. Methoxy- and ethox- 
yacetic acids were purchased'. The following acids were prepared by 
published methods: n-propyloxyacetic acid, n-butyloxyacetic acid, n -  
pentyloxyacetic acid, n-hexyloxyacetic acid, n-heptyloxyacetic acid, 
n-octyloxyacetic acid (15), n-undecyloxyacetic acid, and n -tridecylox- 
yacetic acid (13). 


The following methyl esters were also previously reported: methyl 
methoxyacetate, methyl ethoxyacetate, methyl n -propyloxyacetate (16), 
methyl n-butyloxyacetate (17), and methyl n-octyloxyacetate (18). n- 
Nonyloxyacetic acid was prepared by condensing n-nonyl alcohol with 
chloroacetic acid by means of sodium in toluene, and the previously un- 
known methyl esters were obtained from the acids by heating with methyl 
alcohol in the presence of a catalytic quantity of thionyl chloride. 


The data characterizing the new compounds are in Table I. The purity 
of all compounds was verified by GLC. 


The fungi used were Aspergillus niger (ATCC 1004). Trichoderma 
uiride (ATCC 8678), Myrothecium uerrucaria (ATCC 9095C), Candida 
albicans (ATCC 10231), Trichophyton mentagrophytes (ATCC 9129). 
and Mucor mucedo (ATCC 7941). 


The compounds were screened against A.  niger, T .  uiride, and M .  
uerrucaria in Sabouraud dextrose agar2 a t  pH 4.0 and 5.6 according to 
published methods (1). Graded levels of test compound dissolved in di- 
methyl sulfoxide were incorporated into the growth medium, which was 
then inoculated with the respective fungus. The inoculum consisted of 


I Eaatman Kodak Co., Rochester, N.Y. 
2 Difco, Detroit, Mich. 
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Table I-n-Alkoxyacetic Acids and  Methyl Esters (n-RlOCH2COOR2) 


Yield, Boiling Point 2 5 O  Y neat, cml Analysis, % 
R I  R2 96 (rnm)" nr l  c=o -0- Formula Calc. Found 


n-CgH19 H 47 123" (0.3)b - 1725 1142 CIIHZZOR C 65.31 65.20 
H 10.96 11.05 


H 10.07 9.96 
n-CsHin CH3 77 52" (0.3) 1.4184 1780 1148 CgH1703 C 62.04 62.00 


H 10.41 10.27 


n G H I  I CH:, 77 42' (0.4) 1.4230 1770 1142 CsH160~ C 59.97 60.11 


n-C~H15 C H:i 82 6 2 O  (0.3) 1.4235 I780 1146 C10Hzo0:i C 63.79 63.79 
H 10.71 10.86 


n -CgH 19 CHs 82 64' (0.25) 1.4284 1771 1145 CizHz409 C 66.63 66.65 
H 11.18 11.11 


80 108' (0.25) 1.4343 I772 1145 C14Hzdh C 68.85 68.55 
H 11.52 11.37 


n -C1 1H2n CHs 


n-ClnHp, . CH:s 57 127' 10.25) 1.4385 1776 1147 C i d h 0 : i  C 70.54 70.35 
H 11.84 11.70 


0 Analytical sample. b Mp 3?.5--3:1.S0 (hexane). 


Table 11-Antifungal Activity of n-Alkoxyacetic Acids and Their  Methyl Esters at pH 4.0 and  5.6 i n  Sabouraud Dextrose Agar a f t e r  
5 Days at 28" against  A. niger, T. viride, and M. verrucaria 


Antif'uneal Antifuneal -~o- ~ ~~~ 0.. 
~ ~~ .~ 


Levels of Inhibition a t  pH 4.0" Spectrum Levels of Inhibition a t  pH 5.6 Spectrum 
H A. niger T. viride M. verrucaria Indexb A. nigcr T. viride M. oerrucaria Index 


0 
0 
0 
1 
1 
1 
2 
2 
2 
0 
0 


1 
1 
1 
1 
1 
2 
3 
3 
3 
3 
1 


1 0 
0 0 
0 1 
0 I 
11 1 
1 1 
1 1 
1 2 
1 2 
0 0 
0 0 


1 
1 
1 
1 
2 
2 
2 
3 
3 
3 
1 


1 
0 
1 
1 
1 
1 
2 
2 
3 
0 
0 


ROCHzCOOH 


4 0 0 
4 0 0 
4 0 1 
9 0 1 


1 2  1 I 
1 5 1 2 
21 1 2 
24 
24 
12 


2 3 
2 3 
0 3 


4 0 1 


4 1 0 
0 0 0 
4 0 1 
4 0 1 
9 1 1 
9 1 1 


12 
15 
18 


1 1 
1 2 
1 2 


0 0 0 
0 0 0 


0 
0 
1 
1 
1 
2 
2 
3 
3 
3 
1 


1 
0 
1 
1 
1 
1 
2 
2 
3 
0 
0 


0 
0 
4 
4 
9 


15 
15 
24 
24 
12 


4 


4 
0 
4 
4 
9 
9 


12 
15 
18 
0 
0 


_ _ _ _ _ ~ ~  ~ ~ 


0 Compounds were incorporated in test medium at 104, lo". and 102uglml; 3 = inhibition at all levels of compound. 2 = inhibition at  the two highest levels, 1 = inhibition 
a t  the highest level on1 1, and 0 = compound inactive a t  highest level tested. Ailtifungal spectrum index = the total number of levels of inhibition multiplied by the number 
of organisms inhibited: 


1 drop of spore suspension containing 6 X lo6 spores/ml in 0.85% NaCl 
solution. Incubation took place a t  28" for 5 days. 


For T. mentagrophytes, C. albicans, and M. mucedo. the methods 
described previously were used (7). To the Sabouraud dextrose agar a t  
pH 5.6 and 7.0, both with and without 10% beef serum3, were added 
graded levels of test compound dissolved in dimethyl sulfoxide. The in- 
ocula of T. mentagrophytes and M. mucedo consisted of 1 drop of spore 
suspension containing 6 X lo6 spores/ml in 0.85% NaCl solution; the in- 
oculum of C. aibicans was 1 drop of a suspension obtained from a 
20-hr culture in Sabouraud dextrose broth' incubated a t  37'. 


The results reported are numbers of levels of compound causing 10W0 
inhibition of the test organisms. The compounds were tested a t  lo4, lo?, 
and lo2 pglml. All tests were carried out in duplicate in "I" plate petri 
dishes4. The results were weighted by calculating the antifungal spectrum 
index, which is defined as the sum of the number of levels of complete 
inhibition multiplied by the number of organisms inhibited within the 
defined system (19,201. 


The test results against A. niger, T. viride, and M. verrucaria are 
presented in Table 11; those against C. albicans, T. mentagrophytes, and 
M. mucedo are in Table 111. 


3 Miles Laboratories, Kankakee, Ill. 
4 Falcon. 


EXPERIMENTALS 


a-Nonyloxyacetic Acid-Sodium metal (30.6 g, 1.33 g-atom) was 
added to 2000 ml of dry toluene and heated to boiling with vigorous 
stirring. n-Nonyl alcohol (95.9 g, 0.66 mole) dissolved in 300 ml of toluene 
was added dropwise with continued heating and stirring. When all of the 
alcohol was converted to the alkoxide, as evidenced by cessation of hy- 
drogen evolution, chloroacetic acid (62.6 g, 0.66 mole) dissolved in 500 
ml of toluene was added, and the mixture was stirred and heated over- 
night. 


The toluene suspension was extracted several times with water to 
dissolve the salts, and the combined aqueous extracts were extracted 
several times with ether to remove occluded toluene and unreacted oc- 
tanol. The water solution was acidified with 6 N HCI and extracted with 
ether to remove the oxa acid. The ether extract was dried (sodium sul- 


5 Melting points were taken in a Thomas-Hoover apparatus and are uncorrected. 
GLC was performed on a Varian Aerograph model 1200 gas chromatograph with 
a flame-ionization detector to which was attached a Varian Aerograph model 20 
recorder. The purity of the acids was established by analyzing the silyl esters on 
a column containing 3% Dexsil400 on 90-100-mesh Anachrom A (Analabs, New 
Haven, Conn.). All samples tested microhiologically were at least 95% pure. 1R 
spectra were obtained with a Perkin-Elmer model 221 spectrophotometer, and 
refractive indexes were taken with an Abbe-3L B & L refractometer. 
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Table Ill-Antifungal Activity of n-Alkoxyacetic Acids and Their  Methyl Esters at pH 5.6 and 7.0 in Sabouraud Dextrose Agar in the 
Absence and Presence of Beef Serum against C. albicans, T. mentagrophytes, and M. mucedo a 


c'. albicans T .  mentagrophytm M .  mucedo 
pH 5.6 pH 7.0 pH 5.6 pH 7.0 pH 5.6 pH 7.0 Antifungal' 


Without With Without With Without With Without With Without With Without With Spectrum 
R Serum Serum Serum Serum Serum Serum Serum Serum Serum Serum Serum Serum Index 


CH:, 0 0 0 0 1 
G H s  0 0 0 0 1 
n -C ,H?  0 0 0 0 1 
n-CiHy 0 0 0 0 2 


1 1 0 0 2 


CH:1 1 1 1 1 
CYH5 0 0 0 0 
n G H :  0 0 0 0 
n -C;Hi 1 I 1 1 1 
n-C;H;l 1 1 1 1 1 
n - C d  I:, 1 1 1 1 1 
n-C:HI:, 1 1 1 1 3 
n -CsH I; 1 1 1 1 3 


0 0 0 0 3 


ROCH2COOH 


0 0 
0 0 
1 0 
1 0 
2 1 
2 1 
2 2 
3 2 
3 2 
3 3 
2 3 


ROCH2COOCHa 
I 1 
0 0 
1 1 
1 1 
1 1 
1 1 
2 2 
3 3 
3 3 
3 3 


0 
0 
0 
0 
1 
1 
1 
2 
2 
2 
2 


1 
0 
1 
1 
1 
1 
1 
3 
2 
2 
2 


0 
0 
1 
1 
2 
2 
2 
2 
2 
0 
0 


1 
1 
1 
1 
I 
2 
1 
1 
0 
0 
0 


0 
0 
1 
1 
1 
2 
2 
2 
2 
0 
0 


1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 


0 
0 
1 
1 
1 
1 
2 
2 
1 
0 
0 


1 
1 
I 
1 
1 
1 
1 
1 
0 
0 
0 


0 
0 
1 
1 
1 
1 
2 
2 
1 
0 
0 


1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 


1 
1 


12 
14 
39 
48 
60 
72 
66 
1 1  
10 


36 
10 
16 
36 
36 
39 
48 
60 
11 
1 1  
1 1  3 3 0 0 0 0 3 


0 (' albrcam and M nruwdo were incuhated at :lie fur 20 hr, and T mmtogrophytc.\ was incuhated at 28' for 5 days. Same as footnote a in Table 1. Same as footnote 
b in '1'al)le 11. 


fate), and the solvent was removed in a rotary still. The residue then was 
fractionated under reduced pressure. 


Methyl n-Nonyloxyacetate-To 20 g (0.099 mole) of n -nonyloxy- 
acetic acid dissolved in 200 ml of methyl alcohol was added 2 ml of thionyl 
chloride. The mixture was heated under reflux overnight. The solvent 
was removed in a rotary evaporator, and the residue was distilled frac- 
tionally under reduced pressure. 


RESULTS AND DISCUSSION 


The fungitoxicity of compounds can be compared by using the com- 
bined antifungal spectrum indexes a t  pH 4.0and 5.6. The 2-alkoxyacetic 
acids (Table 11) were most toxic to A. nigcr, 7'. uiride, and M .  verrucaria 
at chain lengths of seven to 14 atoms. The methyl esters showed their 
greatest activity a t  chain lengths of six to 12 atoms. The order of funyi- 
toxicity of the acids was at  chain lengths of 12 = 1 1  > 10 > 9 > 14 > 8 >7 
> 6 = 16 atoms; for the esters, the order was 12 > 1 1  > 10 > 9 = 8 > 7 = 
6. The antifungal activity of the acids was greater in many cases a t  pH 
4.0 than a t  pH 5.6, and the activity of the esters was unaffected by the 
medium pH. The fungitoxicity of the acids was considerably greater than 
that of the esters. 


With respect to C. albicans, T. mentagrophytcs, and M .  mucedo, the 
most fungitoxic acids were at  chain lengths of six to 16 atoms and the most 
fungitoxic esters were at  chain lengths of three to 16 atoms (Table 111). 
When the pH of the medium was raised and beef serum was added, 
antifungal activity decreased. The same was true for the esters but to a 
lesser extent. The organism most affected was 7'. mentagrophytes, with 
the esters being slightly more active than the acids. The order of toxicity 
ofthe alkoxyacetic acids to these fungi according to chain length was 11 
> 12 > 10 > 9 > 8 > 7 > 6 > 14 > 16 atoms; for the esters, the order was 
11 > 1 0 > 9 > 8 = 7 = 4 > 6 >  1 2 =  1 4 =  1 6 > 5 .  


Totaling of the antifungal spectrum indexes of the seven most active 
acids a t  pH 4.0 and 5.6 for A .  niger, T.  uiride, and M .  uerrucaria showed 
that, on a weight hasis, the order of fungitoxicity of five types of fatty 
acids was: 2-alkynoic acids > 2-alkenoic acids > alkanoic acids > 2-bro- 
moalkanoic acids > 2-fluoroalkanoic acids (6). The present results place 
the alkoxyacetic acids slightly below the activity of the 2-fluoroalkanoic 
acids. However, as for the 2-fluoroalkanoic acids, the alkoxyacetic acids 
should possess a longer life within the host and, consequently, reach the 
parasite in greater concentration than acids susceptible to 8-oxida- 
tion. 


The relative contributions of a-, 0-, and w-oxidative pathways to fatty 
acid oxidation in rat liver were studied (21). It was reported that a-oxi- 


dation was negligible and that B-oxidation of stearic acid was 25 times 
as rapid as w-oxidation. For palmitic acid, &oxidation was even more 
rapid than for stearic acid. 
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Although the terminal half-life may be reduced by biliary dysfunction 
or reabsorption enhancement (when km < klo), CXT,,, CXT,,,I, and A,, 
will always be increased by these changes. Since drug effectiveness and 
toxicity are closely related to CXT values after intravenous or oral dosing 
and to A,,, the steady-state drug level, after infusion, they will increase 
for patients with bitiary dysfunction or enhanced reabsorption. T o  avoid 
toxicity, the drug dosage may have to be reduced accordingly. 


APPENDIX 


From Eq. 3, partial differentiation of p with respect to k 12 yields: 


-=- ” lo - (kz1 + ~ I ‘ L  + k i n  - k2n)l (Eq. A l )  


Since ‘7 is always positive, if k20 2 k21 + kl2 + k lo ,  then dPldk12 will be 
positive. Ifk2l + k12 + k l o  > k20, di3/akl2 has thesamesign as T2 - (k21 


V2 - ( k m  + k12 + k i o  - kzo)’ = 4k21(kzo - kio) (Eq. A2) 


dk12 2T 


+ k12 + k l o  - k20)’. Thus: 


and, therefore: 


(Eq. A3) 


(Eq. A4) 


(Eq. A5) 


Similarly, partial differentiation of /3 with respect to k2l gives: 


(Eq. A6) 


which is similar to Eq. A 1  except that the order o f  k20 and k l o  is reversed. 
Therefore: 
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Abstract 0 Hydrogels prepared from poly(hydroxyethy1 methacrylate) 
are biocompatible and highly permeable to low molecular weight solutes. 
Permeation rates can be varied by altering the cross-linker concentration 
or using copolymers; the latter are chosen to alter the hydrogel equilib- 
rium hydration. These factors suggest that hydrogels are good candidates 
for controlled-release drug delivery devices. Hydrogels may be synthe- 
sized using various temperatures, initiators (nature and concentration), 
and solvents (nature and concentration). This study demonstrated that 
progesterone permeation through poly(hydroxyethy1 methacrylate) films 
is independent of polymerization solvent (nature and concentration) for 
the solvents, water, ethanol, and tert-butyl alcohol. The importance of 
hydrogel equilibrium hydration in progesterone permeation is empha- 
sized. 


Keyphrases 0 Hydrogels, poly(hydroxyethy1 methacrylate)-proges- 
terone permeation, effect of various nonaquttous polymerization solvents 
0 Hydroxyethyl methacrylate-hydrogel fihns, progesterone permeation, 
effect of various nonaqueous polymerization solvents 0 Progester- 
one-permeation through hydrogel membranes, effect of various non- 
aqueous polymerization solvents Delivery devices, controlled-hy- 
drogel membranes, progesterone permeation, effect of various non- 
aqueous polymerization solvents 


Hydrogels are biocompatible (1) and potentially useful 
for controlled-release drug delivery systems (2-9). 
Monomer composition and cross-linker type and compo- 
sition determine hydrogel drug release rates. 


The physical-chemical properties of hydrogels depend 
on polymerization conditions (10). In poly(hydroxyalky1 


methacrylate) synthesis, polymerization at  the gel equi- 
librium water content is convenient. However, varying the 
initial solvent composition is often advantageous in fab- 
ricating controlled-release drug delivery devices. Certain 
fabrication problems may be overcome through non- 
aqueous polymerization (4, 7). However, polymer chain 
organization, degree of cross-linking, and other properties 
may be altered, resulting in a different polymer when water 
is omitted. These changes could affect the permeability of 
these films relative to those polymerized in the presence 
of water. 


For these reasons, a systematic study of polymerization 
solvent effects on progesterone permeability through films 
polymerized from hydroxyethyl methacrylate was un- 
dertaken. Films prepared without cross-linker were chosen 
because the permeabilities of these films are highly sen- 
sitive to small changes in cross-link density (9, 11, 12). 


Also included in the present study are the effects of the 
solvents ethanol and tert-butyl alcohol. Based on ther- 
modynamic (13) and swelling arguments (14), ethanol and, 
to a greater extent, tert-butyl alcohol are better solvents 
for poly(hydroxyethy1. methacrylate) than is water. These 
solvents are expected to offer certain advantages in the 
polymerization of films containing high concentrations of 
cross-linking agents and aid in dissolving drugs that nor- 
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Table I-Progesterone Permeation Parameters  in 
Poly(hydroxyethy1 methacrylate) Films as a Function of 
Polymerization Solvent Type and Concentration 
Concentration, D X lo9, u x 107, 


% V I V  cm2/sec K d  cm2/sec H 
W* 


0 5.54 102 5.65 0.47 
4.96 109 5.41 0.46 
5.89 100 5.89 0.47 


5 5.05 85 4.29 0.45 
4.99 99 4.94 0.46 


10 5.08 104 5.28 0.46 
4.79 107 5.13 0.45 


20 6.02 92 5.54 0.46 
5.29 107 5.66 0.51 


40 6.85 103 7.06 0.47 
4.66 120 5.59 0.52 
3.81 133 5.07 0.52 . .~ ~ . .  


4.77 124 5.91 0.53 
4.23 134 5.67 0.50 
4.48 131 5.87 0.48 


Ethanol 
20 4.34 101 4.38 0.45 


4.77 111 5.30 0.46 
4.55 114 5.19 0.51 


40 5.50 107 5.89 0.48 
4.81 96 4.62 0.50 


20 5.46 110 6.01 0.48 
40 4.64 107 4.96 0.53 


6.84 103 7.04 0.45 


tert-Butyl Alcohol 


Average f SD 5.10 f 0.76 109 f 13 5.49 f 0.69 0.48 f 0.03 


mally are not soluble in hydroxyethyl methacrylate-water 
solutions during polymerization. When water is used as the 
polymerization solvent, phase separation tends to occur 
during polymerization, a problem that is overcome 
through the use of ethanol or tert- butyl alcohol. 


EXPERIMENTAL 


Hydrogel films were prepared by free radical polymerization using 
azobis(methy1 isobutyrate) (15) (7.84 mmoleshter of monomer) as the 
initiator. Hydroxyethyl methacrylate’ was used as received and contained 
the major impurities methacrylic acid (0.06%), ethylene glycol di- 
methacrylate (0.024%), and diethylene glycol methacrylate (0.29%). 


Hydroxyethyl methacrylate mixtures with 0,5, 10,20, and 40% (v/v) 
deionized water, 20 and 40% (v/v) ethanol*, and 20 and 40% (v/v) te r t -  
butyl alcohol3 were polymerized between sealed polyethylene plates a t  
60’ for 24 hr. All films were transparent and homogeneous after poly- 
merization. Subsequent to polymerization, all films were equilibrated 
in water (changed repeatedly) for 3-4 weeks prior to the permeation 
studies. 


Unlabeled progesterone4 and 1,2-3H-progesterone5 were used as re- 
ceived to prepare aqueous 11.2-pg of progesterone/ml solutions for the 
permeation and partition experiments. 


Diffusion and partition experiments were conducted as described 
previously (8, 9). Film thicknesses, -0.07 cm, were measured on the 
water-swollen hydrogels using a lightwave micromete+. 


Hydration values were obtained as described previously (11). 


RESULTS AND DISCUSSION 


Progesterone diffusion coefficients in the hydrogel films were calcu- 
lated using (16): 


(Eq. I )  


1 Courtesy of Hydron Laboratories. New Rrunswick, N.J. Impurities in the sample 
were determined by Hydron Laboratories. * IMC Chemical Crou , Agnew, Calif. 


3 J. T. Baker ChemicapCo., Phillipsburg. N.J.  
4 Steraloids Inc.. Paulmg. N.Y. 
6 New England Nuclear, Boston, Mass. 
6 Van Kueren Co., Watertown, Mass. 


where Ct is the progesterone concentration a t  time t, CO is the initial 
progesterone concentration, A is the polymer film area (14.9 cm2), 1 is 
the film thickness, V1 and V2 are the compartment volumes (176 ml), and 
I/ is the permeation coefficient defined as: 


u = DKd (Eq. 2) 


where D is the diffusion coefficient and K,j is the partition coefficient. 
Values for U ,  D, K d ,  and H [the membrane hydration, defined as (film 


water concentrationhulk water concentration)] are given in Table 1, as 
are the average values and standard deviations for each parameter. The 
values in each row represent results from a single polymer film. 


Progesterone permeability, diffusivity, and partitioning in poly(hy- 
droxyethyl methacrylate) films did not change when: ( a )  the initial 
polymerization mixture water content was varied from 0 to 40% (v/v), 
(h)  the polymerization solvent was changed from water to ethanol or 
tert-butyl alcohol, and (c) the alcohol concentration was changed from 
20 to 40% (Table I). The equilibrium hydration of the poly(hydroxyethy1 
methacrylate) films in water was independent of the polymerization 
conditions. 


It was demonstrated previously (14) that the equilibrium water swelling 
of hydrogels polymerized in different solvents was independent of the 
solvent type and was dependent only on the monomer volume fraction 
present in the polymerization medium. This conclusion is consistent with 
the present study, which demonstrates that polymer hydration is inde- 
pendent of both solvent type and concentration, regardless of the di- 
mensional changes that occur with water equilibration. 


Hydration and permeability of hydrogel films have been theoretically 
related (17) and experimentally verified (9). Mechanistic interpretations 
of poly(hydroxyethy1 methacrylate) film permeation suggest a “pore- 
flow” mechanism for progesterone (9). This information and the present 
data indicate that equally hydrated gels display an “effective porosity” 
independent of the polymerization solvent. Hydration is an inherent 
property of the gel network formed under conditions of fixed monomer 
type, temperature, and initiator type and concentration. Furthermore. 
it appears that  any differences in the gel network organization that arise 
from polymerization solvent changes are secondary to hydration in de- 
termining progesterone permeahility in hydrogel films. 
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APhA PERSPECTIVE ON “LANNETT” 


When the so-called “Lannett decision” was handed down by the courts last fall, 
an acquaintance in the pharmaceutical industry commented to us, “Well, I guess 
this will make APhA happy, since you people think all generic drug products are 
equivalent and don’t need to be tested or checked for their quality!” 


He was surprised when I informed him that, “NO, I can’t say that we were happy 
about it; and, in fact, the decision appears to run contrary to official APhA 
policy.” 


This exchange seems to suggest that  a brief review of the Association’s position, 
in the context of the litigation situation, may be beneficial for all of our readers. 


APhA has long and consistently held ( a )  that  judgment should enter into drug 
product selection; ( b )  that  by training and experience, pharmacists are generally 
best equipped to fill the role of exercising drug product selection; and ( c )  that on!y 
quality pharmaceutical products should be dispensed in all situations-whether 
or not the pharmacist is selecting the source of the product. 


The question then moves to: “What is a quality product?” and a t  this point the 
problem becomes much more sticky, if not downright difficult. 


There is not sufficient space in this column to delineate all that the Association 
has offered by way of advice, suggestions, and information on this subject, but a 
few such examples include evaluating drug company recall records, physically ex- 
amining the drug product itself, and reviewing information in APhA’s The Bio- 
availability of Drug Products. 


But beyond such suggestions, APhA has taken the position that-if three basic 
conditions prevail-drug products can generally be considered as being of accept- 
able quality and as being interchangeable irrespective of their source of manufac- 
ture. “Interchangeable” here is synonymous with therapeutically or clinically 
equivalent. 


In APhA’s view, the three requisite conditions are: (a )  premarket approval of 
the product by the Food and Drug Administration; ( b )  manufacture of the product 
in a manufacturing facility that is in compliance with FDA’s Good Manufacturing 
Practice regulations; and ( c )  the resultant product passes all applicable official 
compendium standards and specifications. 


As long as these conditions prevail as the minimum hurdle for drug products to 
move legally into the marketplace, we could have a reasonable level of confidence 
in the quality of the drug supply. 


This past fall, however, a court decision was handed down that significantly 
undercut the first of these three requisites. In the celebrated “Lannett decision,” 
the court basically ruled against what FDA has chosen to define as constituting a 
“new drug.” 


The court decision goes on to lay out the crux of the case: The FDA “maintains 
that for each specific drug product there must be general recognition of its safety 
and efficacy. This, the FDA contends, is especially true i f  applied to the bio- 
availability, the bioequivalence, and the quality control problems of specific drugs 
such as Lannett’s.” Hence, the FDA has required premarketing approval of each 
manufacturer’s product in the form of a full or abbreviated new drug applica- 
tion. 


Lannett, however, challenged this requirement, and the significance of the de- 
cision was that the court decided against FDA. 


As  noted above, this decision also appears to run contrary to the APhA policy 
position-a position that has contributed in great measure to the confidence that 
we feel regarding the general high quality of marketed drugs. 


In November 1969, the APhA House of Delegates met in a special session, and 
one action taken during that meeting was to adopt an amended preamble statement 
on “Drug Product Quality,” submitted by the APhA Academy of Pharmaceutical 
Sciences. That  statement specified the need for every manufacturer to conduct 
appropriate and sufficient tests prior to the initial distribution of a drug product 
o r  modifications of an existing product in order to demonstrate its clinical safety 
and efficacy. This is the same policy that FDA has been following in its drug ap- 
proval process, and which the Lannett decision would seem to overturn. 


FDA has vowed to battle the Lannett decision, and in mid-January of this year 
an important court ruling was announced in the “Pharmadyne case.” In this U.S. 
District Court decision, the judge denied Pharmadyne’s suit to block FDA from 
seizing certain drug products that  the company began to market without specific 
FDA preapproval. In handing down his ruling, the judge recognized that he was 
contradicting the Lannett decision. 


It is apparent that the matter has not yet been fully settled, and appeals will be 
probably entered by several of the parties. But whatever the outcome, we wish to 
clarify that APhA continues to support a system that provides for appropriate 
premarket testing and approval as a basic requisite before the initial distribution 
of any manufacturer’s drug products. On such a foundation, confidence in product 
quality is both logical and warranted. -EGF 












nique. This technique requires no reference to external standards since 
the molecular weight is obtained from a simple linear extrapolation to 
zero concentration of the light-scattering data obtained at  a single angle 
from two or more solutions of different solute concentrations (13-16). 
The results (Table V) show that the HPLC molecular weight determi- 
nations were in fair agreement with those of the light-scattering tech- 
nique. The average of the three samples agreed within 100 daltons, al- 
though there was considerable sample-to-sample variation. Both the 
HPLC and spectroscopic results showed a good correlation between 
molecular weight and anticoagulant activity. 
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Abstract 0 A series of heterocyclic analogs of amphetamine was syn- 
thesized. The heterocycles employed included the 2-furyl, 2-thienyl, 
3-methyl-2-thieny1, 3-pyridyl, and 6-methyl-2-pyridyl rings. The ali- 
phatic amine group was converted to the N-methylthiourea, dithiocar- 
bamate, methanesulfonyl, trifluoromethanesulfonyl, and trifluoroacetyl 
functions since similar conversions of the j3-phenethylamine structure 
had shown blood pressure-lowering effects and some loss of behavioral 
effects. p-Chlorophenyl and I-naphthyl analogs were also converted to 
these derivatives. Behavioral and other biological effects, including an- 
tiarthritic, passive cutaneous anaphylactic, and antimicrobial, were ob- 
served. The 3-methyl-2-thienyl analog of amphetamine significantly 
increased papillary muscle contractile force without producing ar- 
rhythmias. 


Keyphrases 0 Amphetamine analogs-thioureas, dithiocarbamates, 
negatively substituted amides, synthesis, behavioral effects, antiarthritis 
effects, cutaneous anaphylaxis, antimicrobial effects, blood pressure, rats 


Structure-activity relationships-amphetamine analogs, thioureas, 
dithiocarbamates, negatively substituted amides, synthesis, behavioral 
and biological effects, rats Motor activity-effects of amphetamine 
analogs, rats 0 Antiarthritis agents-amphetamine analogs, rats 0 Blood 
pressure-effects of amphetamine analogs, rats 


Formation of negatively substituted amides on the ali- 
phatic nitrogen of amphetamine and related structures has 
produced compounds with blood pressure-lowering effects 
(1). This result occurred also with negatively substituted 
amides of the P-phenethylamine structure as well as di- 
thiocarbamate and thiourea derivatives (2,3). Conversion 
of the aliphatic nitrogen to a neutral or acidic function thus 
led to a depressor response from a basic structure having 
motor stimulant activity. Previously, inclusion of the al- 
kanesulfonamide group in the aromatic ring of phen- 


ethanolamines conferred either adrenergic stimulant or 
blocking activity (the latter generally appearing with an 
isopropyl or larger group on the aliphatic nitrogen) (4, 
5). 


DISCUSSION 
A number of dithiocarbamates of the j3-phenethylamine structure 


showed varying degrees of amphetamine-like behavioral effects (6). The 
presence of heterocyclic rings, in place of the phenyl, generally resulted 
in a loss of amphetamine behavioral effects. Diethyldithiocarbamate had 
previously been shown to deplete brain norepinephrine and to maintain 
the conditioned avoidance response of the rat (7). The dithiocarbamates 
of the heterocyclic ethylamines failed to alter this response (6). Antio- 
besity manifestations were observed in rats with some negatively sub- 
stituted amides, dithiocarbamates, and thioureas of the j3-phenethyl- 
amines and amphetamine derivatives. The possibility existed, therefore, 
of removing many or all of the behavioral attributes of the basic am- 
phetamine structure while retaining depressor and antiobesity effects 
by appropriate substitutions on the nitrogen and inclusion of heterocyclic 
rings. 


A series of heterocyclic analogs of amphetamine, including neutral or 
negatively substituted functions on the aliphatic nitrogen, was synthe- 
sized to determine if behavioral activity could be diminished and other 
useful effects retained. Corresponding derivatives of p-chloroamphe- 
tamine and the 1-naphthyl analog were prepared for similar observations. 
Negatively substituted amides prepared included the methanesulfon- 
amide, trifluoromethanesulfonamide, and trifluoroacetyl as well as di- 
thiocarbamates and methylthioureas. Both thioureas and dithiocar- 
bamates have shown inhibitory activity against dopamine-j3-hydroxylase 
(8,9), so these derivatives were expected to produce depressor effects. 


Previously, the furyl and thienyl analogs of amphetamine were ob- 
tained, and their motor effects were compared to those of amphetamine 
(10). Amphetamine and its thienyl analog were more active motor stim- 
ulants than the furyl analog, but both the heterocyclic analogs were less 
toxic than amphetamine. 
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Table I-1-Aryl-Z-nitropropenes Ar-CH=C-NO, 


Ar Formula Yield, % 
Melting 
Point 


Analysis, % 
Calc.. Found 


2-Fury1 C7H7N03 65 47-48' - - 
2-Thienyl C7H7NOzS 44 67-68' C 49.69 49.55 


H 4.17 4.42 
N 8.27 8.02 
S 18.95 18.68 


52.52 C 52.46 
5.34 H 4.92 


N 7.65 7.51 
S 17.47 17.33 


3-Pyridyl CeHsNzOz 18 61-63' C 58.53 58.33 
H 4.91 5.04 
N 17.06 17.15 


6-Methyl-2-pyridyl C9HioNz02 39 68-69' C 60.67 60.54 
H 5.61 5.71 
N 15.73 15.72 


73.02 
H 5.11 5.49 
N 6.57 6.60 


3-Methyl-2-thienyl CeHgNOZS 65.5 67-69' 


4-Chlorophenyl CgHp.ClN0z 64 86-87' - - 
64-65' C 73.23 1-Naphthyl Ci3HiiNOz 81 


Lit. (12) mp 50-51". Lit. (13) mp 88-89', 
CH? 
1 


Table 11-1-Aryl-2-aminopropanes Ar - CHI- CH-NH, 


Boiling Point or Analysis, % 
Compound Ar Formula Yield, % Melting Point Calc. Found 


I 
I1 


111 


IV 
V 


VI 
VII 


2-Fury1 
2-Thienyl 
2-Thienyl hydrochloride 


c11HiiN0 65 66-70" (20 mm)n - 
CiHiiNS 
C7HlzClNS 


- 39 146-150' (20 mm) 
- 149-152' C 47.32 


H 6.81 
N 7.88 
S 18.04 


90 125-130' (20 mm) 
- I 48-1 500 C 50.13 


H 7.31 
N 7.31 
S 16.71 


- 3-Methyl-2-thienyl CsHi3NS 
3-Methyl-2-thienyl hydrochloride CeH14ClNS 


3-Pyridyl CeHizNz 37 125-130' (20 mm) - 
6-Methyl-2-pyridyl CgHi4Nz 
6-Methyl-2-pyridyl hydrochloride CgHisClNz 


4-Chlorophenyl hydrochloride CgHi2ClN - 166-168'* - 


- 68 100-105' (20 mm) 
- 160-161' C 57.90 


H 8.04 
N 15.01 


- 1-Naphthyl Ci3Hid  81 160-165' (20 mm) 
1-Naphthyl hydrochloride Ci3Hi6ClN - 212-215' C 70.43 


H 7.22 
N 6.32 


47.50 
6.85 
7.62 


17.76 
- 


49.69 
7.28 
7.12 


16.60 
- 
- 


57.73 
8.45 


14.89 
- 
- 


70.27 
7.21 
6.29 


a Lit. (12) bp 68-75O (20 mm). Lit. (14) mp 163-169'. 
CH 
1 


Table 111-Amide, Thiourea, and Dithiocarbamate Derivatives Ar-CHI-CH-NH-R 


ComDound Ar R Formula 
Yield, Melting Analysis, % 


% Point Calc. Found 


C 51.06 50.74 
H 7.60 7.73 
N 8.51 8.22 
S 19.45 18.96 


63-64' C 43.83 43.80 
H 5.93 5.18 
N 639 6.33 


VIII 2-Fury1 CSz-(CzH6)3NH+ C14Hz5NzOSz~11/zHz0 94 Oil 


IX 2-Thienyl S02CH3 CsHi3N02Sz 70.5 


X 2-Thienyl COCF3 CgHioF3NOS 


.~_. -. 
S 29120 28.88 


16 59-61' C 45.56 45.76 
H 4.24 4.16 
N 5.90 5.73 


14.00 
XI 2-Thienyl SOzCF3 CaHioFsNOzS2 22 35-31' 35.11 


3.95 
5.06 


23.70 
XI1 2-Thienyl CNHCH3 CgHi4N2S2 75.5 Oil 50.18 


6.76 
N l?% 12.92 
S 29.90 29.51 


1 
S 13.50 
C 35.16 
H 3.66 
N 5.12 
S 23.44 
C 50.46 
I4 R5d 
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( 'H 


Ar-rH -t'H--NH--H 
I Table 111- Con tinued 


Yield, Melting Analysis, ')h 


(hnpoirnd A r  R Formula 96 Point Calc. Found 
XI11 


XIV 


xv 


XVI 


XVII 


XVIII 


XIX 


xx 


XXI 


XXII 


XXIII 


XXIV 


xxv 


XXVI 


XXVII 


XXVIII 


xxrx 


xxx 


2-'I'hienyl 


3-Methyl-2-thienyl 


3-Methyl-2-thienyl 


3-Methyl-2- thienyl 


3-Methyl-2-thienyl 


3-Pyridyl 


3-Pyridyl 


3-Pyridyl 


3-Pyridyl 


6-Methyl-2-pyridyl 


6-Methyl-2-pyridyl 


6-Methyl-2-pyridyl 


4-Chlorophen yf 


4-C hlorophenyl 


4-Chlorophenyl 


4-Chlorophenyl 


1-Naphthyl 


1-Naphthyl 


S02CH3 


COCF3 


S 


CNHCH3 
II 


SOzCH3 


COCF3 
S 


CNHCH3 
II 


S02CH3 


COCF3 
S 


CNHCH3 
I1 


S02CH3 


COCF3 


64.5 


51.5 


82 


74.5 


34.5 


30.5 


55 


72 


75 


59 


71 


35 


36 


90 


70 


53 


97 


73 


Oil 


41-43' 


57-58O 


Oil 


Oil 


114-115' 


112-113O 


Oil 


Oil 


Oil 


43-440 


Oil 


55-57O 


127-128' 


Oil 


66-68' 


63-65' 


106-107O 


C 51.38 51.62 
H 8.17 7.75 
N 8.56 8.34 
S 29.35 29.11 
C 46.35 46.80 
H 6.43 6.34 
N 6.00 5.85 
S 27.46 27.40 
C 47.81 47.44 
H 4.78 5.12 
N 5.58 5.69 
S 12.75 13.19 
C 52.63 53.02 


7.13 H 7.02 
S 24.56 24.69 
C 50.14 49.80 
H 7.80 7.55 


7.50 N 7.80 
S 26.74 27.01 
C 50.46 50.72 
H 6.54 6.56 . .~ ~~ 


N 13.08 12.93 
S 14.95 15.20 
C 41.76 41.83 
H 2.89 3.32 
N 8.09 8.10 
C 57.41 57.01 


7.40 H 7.18 
N 20.09 19.64 
S 15.30 14.92 
C 53.09 53.54 


7.72 H 7.66 
N 12.39 12.70 
S 18.87 18.66 
C 52.63 53.03 


7.17 H 7.02 
N 12.28 12.41 
S 14.03 13.86 
C 53.66 53.73 
H 5.28 5.35 . _. 


N 11.38 11.15 
C 55.65 55.48 
H 8.98 8.91 
N 12.17 12.34 
C 48.48 48.57 
H 5.66 5.70 ... . 


N 5.66 5.77 
S 12.93 13.21 


49.71 49.92 
H 4.14 4.02 


5.40 N 5.27 
c 54.42 54.73 
H 6.2.1 6.56 
N iiG 11.13 
C 50.20 50.47 
H 7.06 6.80 
N 7.32 7.39 
S 16.73 17.20 
C 63.88 63.65 
H 6.46 6.56 
N 5.32 5.19 
S 12.16 12.03 
C 64.06 63.84 
H 4.98 5.10 
N 4.98 5.01 


The heterocyclic analogs of amphetamine were synthesized by re- 
duction of the intermediate nitropropenes. The nitropropenes were ob- 
tained by a base-catalyzed condensation of aromatic aldehyde and ni- 
troethane (11). Physical constants of the nitropropenes are listed in Table 
I. The nitropropenes were reduced to amphetamines with lithium alu- 
minum hydride (12) (Scheme I). The amines were generally isolated as 
the hydrochlorides. Physical constants of the amines are listed in Table 
11. 


The methanesulfonamides were prepared from reaction of the re- 


spective amines with methanesulfonyl chloride and triethylamine, giving 
up to 97% yields. The trifluoroacetamides were obtained from reaction 
with trifluoroacetic anhydride, with yields up to 90%. The trifluoro- 
methanesulfonamides were obtained from reaction with trifluoro- 
methanesulfonyl chloride and triethylamine. Dark, sticky liquids were 
usually obtained, and they could not be purified by distillation; prolonged 
refrigeration generally produced semisolids that could be recrystal- 
lized. 


The methylthioureas were prepared by reaction of the amine with 


Journal of Pnarmaceutical Sclences / 503 
Vol. 68, No. 5, May 1979 







0 CH, 
butylamine I 


Ar-CH=C-N02 Ar-C-H + CH3CH2NO2 ethanal t 
il 


CH3 
LiAlH. I - Ar--CH,-CH-NHS 


Scheme I 
methyl isothiocyanate. The resulting liquids could not be distilled without 
decomposition. Therefore, the crude products were washed with petro- 
leum ether and thoroughly dried, giving yields of analytically acceptable 
products of about 70%. 


The dithiocarbamates were prepared as the triethylammonium salts 
on reaction of the amines with carbon disulfide and triethylamine. 
Generally, yellow liquids were obtained, and they gave hygroscopic solids 
on washing with anhydrous ether. The compounds were isolated as hy- 
drates, as verified by the 1R spectra (Table 111). 


EXPERIMENTAL' 


Melting points were determined in capillaries with a melting-point 
block2 and are uncorrected. IR absorption spectra were obtained with 
a grating spectrophotometer3. Silica gel TLC was carried out, and 
products were detected by exposure to iodine vapor. 


The aldehydes and nitroethane were commercially prepared4. Meth- 
anesulfonyl chloride5, trifluoromethanesulfonyl chloride5, trifluoroacetic 
anhydride5, methyl is~thiocyanate~, carbon disulfide5, and lithium alu- 
minum hydride in ether6 (1 M) were used as received. 


The following procedures are representative. 
1-(2-ThienyI)-2-nitropropene-A mixture of 56.0 g (0.5 mole) of 


2-thiophenecarboxaldehyde, 37.5 g (0.5 mole) of nitroethane, 90 ml of 
absolute ethanol, and 10 ml of n-butylamine was stirred in the dark a t  
room temperature for 5 days. The resulting yellow crystalline mass was 
filtered and recrystallized from absolute ethanol, giving 37.5 g (44.4% 
yield) of yellow needles, mp 67-68"; IR (KBr): 1640 (C=C), 1510 (NOz), 
and 1300 (NO21 cm-l. 
1-(2-Thienyl)-2-aminopropane Hydrochloride-To 300 ml of an- 


hydrous ether was added 7.6 g (0.2 mole) of lithium aluminum hydride, 
and the mixture was stirred until the hydride dissolved. A solution of 16.8 
g (0.1 mole) of 1-(2-thienyl)-2-nitropropene in 100 ml of anhydrous ether 
was added dropwise a t  such a rate that the capacity of the condenser was 
not exceeded, requiring 30-60 min. The mixture was stirred for 3 hr after 
the addition, the reaction flask was placed in an ice bath, and water was 
added dropwise until hydrogen evolution ceased. 


The ether layer was separated, the solvent was removed by flash 
evaporation, and the product was distilled at 146-150' (20 mm), giving 
5.5 g (39% yield) of amber liquid. Addition of dry hydrogen chloride to 
an ethereal solution of the amine produced the hydrochloride, mp 
149-152'; IR (KBr): 2900-3000 (NH3+) and 720 (ring CH) cm-'. 
N-Methanesulfonyl-l-(2-thienyl)-2-aminopropane-To a cooled 


solution of 2.8 g (0.02 mole) of 1-(2-thienyl)-2-aminopropane in 25 ml of 
benzene were added dropwise, with stirring, 1.67 ml (0.022 mole) of 
methanesulfonyl chloride in 20 ml of methylene chloride and 3 ml(O.022 
mole) of triethylamine in 20 ml of methylene chloride. The mixture was 
stirred at 25' for 15 hr, and the resulting solution was washed with dilute 
hydrochloric acid and water and distilled in uacuo. The residue was re- 
crystallized from ethanol, giving 3.1 g (70.5% yield) of colorless needles, 
mp 63-64'; IR (KBr): 3320 (NH), 1310 (SO*), and 1125 (SOz)  cm-l. 
N-Trifluoroacetyl-l-(2-thienyl)-P-aminopropane-To a cooled 


solution of 4.2 g (0.03 mole) of 1-(2-thieny1)-2-aminopropane in 50 ml of 
benzene was added dropwise, with stirring, 6.7 g (0.03 mole) of trifluo- 
roacetic anhydride. The mixture waa stirred for 3 hr and refrigerated 
overnight. The solvent was removed under reduced pressure, and the 
resulting semisolid was refrigerated. The solid obtained was washed with 
dilute hydrochloric acid and water and recrystallized from dilute ethanol, 
giving 1.1 g (16.4% yield) of colorless needles, mp 59-61"; IR (KBr): 3310 
(NH), 1690 (C=O), and 1160-1180 (CFd crn-'. 
N-Trifluoromethanesulfonyl-l-(2-thienyl)-2-~opropane-T0 


a cooled solution of 2.2 g (0.02 mole) of 1-(2-thienyl)-2-aminopropane 


Elemental analyses were performed by Strauss Microanalytical Laboratory, 


Model 457A, Perkin-Elmer. 


Oxford England. * Me!-Temp. 


4 Aldrich Chemical Co. 
6 Fisher Scientific Co. 
6 Ventron Corp. 


Table IV-Behavioral Effects in Rats 
Dose, 
mg/kg 


Compound PO Observations 


$H L 


I 0 CHI-CH-NH, 


I1 


c"' I1 
CH , CH,-CH-NHiCS- NH(C,H5),' 


XXIV 


XXVII 


XXVIII 


CHa 
CI @~H,--cH-NHso,cH, I 


xxv 


100 
200 
25 
25 
200 
25 
50 
50 
100 


50 


25 
25 
200 


100 
200 
200 
200 


200 
200 
200 
200 


200 
200 
50 
200 
50 
200 
200 
100 


50 


200 
200 
200 


200 
50 
200 
200 


200 
200 
200 
200 
200 


200 
200 
200 


200 
200 


200 


200 


200 


Ataxia 
Bizarre behavior 
High body posture 
Curiosity increase 
Cyanosis 
Exophthalmos 
Hypersensitivity 
Hyperthermia 
Motor activity 


decrease 
Motor activity 


increase 
Mydriasis 
Piloerection 
Placing reflex 


inhibition 
Prostration 
Respiratory distress 
Salivation, tremors 
Stereotyped 


behavior 


Bizarre behavior 
Curiosity increase 
Hyperthermia 
Motor activity 


increase 
Mastication 
High body posture 
Low body posture 
Curiosity increase 
Hypersensitivity 
Hyperthermia 
Lacrimation 
Motor activity 


decrease 
Motor activity 


increase 
Mydriasis 
Piloerection 
Placin reflex 


inhiktion 
Prostration 
Salivation 
Semiprostration 
Stereotyped 


behavior 
Bizarre behavior 
Curiosity increase 
Hyperthermia 
Mastication 
Motor activity 


increase 
Ataxia 
Low body posture 
Grasp reflex 


inhibition 
Hypotonia 
Motor activity 


decrease 
Myotactic reflex 


inhibition 
Myotatic reflex 


inhibition 
Ptosis 


in 25 ml of methylene chloride were added, with stirring, 3.36 g (0.02 mole) 
of trifluoromethanesulfonyl chloride in 20 ml of methylene chloride and 
3 ml (0.022 mole) of triethylamine in 20 ml of methylene chloride. The 
mixture was stirred a t  room temperature for 12 hr, and the resulting so- 
lution was washed with dilute hydrochloric acid and water. 


The solvent was removed under reduced pressure, and the residue was 
dissolved in anhydrous ether and decolorized with charcoal. The solvent 
was removed in a rotary evaporator, and the residue was refrigerated for 
1 week. The resulting semisolid was recrystallized from petroleum ether, 
giving 1.2 g (22% yield) of colorless crystals, mp 35-37'; IR (KBr): 3300 
(NH), 1375 (SOz), 1190 (CF3), and 1145 (SO2) cm-l. 


594 1 Journal of Wmrmaceutical Sciences 
Vol. 68, No. 5, May 1979 







Table V-Antimicrobial Activitv 


Minimum Inhibitory Concentration, 1IM 
Staphylococcus Escherichia Aspergillus Candida 


aureusn Colin nigerb 
Com- (ATCC (ATCC (ATCC 
pound 6538) 1129) 16404) 


IX <lO,OOo <lO,OOo <lO,OOo 
XI <lO,OOo <10,000 <10,000 


XI11 <1,OOo <lO,OOo <lOo,OOo 
XIV <lO,OOo <10,000 <10,000 


XVII <l,OOo - <100,000 
XVIII <lO,OOo <lO,OOo <lO,oOo 


XXI <l,OOo <loo <lO,OOo xxv <lO,OOo <lO,OOo <lO,OOo 
XXVIII <lO,OOo <l,OOo <lOo,OOo 


zole 
Sulfathia- <2,WC 


albicansb 
(ATCC 
10231) 


<100,OOo 
<100,oOo 
<100,000 
<lO,OOo 
<lOo,OOo 
<100,000 
<lOo,OOo 
<lO,OOo 
<100,000 


a Determined in brain heart infusion broth after 24-48 hr at 37O. * Determined 
in Sabouraud broth after 48-78 hr at 2 5 O .  c Reference 15. 


I-Methyl-3-[ l-methyl-2-(2-thienyl)-ethyl]thiourea-A solution 
of 1.125 g (0.025 mole) of methyl isothiocyanate in 10 ml of absolute 
ethanol was added dropwise, with stirring, to a cooled solution of 2.8 g 
(0.02 mole) of 1-(2-thienyI)-Z-aminopropane in 25 ml of absolute ethanol. 
The mixture was refluxed for 12 hr and allowed to cool. The solvent was 
removed in a rotary evaporator under reduced pressure, and the residue 
was washed several times with petroleum ether and dried in uacuo. A 
yield of 3.23 g (75.5%) of viscous oil was obtained; IR (film): 3260 (NH) 
and 1340 (C=S) cm-l. 


Triethylammonium l-Methyl-2-(2-thienyl)-ethyldithiocarba- 
mate-Triethylamine (3.03 g, 0.03 mole) was added, with stirring, to a 
cooled solution of 2.2 g (0.02 mole) of 1-(2-thienyl)-2-aminopropane in 
25 ml of absolute ethanol. To this mixture was added dropwise 2.28 g (0.03 
mole) of carbon disulfide, and stirring was continued for 24 hr. The sol- 
vent was removed in a rotary evaporator, and the yellow residue was 
washed with anhydrous ether and dried in uacuo, giving 4.1 g (64.5% 
yield); IR (film): 2960-2990 (NH+), 1290 (C=S), and 965 (C=S) 
cm-'. 


RESULTS' 


Rats were observed continuously for 6 hr and daily for 7 days after 
dosing (Table IV). The 2-thienyl analog of amphetamine (11) produced 
a behavior pattern similar to that of amphetamine. The dithiocarbamate 
of the 6-methyl-2-pyridyl analog (XXIV) showed few behavioral effects. 
The methylthiourea of the p-chloro analog (XXVII) also showed many 
behavioral effects of amphetamine, whereas the methanesulfonamide 
(XXV) and the dithiocarbamate (XXVIII) showed fewer of these ef- 
fects. 


Passive cutaneous anaphylaxis tests were conducted for XIV, XVII, 
XXII, and XXV. No inhibition was seen except for XVII, which gave 31% 
inhibition at  a 5.0-mgkg dose. Antiarthritic activity of X, XV, XVIII, 
and XXVI was observed uia the adjuvant-induced arthritis test. A sig- 


' Behavioral obaervatiom, antiarthritic teats, passive cutaneous .?riaphylaxis tests. 
and papillary muscle contractile force measurements were carried out at Smith 
iKline and French Laboratories through the courtesy of Dr. Blaine Sutton. 


nificant decrease in the inflamed hindleg volume of the treated rat was 
found for XXVI at  a 50-mg/kg dose. 


Blood pressure effects have not been determined yet for these com- 
pounds, but I11 gave a significant increase (42%) in papillary muscle 
contractile force in uitro at  a l.lO-pg/ml dose. No arrhythmia was pro- 
duced. 


Tests for antimicrobial activity were also carried out by both the agar 
plate method and in uitro serial dilution (Table V). Results are expressed 
in terms of the minimum inhibitory concentration (1/M) of compound 
for inhibition of 24-hr broth cultures of Gram-positive and Gram-negative 
bacteria, a mold, and a yeast. Appreciable activity was observed against 
Candida albicans for most of the compounds tested and against Asper- 
gitfus niger for the dithiocarbamates. Previously, thiourea and dithio- 
carbamate derivatives of 8-phenethylamine and (-substituted 8-phen- 
ethylamines showed significant antimicrobial activity against these or- 
ganisms (2). 
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Abstract 0 The effect of lidocaine and five derivatives on the time of 
overturn and time of death was examined in goldfish. A relationship 
between the minimum effective concentration of drug necessary to pro- 
duce the pharmacological response and the partition coefficient between 
n-heptane or n-octanol and pH 7.4 buffer was found. Further investi- 
gations confirmed that, in goldfish, the nonionized local anesthetic agent 
is solely responsible for the observed effects on overturn time and time 
of death. Experiments performed to determine the amount of drug in the 
goldfish at  the time of pharmacological response indicated that, for five 
of the six compounds studied, the same concentration of drug was found 
in the fish at the time of response. This finding supports the observation 
that, for the compounds studied, the critical concentration of drug in the 
goldfish necessary to produce a given response is identical, the difference 
in time of response being due to differences in absorption rate. The re- 
lationship between overturn time and time of death in goldfish was ex- 
amined, and linear regression of l/time of death uersus lhverturn time 
yielded 1/Tn = 0.2860(1/To) + 0.0001 ( r  = 0.9648). The relationship 
between overturn and death may simply be a function of the amount of 
drug in the fish at  the time of the pharmacological response, and the re- 
lationship between the amounts of the drug in the fish at the two end- 
points may be constant regardless of the derivative evaluated. 


Keyphrasea 0 Lidocaine-effect on time of death in goldfish, effect on 
time of overturn in goldfish, derivatives, ionization, absorption 0 Gold- 
fmh-effect of lidocaine and derivatives on times of death and overturn, 
effect of pH on times of death and overturn 0 Toxicity-lidocaine and 
derivatives, use of goldfish as biological models 


Goldfish may be used as biological models for the as- 
sessment of absorption and toxicity of chemical com- 
pounds and for the elucidation of the physical-chemical 
parameters of a pharmacological response (1-6). Goldfish 
were used as a model for the assessment of structure- 
toxicity relationships between substituted phenothiazines 
(4); differences in toxicity may have been due to differences 
in absorption. Goldfish also were used to study the effects 
of alkyl chain length on biological activity for n-alkyl esters 
of p-aminobenzoic acid (5). The activity of local anesthetic 
agents was studied using goldfish, and a possible rela- 
tionship between the minimum effective concentration 
(MEC) of drug in the bathing solution and the minimum 


blocking concentration of the same anesthetic agent on 
isolated nerve and muscle fibers was observed (6). 


Whenever goldfish are used as biological models, the 
investigator has the choice of two common pharmacolog- 
ical end-points: the overturn time, defined as the loss of 
the righting reflex, or the time of death, defined as the 
complete cessation of gill and mouth movements. This 
report evaluates the activity of lidocaine and a series of 
lidocaine derivatives in producing overturn and death and 
examines the relationship between these two end- 
points. 


EXPERIMENTAL 


Goldfish of the variety Carassius auratus, 2-4 g, were used initially. 
The overturn and death times of individual goldfmh in 200 ml of a solution 
of lidocaine and its derivatives' in pH 7.4 phosphate buffer (0.05 M) were 
determined. All solutions were freshly prepared before each experiment. 
The goldfish tank and test solutions were maintained a t  22 f 2O. 


The overturn and death times of individual goldfish in 200 ml of various 
concentrations of lidocaine and benzocaine2 in 0.05 M phosphate buffer 
in solutions of varying pH were also determined. 


Partition coefficients of lidocaine (I)  and each derivative (11-VI) were 
determined between n-octanol and pH 7.4 phosphate buffer (0.05 M). 
Various volumes of organic phase and 20 ml of aqueous phase containing 


I :  R, = H, R, = R, = C,H, 
11: R, = H, R, = R, = CH, 


V: R, = CH,, R, = R, = C,H, 


111: R, = R, = R, = CH, 
IV:  R ,  = H, R, = CH,. R, = C,H, 


VI: R, = CH,, R, = C,H,. R, = C,H, 


I Supplied by Astra Pharmaceuticals, Worcester. Mass. 
Eastman Organic Chemicals, Rochester, N.Y. 
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Table I-Average Overturn Time of Goldfish in Solutions of 
Local Anesthetic Agents in DH 7.4 Buffer 


Table  11-Average Death Time of Goldfish in Solutions of Local 
Anesthetic Aeents  in DH 7.4 Buffer 


Concen- Number Mean Reciprocal of 
Com- tration, of Overturn Mean Overturn 
pound mM Fish Time, rnin S D  Time.min-' 


0.2 
0.3 
0.5 
0.7 
0.8 
0.9 
1.0 
1.1 
1.2 
0.8 
1 .o 
1.1 
1.2 
1.5 
0.5 
0.8 
1 .o 
1.2 
1.4 
1.5 
0.5 
0.8 
1 .o 
1.1 
1.2 
0.3 
0.5 
0.8 
I .O 
1.2 
0.1 
0.3 
0.5 
0.8 
1 .o 


5 
5 


13 
5 
3 
5 


26 
6 
6 
3 
3 
3 
3 
3 
5 
5 
8 
6 
3 
3 
3 
3 
3 
3 
6 
3 
3 
6 
3 
3 
8 
9 


11 
6 
6 


93.11 
53.36 
16.26 
17.33 
3.34 
4.26 
4.16 
2.&2 
1.56 


70.86 
44.69 
31.98 
16.22 
13.22 
25.46 
19.02 
12.48 
11.43 
10.80 
13.53 
22.61 
12.22 
9.54 
9.85 
7.78 


20.50 
3.30 
2.96 
2.66 
1.15 
9.42 
3.09 
1.24 
1.17 
0.70 


10.21 0.0107 
8.26 0.0187 
8.19 0.0615 
1.51 0.0577 
0.77 0.2977 
2.09 0.2347 
3.62 0.2402 
1.40 0.3817 
0.54 0.6397 


22.69 0.0141 
11.26 0.0224 
12.38 0.0313 
4.66 0.0616 
7.44 0.0757 
5.79 0.0393 
4.62 0.0526 
3.57 0.0801 
2.96 0.0875 
5.59 0.0926 
4.31 0.0739 
9.61 0.0442 
0.19 0.0819 
4.35 0.1048 
3.97 0.1016 
5.89 0.1285 


16.02 0.0488 . . .~ 


0.65 0.3028 
1.35 0.3384 
0.66 0.3759 
0.49 0.8673 
5.28 0.1062 
1.75 0.3233 
0.51 0.8097 
0.36 0.8562 
0.21 1.4389 


(I W36017. W36024. W36004. W36023. W36032. 


the local anesthetics were placed in glass bottles and shaken3 for a min- 
imum of 16 hr a t  100 oscillations/min. Equilibrium was established by 
repetitive sampling. Assay for each drug in the aqueous phase was per- 
formed spectrophotometrically4 a t  262 nm. All determinations were 
performed a t  room temperature (22 f 2'). 


The amounts of drug in individual fish at  the pharmacological end- 
points (overturn and death) also were determined. Fish weighing 4 4  g 
were placed in 200 ml of 0.5,l.O. or 1.5 mM solutions of lidocaine or 1.0 
mM solutions of derivatives buffered to pH 7.4 with a 0.05 M phosphate 
buffer. All experiments were performed at room temperature (22 f 2'). 
At the time of overturn, fish were removed from solution and washed with 
100 ml of distilled water. 


Whole fish were then sectioned and placed in vials, and 5 ml of distilled 
water and 2.0 ml of a 2 N NaOH solution were added; the fish were ho- 
mogenized5 and the vial was rinsed with 5 ml of distilled water, which was 
added to the homogenate. Samples were centrifuged6 a t  10,000 rpm for 
10 min, and the supernate was added to 20 ml of carbon tetrachloride and 
shaken7 for 5 min. The aqueous layer was aspirated, and the organic layer 
was filtered. The sample was added to 10 ml of distilled water as a wash 
and shaken for 5 min. 


The aqueous layer was removed, and 10 ml of the organic layer was 
added to an equal volume of a 0.004% bromthymol blue solution buffered 
to pH 6.0 with a 0.05 M phosphate buffer. This mixture was shaken for 
6 min and centrifuged8 at 4000 rpm for 6 min. The aqueous layer was 
aspirated, and 5 ml of the organic layer was added to 5 ml of a 0.1 N 
NaOH solution. Then this mixture was shaken for 5 min and centrifugedQ 
a t  2000 rpm for 5 min. The top layer was read a t  615 nm4. 


Calibration plots were obtained by adding known amounts of each drug 
and 5 ml of distilled water to vials containing a sectioned fish and 1 ml 


Precision water bath shaker model 25, Precision Scientific Co. 
Perkin-Elmer model 124. 
Brinkmann Polytron. 
Sorvall HC-5 superspeed refrigerated centrifuge. 
Eherhach shaker unit, model 6OOO. 
Damon/IEC Division model HN-S centrifuge. 
Clay Adams Dynac centrifuge. 


Reciprocal 
Number Mean of Mean 


Com- Concen- of Death Death 
pound tration, mM Fish Time, min SD Time, min-I 


I 0.2 
0.3 
0.5 
0.7 


IV 


0.8 
0.9 
1 .o 
1.1 
1.2 
0.8 
1.0 
1.1 
1.2 
1.5 
0.5 
0.8 
1.0 
1.2 
1.4 
1.5 
0.5 
0.8 
1.0 
1.1 
1.2 


V 0.3 
0.5 
0.8 
1 .o 
1.2 


VI 0.1 
0.3 
0.5 
0.8 
1.0 


5 138.22 
5 86.35 


13 38.64 
5 40.43 
3 15.48 
5 12.58 


26 13.20 
6 9.96 
6 7.31 
3 216.77 
3 132.55 
3 46.68 
3 69.07 
3 34.85 
5 130.59 
4 67.55 
6 73.33 
6 40.02 


3 46.68 
3 69.07 
3 34.85 - 
5 130.59 
4 67.55 
6 73.33 
6 40.02 
3 36.08 
3 36.92 
3 73.82 
3 33.03 
3 30.87 
3 20.18 
6 19.68 
3 41.33 
3 16.55 
6 9.91 
3 9.68 
3 4.85 
8 40.65 
9 10.55 


11 6.73 
6 3.28 
6 2.11 


33.52 
16.27 
15.90 
5.99 
6.59 
3.88 
8.91 
4.28 
1.56 


11.82 
43.29 
14.47 
20.71 


2.86 
96.62 
45.29 


3.48 
14.61 
21.45 
7.31 


22.97 
13.82 
5.94 
6.73 


13.55 
23.46 


2.88 
3.82 
2.52 
0.33 
7.48 
5.66 
1.60 
1.22 
0.73 


0.0072 
0.0115 
0.0259 
0.0247 
0.0646 
0.0795 
0.0768 
0.1004 
0.1369 
0.0046 
0.0075 
0.0214 
0.0145 
0.0287 
0.0077 
0.0148 
0.01 36 
0.0250 
0.0277 
0.0271 
0.0136 
0.0302 
0.0324 
0.0496 
0.0508 
0.0242 
0.0604 
0.1010 
0.1033 
0.206 1 
0.0246 
0.0948 
0.1485 
0.3049 
0.4735 


of 2 N NaOH. Blanks were run for each experiment and consisted of 5 
ml of distilled water added to a sectioned fish and 1 ml of 2 N NaOH. 
Although nonlinearity was observed a t  some high drug concentrations, 
all determinations were made in the linear portion of the absorbance 
uersus concentration plots. 


THEORETICAL 


The Levy-Gucinski (7) model assumes that the absorption rate of drug 
into the fish is proportional to the drug Concentration in the bathing so- 
lution: 


R = K C  (Eq. 1) 


where R is the absorption rate into the fish, K is the relative absorption 
rate constant, and C is the drug concentration in the bathing solution. 


If the drug concentration in the aqueous medium is high enough to 
elicit the pharmacological response before any appreciable amount 
undergoes biotransformation or elimination, then the drug concentration 
in the fish is equal to: 


C i  = Rt* (Eq. 2) 


where C> is the drug concentration in the fish at  the time ( t * )  o f  the 
pharmacological response. Substituting for the absorption rate in Eq. 
2 yields: 


C> = KCt* (Eq. 3) 


which, upon rearrangement, is equivalent to: 


l/t* = ( K / C > ) C  (Eq. 4) 


Therefore, plots of reciprocal time of response as a function of drug 
concentration in the aqueous medium should be linear, pass through the 
origin, and have a slope equal to the absorption rate constant divided by 
the drug concentration in the fish necessary to produce the desired 
pharmacological response. 


The Nightingale-Gibaldi (8) model extends the previous model to 
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Table 111-Linear Least-Squares Regression of Reciprocal Time of Response as a Function of Concentration 


Least-Squares Least-Squares 
Compound Equation-Overturn r r2 Equation-Death r r2 


I 1/T = 0.5191C - 0.1704 0.8761 0.7676 1/T = 0.119OC - 0.0301 0.9408 0.8851 
I1 1/T = 0.0965C - 0.0670' 0.9456 0.8942 1/T = 0.0345C - 0.0233 ' 0.9031 0.8156 


111 1/T = 0.0461C + 0.0217 0.8360 0.6989 1/T = 0.0211C - 0.0032 0.9536 0.9094 


V 1/T 0.7221C - 0.1622 0.8844 0.7822 1/T = 0.1742C - 0.0334' 0.9322 0.8690 
v1 1/T = 1.3680C - 0.0318 0.9616 0.9247 l / T  = 0.4841C - 0.0521 0.9799 0.9602 


IV 1/T = 0.1112C - 0.0101 ' 0.9791 0.9586 1/T = 0.0532C - 0.0136' 0.9591 0.9199 


a Intercept significant. p < 0.05. Intercept significant, p < 0.01. 


include the minimum effective concentration (MEC) of drug in the 
bathing solution below which no pharmacological response occurs and 
in the vicinity of which there is a disproportionate increase in the time 
of the pharmacological response. With the assumption that the occur- 
rence of the pharmacological response is absorption rate limited, Scheme 
I has been proposed 


A ,  L!?LB 
KZI 


Scheme I 


where A is the drug solution bathing the fish, B represents the fish, K12 
is the absorption rate constant into the fish, and Kz1 is the exsorption 
rate constant out of the fish. Therefore, the rate of change of drug in the 
bathing solution can be written as: 


dXA/dt = KzlXiq - K ~ z X A  (Eq. 5) 


0%. 6) 


and the rate of change of drug in the fish is: 


dXeldt = K I Z X A  - K Z I X B  


Integration of Eq. 6 yields: 


which is equivalent to: 


I t  follows that: 


and: 


(Eq. 13) 


(Eq. 14) 


x B  = K12X' 11 - e-(l<l2+~21)t] (Eq. 7) 


where X B  is the amount of drug in the fish at any time ( t )  and X !  is the 
initial amount of drug in the bathing solution. Changing the amounts to 
concentrations and rearranging yield 


(Ki2 + Kzd 


0%. 8) 
KCX - CB e-(K12+K21)1 = 


KC! 
where C represents the drug concentration in the respective compart- 
ments, K = [K12VA/(K12 + Kz1)Viq], VA is thevolumeofthedrugsolu- 
tion in the bathing solution, and VB is the volume of the fish. 


If the concentration of drug in the fish, CB, reaches the level necessary 
to produce the C; effect a t  time t *, then Eq. 9 or 10 is applicable: 


(Eq. 9) 


(Eq. 10) 


KCX - Ck 
KC! 


e-W12+K21)1 = 


K12 + K Z I  llt* = 
KCX 


KCX - Ck 
In 


Equation 10 can be approximated by (8): 


l/t* = (Eq. 11) K(Kiz  + Kzi)C! - K I Z  + Kzi 
2 c;, 


.- 0 . 1 6 1 ~ 1  , 0.041 , , 0 .041 ,  fi;d, 


i 
E 0.08 0.02 0.02 


c 
0 


0.8 1.6 1.0 2.0 0.8 1.6 
LT 


0 
.- 0.06 0.6 . 


0.6 1.2 0.6 1.2 0.8 1.6 
CONCENTRATION, mM 


Figure 1-Plot of the reciprocal of overturn time in goldfish versus 
concentration of local anesthetic. 


where XL is the amount of drug in the fish at  the time of the pharmaco- 
logical response. Therefore, a plot of llt * as a function of the initial drug 
concentration in the bathing solution should be linear with a slope equal 
to K I ~ V A / X L  and an intercept equal to - ( K ~ z  + K21)/2. 


RESULTS AND DISCUSSION 


The concentrations of drugs employed in the study, number of fish used 
at  each concentration, mean time of response, standard deviation, and 
reciprocal of the mean time of response are listed in Tables I and I1 for 
overturn and death, respectively. The data were analyzed by least-squares 
linear regression according to the relationship expressed in Eqs. 11-14; 
the values for the slope, intercept, correlation coefficient, and coefficient 
of determination are listed in Table 111. 


Figures 1 and 2 illustrate the relationship between the reciprocal of 
the mean time of response and the concentration of drug in the bathing 
solutions for overturn and death times, respectively. Table I11 indicates 
a strong relationship between the reciprocal time of response and the drug 
concentration in the bathing medium. Unexplained variability may have 
been due to variations in goldfish from different suppliers. 


To investigate the effect of pH on overturn and death time, goldfish 
were placed in various concentrations of lidocaine solutions buffered to 
various pH values with 0.05 M phosphate buffers (Table IV). Goldfish 
were also placed in a pH 6.0 phosphate buffer (0.65 M) containing either 
a 1.0 or 1.2 mM lidocaine solution. No death responses were evident after 
4 hr. Responses for overturn were elicited at  the 1.2 mM concentration, 
but only three of five fish demonstrated overturn at  the end of 4 hr at 1.0 
mM. 


Figure 3 is a plot of the reciprocal time of response as a function of pH 
for the 0.8 mM concentration of lidocaine. As the pH of the bulk solution 
decreased, the reciprocal time of response increased. At pH 6.0,7.0,7.4, 
and 8.0, lidocaine existed approximately as 2,16,32, and 65% unionized 
species, respectively. Plots of the reciprocal time of response as a function 
of the fraction unionized species present for lidocaine at the 0.8 mM 


"":"1/. F 0.02 , j,7& , ;;1/n, 


0.6 3.2 1.8 0.6 1.2 1.8 0.8 1.6 
CONCENTRATION, mM 


Figure 2-Plot of the reciprocal of time of death in goldfish versus 
concentration of local anesthetic. 
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Table IV-Effects of pH on Time of Response of Goldfish in Lidocaine Solutions 


0 
0.15 


F J a 
V 
0 
a 0.09 0, :: a 


0.03 


pH 7 pH 7.4 pH 8.0 
Reciprocal 


mM Time,min n SD Time,min-' Time,min n SD Time,min-' Time,min n SD Time,min-' 


0.5 - _ _  - 16.26 13 8.19 0.0615 2.48 5 1.01 0.4033 
0.8 6.96 5 1.78 0.1437 3.34 3 0.77 0.2994 1.82 5 0.84 0.5495 
1 .o 9.84 5 3.27 0.1016 4.16 26 3.62 0.2402 1.26 5 0.18 0.7937 
1.2 8.52 5 3.01 0.1174 1.56 6 0.54 0.6397 3.55 5 2.62 0.2817 


Mean Reciprocal Mean Reciprocal Mean 
Concentration, Overturn Overturn Overturn Overturn Overturn Overturn 


- 
Y 


/ 0 0  


- 
0 


- f' dwth 
/ , 


pH 7 pH 7.4 pH 8.0 
Mean Reciprocal Mean Reciprocal Mean Reciprocal 


mM Time,min n SD Time,min-' Time,min n SD Time,min-l Time,min n SD Time,min-' 
Concentration, Death Death Death Death Death Death 


0.5 - _ _  - 38.64 13 15.90 0.0259 11.59 5 3.86 0.0863 
0.8 30.23 5 1.85 0.0331 15.48 3 6.59 0.0646 7.35 5 1.36 0.1361 
1 .o 25.96 5 7.99 0.0385 13.20 26 8.91 0.0758 6.00 5 0.53 0.1667 
1.2 16.15 5 2.34 0.0619 7.31 6 1.56 0.1369 5.24 5 0.77 0.1908 


concentration (Fig. 4) suggest that the unionized drug may be responsible 
for producing the observed effects. Plots of the reciprocal time of response 
as a function of the concentration of unionized species present are shown 
in Fig. 5. The least-squares linear regression for the overturn datalo is: 
Uoverturn time = 1.388 [concentration unionized] + 0.0949 ( r  = 0.9334, 
p < 0.01); that for death is: Udeath time = 0.2550 [concentration un- 
ionized] + 0.0025 ( r  = 0.9689, p < 0.01). T o  rule out the possibility that 
the observed effects were a result of pH-induced changes in membrane 
permeability rather than of unionized drug species, experiments were 
performed utilizing various concentrations of benzocaine over a pH 6-8 
range (Table V and Fig. 6). Benzocaine exists virtually 100% as the un- 
ionized species in this pH range. No apparent trend exists in the data for 
the reciprocal time of response for equal concentrations of drug as a 
function of pH. This result indicates that  pH changes are not affecting 
membrane permeability and that the unionized species is responsible 
for the effects observed. 


The concentrations of drug found in the fish from three different 
bathing concentrations a t  the times of overturn and death are listed in 


0.81 


1 overturn 


B I A*- 


PH 
Figure 3-Plot of the reeiproeai time of response in goldfish versus pH 
for a 0.8 mM solution of lidocaine. 


' 0  The data point for the 0.78 mM concentration of unionized drug was omitted 
from the regression analysis. 


Table V1. There was no significant difference (p > 0.05) in concentrations 
of drug in the fish a t  the time of the pharmacological response, regardless 
of the concentrations of lidocaine employed as the bathing solution. 


The concentrations of derivatives found in the fish a t  the time of the 
pharmacological response to 1 mM concentrations of the derivatives are 
presented in Table VII. A significant difference ( p  < 0.05) existed be- 
tween the amounts in the fish a t  overturn and death. Compound VI was 
the only drug whose concentration was significantly different from the 
others a t  the time of the pharmacological response. Compound VI dif- 
fered significantly from all of the other compounds a t  the dosage causing 
overturn and from I, 11, and 111 a t  the lethal dose. 


The minimum effective concentration (MEC) of the bulk solution is 
the concentration below which no response will occur. Theoretically, this 
value should be the abscissa intercept of a reciprocal time of response as 
a function of concentration plot. The MEC of the bulk solution was cal- 
culated by setting the ordinate value to zero and calculating what the 
concentration of the bulk solution would be a t  that point. If the unionized 
drug molecule is responsible for the effects observed, then the MEC thus 
calculated are incorrect; the derivatives have different pKa values and, 
therefore, different fractions unionized a t  pH 7.4. 


Table VIII contains the apparent MEC, the pKa of the compounds, 
the fraction unionized of the compounds a t  pH 7.4, and the MEC of un- 
ionized species. Some obvious discrepancies are apparent. The least- 


0.81 


FRACTION UNIONIZED 
Figure 4-Plot of the reciprocal time of response in goldfish versus 
fraction of drug unionized for a 0.8 mM solution of lidocaine. 
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Table V-Reciprocal of Overturn and Death Times for Benzocaine as a Function of Concentration. and pH 
pH 6.0 pH 7.0 pH8.0 . 


Mean Reciprocal Mean Reciprocal Mean Reciprocal 
Concentration, Overturn Overturn Overturn Overturn Overturn Overturn 


mM Time, min SD Time, min-l Time, min SD Time, min-l Time, min SD Time, min-1 


0.1 3 1.63 4.16 0.0316 18.09 6.32 0.0553 23.83 8.57 0.0420 
0.2 8.66 0.80 0.1155 10.12 2.54 0.0988 10.32 1.87 0.0920 
0.3 5.79 0.99 0.1727 5.18 2.25 0.1931 5.86 2.63 0.1718 
0.4 3.33 1.11 0.3003 1.98 0.53 0.5051 . 2.43 0.73 0.4115 


pH 6.0 pH 7.0 pH 8.0 
Mean Reciprocal Mean Reciprocal Mean Reciprocal 


mM Time, min SD Time, min-l Time, min SD Time, min-' Time, min SD Time, min-1 
Concentration, Death Death Death Death Death Death 


0.1 -b - - -b - - -b - - 
0.2 28.58 9.26 0.0350 43.40 12.44 0.0230 39.43 9.25 0.0254 
0.3 12.30 2.07 0.0813 15.20 4.92 0.0658 14.08 1.60 0.0710 
0.4 9.68 1.80 0.1033 9.21 3.26 0.1086 8.50 2.31 0.1176 


Five fish used a t  each concentration. b No response a t  end of 4 hr. 


Table VI-Concentration I C',P of Lidocaine in Goldfish at Time of Pharmacological Resuonse 


Overturn Death 
Time of Time of 


Concentration, Number of I Response, Number Response, 
mM Ci, r m k  SD Fish min SD C',,pmlg SD of Fish min SD 


0.5 0.3072 0.0781 5 6.89 1.69 0.5664 0.1030 4 20.58 2.21 
1 .o 0.4984 0.1448 5 2.01 0.36 0.6545 0.3082 5 7.74 2.03 
1.5 0.3395 0.1323 4 2.05 0.26 0.7185 0.3162 4 8.14 2.11 


Analysis of Variance for Unequal Data Sets 


Overturn Death 
Source of Variation df ss MS F Significance df SS MS F Sign if icance 


Between concentrations 2 0.1028 0.0514 3.52 NS (p > 0.05) 2 0.0468 0.0234 0.3297 
Within concentrations 11 0.1609 0.0146 10 0.7118 0.0718 NS ( p  > 0.05) 
Total 13 0.2637 12 0.7586 


C', = X',/V,, where Xi is the amount of drug in the fish a t  the pharmacological end-point and V, is the weight (grams) of the fish. 


Table VII-Concentration of Derivatives (Ci) in Goldfish at Time of Pharmacological Response 
Overturn Death 


Time of Time of 
Number Response, Number Response, 


Compound Ci, pmlg SD of Fish min SD Cia, pmlg SD of Fish min SD 
~~ ~ 


I 0.4984 0.1448 5 2.01 1.69 0.6545 0.3082 5 7.75 2.03 
I1 0.2981 0.1460 5 61.82 8.92 0.5466 0.2583 5 94.08 38.02 


0.3757 0.0974 5 16.68 6.71 0.6418 0.1047 4 42.80 10.46 
IV 0.3235 0.0765 5 10.14 2.24 0.4975 0.1647 5 30.24 5.90 
I11 
V 0.3805 0.1900 3 2.97 0.50 0.6689 0.1909 4 9.27 1.02 


VI 0.0634 0.0513 4 0.75 0.14 0.2324 0.0812 5 2.19 0.53 


Analysis of Variance for Unequal Data Setsb 


Source of Overturn Death 
Variation df ss MS F SignificanceC df ss MS F Significance 


Between drugs 5 0.4495 0.0899 6.07 p < 0.05 5 0.6537 0.13074 3.11 p <0.05 
Within drugs 21 0.3109 0.0148 22 0.9248 ' 0.04201 
Total 26 0.7604 27 1.5785 


0 C', = X',/V , where X' is the amount of drug in the fish a t  the pharmacological end-point and V, is the weight (grams) of the fish. Homogeneity of variance tested 
using f,, = S~la rges t /S~~smal l e s t  a t  the 95% confidence level. For overturn, Fma= = 14.5 ( p  > 0.05); for death, F,, = 13.57 ( p  > 0.05). Newman-Keuls method with 
a harmonic mean to compensate for unequal data sets (9). 


Table VIII-Minimum Effective Concentration (MEC) in Goldfish for Lidocaine and Derivatives- 
Com- Fraction Unionized MEC, mM-Overturn, MEC, mM-Death, 
pound pKa at  pH 7.4 MEC, mM-Overturn Unionized Species MEC, mM-Death Unionized Species 


7.72 0.3246 0.328 0.106 0.253 0.082 
0.417 0.675 0.406 


I 
- 0.152 0.088 


0.6015 I1 7.22 
7.26 0.5798 
7.53 0.4273 0.091 0.039 0.256 0.109 


I11 
7.98 0.2083 0.225 0.047 0.192 0.029 


IV 
VI 7.88 0.2487 0.023 0.006 0.108 0.027 
v 


0.694 
- 
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CONCENTRATION OF UNIONIZED DRUG, mM 
Figure 5-f%t of the reciprocal time of response in lidocaine in goldfish 
versus concentration of unionized drug for all pH values studied. 


0.61 overfurn 


A 


6 7 8 
PH 


Figure 6-Plot ofthe reciprocal time of response in goldfish versus pH 
for varying concentrations of brnzocaine. Key: 0,0. I mM; 0 , O . Z  mM; 
A, 0.3 mM; and A, 0.4 mM. 


Table IX-Least-Squares Analysis Reciprocal Time of Death as 
a Function of Reciprocal Time of Overturn 
Comoound Least-Sauares Eauation r Significance 


1 1/TD = 0.2077 1/To + 0.0136 0.9732 p < 0.01 
11 1/TD = 0.2944 1/To + 0.0032 0.7852 N.S. 


I11 117'0 = 0.3205 1/To - 0.0034 0.7975 N.S. 
IV ~ / T D  = 0.4414 1/To - 0.0053 0.9029 p < 0.05 
V 1/TD = 0.2242 1/To + 0.0124 0.9837 p < 0.01 


VI 1/TD = 0.2309 1/To - 0.0246 0.9528 p < 0.05 


squares estimate of the MEC for I11 was omitted since it produced a 
physically impossible negative MEC. Furthermore, the MEC for overturn 
was apparently greater than that for death for I, 11, and V, which again 
is physically impossible. And, finally, the MEC values calculated for 
overturn and death for I and for death for VI were larger than concen- 
trations that produced a pharmacological response in the fish in this 
study. Thus, the MEC values of the drugs calculated in the present in- 
vestigation are simply statistically generated numbers with high vari- 
ability and questionable physical significance. 


Overturn and death times were investigated to determine whether a 
relationship exists between the two end-points such that selection of one 
over the other wnuld change the interpretation of the data. The possibility 
exists that these responses are mediated a t  physically and chemically 
distinct effective receptor sites. Overturn might be mediated by local 
muscle paralysis while death might be a result of central nervous system 
(CNS) depression. 


Linear regression analysis was performed on individual data for the 
reciprocal of overturn time (Table IX). Reasonable predictions of the 
reciprocal of time of death can be obtained from the reciprocal of overturn 


I 
0.85 1.5 


1lOVERTURN TIME, min-' 
Figure 7-Plot ofthe reciprocal of time of death ingoldfish versus the 
reciprocal time of overturn in goldfish for all compounds studied. 
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Table X-Ratio of Amounts in Fish at Overturn and Death 


Compound Ratio (X&, /XiD)  
I 0.590 


I1 0.545 
111 0.585 
IV 0.650 
V 0.569 


VI 0.273 
Mean 0.535 


time at  that concentration. The apparent slopes do not differ much, and 
the intercepts are scattered about zero, indicating that all of the data may 
be grouped together. Linear regression of the combined data gave: ~ / T D  
= 0.286O(l/To) + O.OOO1 ( r  = 0.9648,~ < 0.01), where TD and To are the 
lethal and overturn times, respectively. A plot of ~ / T D  versus 1/To is 
presented in Fig. 7. 


For all data, there appears to be a linear relationship between the re- 
ciprocals of the time of response end-points a t  each concentration (Fig. 
7). Pharmacologically, this finding suggests a simple relationship between 
the concentrations inducing narcosis and death. Where bulk solution 
concentrations are sufficiently high to make the MEC values negligible. 
the slope of ~ / T D  versus 1/To is approximately equal to: 


a n d  


(Eq. 16) 


Table X contains the ratio of the amount of each drug in the fish at  the 
time of response, which may be regarded as a direct estimate of the nar- 
cosis to death ratio. The average value of the ratios is approximately 0.54. 
However, the value of the slope in Fig. 7, a second estimate, is only 0.29. 
The agreement between these two independent estimates is rough at  best. 
The direct estimate assumes that the total fish concentration reflects the 
concentration in the critical CNS tissues a t  the moment the fish are re- 
moved from the drug solution, which may not be the case. Therefore, the 
pharmacological ratio would be the better estimate of the turnover to 
death concentration ratio. This fundamental point is worthy of more 
research. 
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Synthesis and Antimicrobial Evaluation of 
Quaternary Salts of 4-Phenyl-l,2,3,6-tetrahydropyridine and 
3,6-Dimethyl-6-phenyltetrahydro-2H- 1,3-0xazine 
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Abstract 0 Fifteen predominantly alkyl bromide quaternary salts of 
1-substituted 4-phenyl-1,2,3,6-tetrahydropyridine and 10 from 3,6- 
dimethyl-6-phenyltetrahydro-2H-1,l-oxazine were synthesized. None 
was effective against the parasitic protozoan Eimeria tenella and the 
helminth trichostrongyle nematode. Nearly all inhibited Gram-positive 
and Gram-negative bacteria; maximum efficiency was obtained with 
nonyl through dodecyl bromide salt derivatives. Antifungal effectiveness 
paralleled these results. The oxazinium salt analogs were inhibitory in 
an in uitro peridontal microorganism screen. The decyl bromide deriv- 
ative at 0.05% in drinking water prevented dental plaque and reduced 
calculus deposition in rats but not in hamsters fed cariogenic diets. A 
0.01% concentration of the tetrahydropyridinium analog caused increased 
plaque in rats compared to nonmedicated control animals. 


Keyphrases 4-Phenyl-1,2,3,6-tetrahydropyridine quaternary 
salts-synthesis and antimicrobial evaluation 3,6-Dimethyl-6-phen- 
yltetrahydro-2H-l,3-oxazine quaternary salts-synthesis and antimi- 
crobial evaluation Antimicrobial activity-quaternary salts of 4- 
phenyl-1,2,3,6-tetrahydropyridine and 3.6-dimethyl-6-phenyItetrahy- 
dro-SH-l,3-oxazine 


Two heterocyclic nitrogen bases, 1-methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine and 3,6-dimethyl-6-phenyl- 
tetrahydro-2H-1,3-oxazine, are readily accessible from the 
reaction of a-methylstyrene, formaldehyde, and methyl- 


amine salts (1) among other processes. Both compound 
types have served as moieties of synthetic drugs, e.g., an- 
algesics (2) and antineoplastic agents (3). Quaternary 
N-alkyl salt derivatives of the two bases appeared at- 
tractive as potential antimicrobials; in addition to the 
microbial cell wall degradative capability of the widely 
used cationic quaternary ammonium compounds (4), such 
novel products could have a possible mechanism for 
formaldehyde release initiated by Hofmann elimination. 
The inhibitory action of some preservatives, disinfectants, 
and antiseptics such as 1,3,5-trisubstituted hexahydro- 
s -triazines and methenamine compounds is considered 
attributable in part to a latent source of formaldehyde 
(5). 


RESULTS AND DISCUSSION’ 


Thirteen quaternary salts of the tetrahydropyridine (Table I )  were 
synthesized by alkylation with C-1-C-18 alkyl halides, decamethylene 


1 Tests for biological activities were carried out by divisions of Merck & Co., 
Rahway, N.J. 
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Figure 3-Percentage change from Group A in mean serum cholesterol 
of chicks in stigmasterol experiment. 


serum and liver cholesterol values. The coloration of livers closely par- 
alleled the serum cholesterol concentration. 


Consistent with the literature (1-3,7-11), the results of these experi- 
ments illustrate the potent antihypercholesterolemic activity of choles- 
tyramine and j3-sitosterol. Furthermore, the antihypercholesterolemic 
activity of these two compounds appears to be of the same order of 
magnitude, as reported previously (7,12-14). 


Although present in the diet of Groups C and D, neither j3-sitosterol 
nor campesterol (which represents about 40% of the 0-sitosterol N F  
employed) could be detected in the serum. This finding supports the 
theory that their action is due to their competitive inhibition of choles- 
terol absorption. 


In contrast to the literature (19), the results indicate that stigmasterol, 
while apparently not exhibiting any deleterious effects, is ineffective as 
an antihypercholesterolemic agent. I t  appears, therefore, that  unsatu- 
ration a t  C22 (the only structural difference between 0-sitosterol and 
stigmasterol) is an undesirable factor in effecting antihypercholestero- 
lemic activity. 
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Abstract A phytochemical investigation of an ethanolic extract of the 
whole plant of Echites hirsuta (Apocynaceae) resulted in the isolation 
and identification of the flavonoids naringenin, aromadendrin (dihy- 
drokaempferol), and kaempferol; the coumarin fraxetin; the triterpene 
ursolic acid; and the sterol glycoside sitosteryl glucoside. 


Keyphrases 0 Echites hirsuta-whole plant ethanolic extract, various 
flavonoids and sterol glycoside isolated and identified 0 Flavonoids, 
various-isolated and identified in whole plant ethanolic extract of 
Echites hirsuta 0 Sitosteryl glucoside-isolated from whole plant 
ethanolic extract of Echites hirsuta 


Echites hirsuta (Apocynaceae) (l), also known as established toxicity of many Apocynaceous plants 
Mandevilla hirsuta Malme (2), is a woody vine indigenous 
to the subtropics and tropics (3). Although no medicinal 
uses have been reported for this genus, the total absence 
of any phytochemical studies on Echites species and the 


prompted a phytochemical investigation of this plant. 


DISCUSSION 


The plant material was extracted by percolation with ethanol to ex- 
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haustion. The ethanol was evaporated under reduced pressure, and the 
resulting extract was partitioned between chloroform and water. The 
aqueous layer was further partitioned with ethyl acetate to afford Frac- 
tions A (ethyl acetate) and B (water). The chloroform layer was evapo- 
rated, and the resulting residue was partitioned between petroleum ether 
and aqueous methanol to give Fractions C (petroleum ether) and D 
(aqueous methanol). 


Fractions A and D were subsequently combined because of TLC 
similarities, and the resulting fraction was chromatographed (Column 
I) over silicic acid. Rechromatography of selected fractions from Column 
I over silicic acid (Column 11) afforded ursolic acid, naringenin (I), fraxetin 
( I I ) ,  and sitosteryl glucoside. Further chromatography of selected frac- 
tions from Column I1 yielded aromadendrin (dihydrokaempferol) (111) 
and kaempferol (IV). 


The occurrence of sterols and triterpenes in higher plants is rather 
common (4); therefore, the isolation of the pentacyclic triterpene ursolic 
acid and the sterol glycoside sitosteryl glucoside is riot unusual. Narin- 
genin (I) is a commonly occurring flavanone (5) in genera of the Rutaceae 
(6) but also has been found in genera of the Anacardiaceae, Acanthaceae, 
Balanophoraceae, Compositae, Cruciferae, Fagaceae, Leguminosae, and 
Myrtaceae (6). However, this paper is the first reported isolation of 
naringenin from a member of the Apocynaceae. Naringenin may also be 
obtained by the hydrolysis of the glycoside naringin (naringenin 7- 
rhamnoglucoside), commonly found in the flowers and fruits of grapefruit 
and citrus species (6). 


Fraxetin (11) is an aglucone of the coumarin glycoside fraxin (8-0-n- 
glucopyranosyl-7-hydroxy-6-methoxycoumarin), and both are commonly 
found in species of the genus Fraxinus (Oleaceae) (7). This report appears 
to be the first isolation of fraxetin from a genus of the Apocynaceae. 
Aromadendrin (1111, also known as dihydrokaempferol, is a widely dis- 
tributed dihydroflavonol (flavanonol), being found in genera of the 
families Cercidiphyllaceae, Cupressaceae, Ericaceae, Fagaceae, Legu- 
minosae, Moraceae, Myrtaceae, Pinaceae, Platanaceae, Podocarpaceae, 
and Rosaceae (8). This dihydroflavonol also commonly exists as its 3- 
0-rhamnoside and 7-0-glucoside (8). Kaempferol (IV) is a very com- 
monly occurring flavonol, being nearly ubiquitous in woody angiosperms 
(9) and occurring as glycosides of many kinds. 


This paper is the first reported isolation of any constituents from E. 
hirsuta and, apparently, the first reported isolation of naringenin, 
fraxetin, and aromadendrin from a genus of the family Apocynaceae. 


EXPERIMENTAL' 


Plant  Material-The whole plant of E. hirsuta (Apocynaceae) was 
used2. 


1 Melting points were taken on a Thomas-Hoover Uni-Melt capillary apparatus 
and are corrected. IR spectra were determined on a Perkin-Elmer model 257 
spectrometer in potassium bromide pellets. UV spectra were obtained on a Per- 
kin-Elmer model 202 recording spectrometer. Optical rotations were measured on 
a Perkin-Elmer 241 automatic polarimeter. Mass spectra were taken with a 
LKR-9000 mass spectrometer. 


For GLC analysis, an F&M Biomedical gas chromatograph, model 400, was op- 
erated isothermally at 255'. The column was 0.31-cm (0.125-1n.), 1.84-m (6-ft) 
stainless steel, packed with 0.8% OV-17 (phenyl methyl silicone) on 80-100-mesh 
Gas Chrom Q. Helium was the carrier gas at a flow rate of 30 ml/min. 


Collected in Trinidad and identified by F. J.  Simmonds. A voucher specimen 
(No. 375-303) is on deposit at Eli Lilly and Co., Indianapolis, IN 46206. 


Extraction-Air-dried ground whole plant (1 1 kg) was extracted by 
percolation with ethanol (55 liters). The extract was evaporated in U ~ C U O  
at 40° and left a dark-green sirupy residue (1.79 kg). 


Fractionation-The residue was partitioned between chloroform (5 
liters) and water (5 liters). The aqueous layer was further partitioned with 
ethyl acetate (5 liters), and the solvent was removed from each layer to 
afford Fractions A (ethyl acetate) (142 g) and B (water) (562 g). The 
chloroform layer was evaporated to leave a dark residue (787 g), which 
was further partitioned between petroleum ether (4 liters) and 10% 
aqueous methanol (4 liters). 


The solvent was removed from each layer to afford Fractions C (pe- 
troleum ether) (305 g) and D (aqueous methanol) (418g). TLC on silica 
gel GS using chloroform-ethyl acetate (1:3) showed a very similar chro- 
matographic pattern between Fractions A and D after spraying with 
vanillin-sulfuric acid reagent (11). Therefore, Fractions A and D were 
comhined for further chromatographic separation. 


Chromatography (Column 1)-Fractions A and D (560 g) were dis- 
solved in methanol (2 liters), combined, and adsorbed onto silicic acid4 
(100 mesh) (1 kg). The adsorbed mixture was triturated to a fine, dry 
powder in a mortar and sifted on top of a column of silicic acid4 (1 kg) 
(Column I) in petroleum ether. Elution was carried out with petroleum 
ether, petroleum ether-chloroform mixtures, chloroform, and chloro- 
form-methanol mixtures. 


Elution with petroleum ether (4 liters) and petroleum ether-chloroform 
mixtures (10 liters) afforded lipophilic fractions (192.3 g), which were 
placed aside. Elution with chloroform (2 liters) and then chloroform- 
methanol mixtures (991,95:5,4:1,7:3, and 1:l) (2 liters each) afforded 
fractions, which were combined according to TLC similarity Isilica gel 
Ga; chloroform-ethyl acetate (1:3) and chloroform-methanol (1:l); 
vanillin-sulfuric acid detecting reagent (lo)]. 


Isolation of Ursolic Acid-Combination of the chloroform through 
chloroform-methanol (41) eluents gave a residue (57.35 9). On treatment 
with methanol, this residue afforded fine white needles of ursolic acid 
(230 mg), mp 235' [lit. (11) mp 242' (petroleum ether-methanol)), [a]:: 
+73.3' (c 0.3, chloroform) [lit. (1 1) [ a ] ~  +70° (c 0.4, chloroform)]; I R  urnax 
(potassium bromide) 3420,2960,1700,1460, and 1040 cm-l; mass spec- 
trum (M+): mle 456 (4%), 248 (loo), 207 (25), 203 (33), and 133 (14). The 
triterpene was identified as ursolic acid by direct comparison (11) (IR 
and mass spectra, melting point, mixed melting point, optical rotation, 
and co-TLC). 


Chromatography (Column 11)-Combination of the chloroform- 
wethanol7:3 and 1:l fractions from Column I gave a residue (310 g). A 
portion (30 g) of this residue was adsorbed onto silicic acid4 (67 g) and 
chromatographed over silicic acid4 (300 g) in chloroform. Elution with 
chloroform (5 liters) and chloroform-methanol (95:5) (3 liters) afforded 
additional ursolic acid (520 mg), while elution with chloroform-methanol 
(91) (1 liter) yielded a residue (5.72 9). 


Isolation of Naringenin (1)-Chromatography of this residue over 
silica gel3 (100 g) and elution with chloroform-ethyl acetate (1:5) (500 
ml) yielded a solid. On treatment with hot methanol, this solid afforded 
white needles of naringenin (256 mg), mp 260' [lit. (13) mp 255-256'1, 
1.13 -15.7' (c 0.7, methanol) [lit. (12) [a@ -28.1' (c 1.82, ethanol)]; U V  
A,,, (methanol) 230 (log c 3.83),290 (3.69). and 333 (3.04) nm; I R  urnex 
(potassium bromide) 3250 (br), 1630,1605,1520,1500,1460,1312,1250, 
1182,1160,1085,1065,1015,890,845, and 835 cm-l; mass spectrum (M+): 
m/e 272 (loo%), 179 (301,166 (301,153 (loo), 124 ( l l) ,  119 (12). 107 (19), 
91 (13), and 69 (14). This compound was identified as naringenin by direct 
comparison5 (UV, IR, and mass spectra, melting point, mixed melting 
point, optical rotation, and co-TLC). 


Isolation of Fraxetin (11)-Continued elution with chloroform-ethyl 
acetate (1:5) (500 ml) afforded a yellow residue. On crystallization from 
methanol, this residue gave light-yellow plates of fraxetin (150 mg), mp 
240' [lit. (13) mp 228' (ethanol)); UV: Amax (methanol) 218 (log t 3.34), 
260 (sh) (2.541, and 341 (307) nm; IR: urnax (potassium bromide) 3540 (br), 
1690,1615,1580,1510,1470,1420,1325,1280,1165,1120,1082,1025,930, 
and 835 cm-I; mass spectrum (M+): m/e 208 (lorn),  193 (35), 180 (141, 
165 (14), 137 (15), 109 (14), and 81 (13). This coumarin was found to be 
identical to fraxetine by direct comparison (UV, IR, and mass spectra and 
melting point). 


Isolation of Sitosteryl Glucoside-Continued elution of Column I1 
with chloroform-methanol (8515) (1 liter) gave a light-green residue (7.30 
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9). On treatment with methanol, this residue deposited white granules 
of sitosteryl glucoside (50 mg), mp 255’. The identity was confirmed by 
hydrolysis (dilute hydrochloric acid) of the glycoside to afford the agly- 
cone sitosterol, mp 135-137’ (methanol) (GLC-mass spectrometry), and 
glucose (TLC and co-TLC). Finally, a direct comparison with authentic 
sitosteryl glucoside’ showed them to be identical (IR spectrum, melting 
point, mixed melting point, and co-TLC). 


Chromatography (Column 111)-The mother Jiquors from the 
crystallization of naringenin, fraxetin, and sitosteryl glucoside were 
combined (11.27 g), adsorbed.onto silicic acid4 (30 g), and chromato- 
graphed over silicic acid4 (300 g) in chloroform. Elution with chloro- 
form-methanol (9:l) gave a fraction (3.01 g), which was treated with 
methanol (100 ml). The methanol-soluble portion (1.69 g) was chroma- 
tographed over silica gel3 (40 g) in chloroform-ethyl acetate (1:3). 


Isolation of Aromadendrin (111)-Elution with chloroform-ethyl 
acetate (1:3) (1 liter) afforded a residue. On treatment with methanol, 
this residue gave white granules of aromadendrin (dihydrokaempferol) 
(14 mg), mp 246’ [lit. (14) mp 248’1, [a]g +22.0’ (c 0.5, methanol) [lit. 
(14) [u)g +26’]; UV: A,, (methanol) 228 (log c 3.93) and 293 (3.80) nm; 
I R  u,,, (potassium bromide) 1640,1590,1518,1470,1440,1410,1360, 
1288,1255,1190,1170,1128,1110,1088,1022,995,958,935,865,850,835, 
810,760, and 735 cm-’; mass spectrum (M+): mle 288 (43%), 259 (55), 
165 (22), 153 (loo), 136 (36), 134 (411,107 (51),77 (121, and 69 (18). This 
compound was identified as aromadendrin (dihydrokaempferol) by direct 
comparisons (UV, IR, and mass spectra, optical rotation, melting point, 
mixed melting point, and co-TLC). 


Isolation of Kaempferol (1V)-Continued elution with chloro- 
form-ethyl acetate (1:3) (1 liter) gave a residue. On treatment with, 
chloroform-methanol, this residue afforded yellow crystals of kaempferol 
(20 mg), mp 285’ [lit. (15) mp 280’1; UV A,, (methanol) 215 (log t 4.061, 
268 (4.00), and 370 (4.09) nm; I R  umax (potassium bromide) 3320 (br), 
1655,1615,1570,1505,1385,1320,1255,1225,1175,1088,1008,972,880, 
845,830,815, and 795 cm-I; mass spectrum (M+): mle 286 (loo%), 258 
(11), 229 (8), 153 (181, 136 (8), 134 (81,121 (16),69 (121, and 65 (8). A direct 
comparison (UV, IR, and mass spectra, melting point, mixed melting 
point, and co-TLC) with an authentic samples confirmed the identity. 


7 Dr. D. J. Slatkin, Department of Pharmacognosy, School of Pharmacy, Uni- 


* Dr. W. E. Hillis. CSIRO, Melbourne, Australia. 
versity of Pittsburgh, Pittsburgh, PA 15261. 
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Abstract 0 A sensitive and specific high-performance liquid chroma- 
tographic determination of aminocaproic acid in serum is described. 
w-Aminocaprylic acid is used as an internal standard. To 10 pl of serum, 
10 pl of the internal standard solution and 50 pl of ethanol are added. 
After centrifugation, a portion of the supernate is evaporated. The residue 
is dissolved in 750 pI of 50 m M  dibasic sodium phosphate, and then 250 
pl of fluorescamine in acetonitrile (35 mg/100 ml) is added. The reaction 
mixture is chromatographed using a column of octadecylsilane bonded 
to silica and 44% acetonitrile in 0.5 mM phosphoric acid as the eluent. 
Quantitation is achieved by monitoring either the absorbance of the ef- 


fluent at 405 nm or the fluorescence of the compounds with a fluorometer 
equipped with a flowcell. The method is reproducible, simple, and fast 
and has a precision of 4.4%. 


Keyphrases Aminocaproic acid-high-performance liquid chroma- 
tographic analysis in serum High-performance liquid chromatogra- 
phy-analysis, aminocaproic acid in serum 0 Hemostatic agents- 
aminocaproic acid, high-performance liquid chromatographic analysis 
in serum 


Aminocaproic acid’ (I), an antifibrinolytic agent, in- 
hibits the conversion of plasminogen to plasmin (1,2). The 
chemistry, pharmacological properties, and mechanism 


of action of I were reviewed earlier (3). Several methods for 
the determination of I in biological fluids were reported 
(4-14). Most of these methods were either indirect or re- 
quired a large sample volume and elaborate extraction and 
purification steps. Amicar, Lederle, Pearl River, N.Y. 
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High-pressure Liquid Chromatographic Analysis of 
Veterinary Anthelmintics I: Quantitative 
Determination of Tetramisole 
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Abstract 0 High-pressure liquid chromatography was used with a 10-pm 
Cs-type bonded silica gel column to quantitate the tetramisole in veter- 
inary anthelmintic preparations. The chromatographic elution time was 
less than 10 min, and other compounds present in the productsanalyzed 
did not interefere. 


Keyphrases 'retramisole-high-pressure liquid chromatographic 
analysis, veterinary preparations 0 High-pressure liquid chromatogra- 
phy-analysis. tetramisole i n  veterinary preparations 0 Anthelmin- 
t ics-tetramisole, high-pressure liquid chromatographic analysis in 
veterinary preparations 


Tetramisole ( d l  -2,3,5,6-tetrahydro-6-phenyl- 
imidazo[2,1-b]thiazole) hydrochloride (1) is a potent, 
broad-spectrum anthelmintic; it exhibits high activity 
against several GI and pulmonary nematode species. 
Tetramisole is often used in veterinary therapeutics, either 
alone or with other anthelmintics such as bithionol, bi- 
thionol sulfoxide, and oxyclozanide. 


UV spectrophotometry cannot be used directly for 
identifying tetramisole because the tetramisole absorption 
maximum (214 nm) is shared by other organic substances. 
TLC separation of tetramisole from its thermal degrada- 
tion products was reported (2) but was not quantitative. 
A partition column chromatographic method (3) resolved 
tetramisole from other interfering substances prior to UV 
measurement but was time consuming and unsuitable for 
routine analysis. 


High-pressure liquid chromatography (HPLC) offers 
a viable alternative for the quantitative analysis of te- 
tramisole in commercial products and is applicable to 
various formulations. 


EXPERIMENTAL 


Equipment-The liquid chromatograph' was operated at  ambient 
temperature and was equipped with a UV detector for monitoring the 
column effluent at  254 nm. The stainless steel column. 15 cm X 4.7 mm 
(i.d.j, was packed with a &-type permanently bonded silica gel2. The 
liquid chromatographic detector was connected to a computing inte- 
grator3 for obtaining the chromatogram peak areas. 


Reagents-Tetramisole hydrochloride4 and phenol5 were the refer- 
ence and internat standards, respectively. 


Analb-tical reagent grade acetonitriles and sulfuric acid5 were used for 
the mobile phase preparation. 


Mobile Phase-A mixture of 1% concentrated sulfuric acid in 
water-acetonitrile (80:20 v/v) was used. 


Internal Standard Solution-Accurately weighed phenol (-500 mg) 
in a 100-ml volumetrir flask was dissolved in, and diluted to volume with, 
the rnohile phase. 


I Yariitn 8%X) 
2 Lichrosorb RP8.10 f i ,  Merck & Co. 
ii System 1. Spectra-Physics. 


Lot CA 76.007.00. Specia, Paris, France 
Merck & Co 


Standard Solution-Accurately weighed tetramisole standard (-100 
mg) in a 100-ml volumetric flask was dissolved in, and diluted to volume 
with, water. A tetramisole standard-phenol solution mixture (1:1) in a 
suitable vessel was mixed well. 


Sample Solution-An anthelmintic sample equivalent to 100 mg of 
tetramisole was pipetted accurately into a 100-ml volumetric flask and 
diluted to volume with water. A 1:l sample solution-phenol solution 
mixture in a suitable vessel was mixed well. 


Formulations Containing Bithionol and Oxyclozanide-Veteri- 
nary formulations containing tetramisole-bithionol or tetramisole- 
oxyclozanide are suspensions. The formulation was mixed thoroughly, 
and an aliquot equivalent to 100 mg of tetramisole was pipetted quickly 
into a 50-ml glass-stoppered centrifuge tube. Water (25 ml) was added, 
and the solution was mixed thoroughly and centrifuged a t  2000 rpm for 
5 min. The supernate was transferred into a 100-ml volumetric flask, and 
the residue was extracted with 4 X 10 ml of water. The combined extracts 
in the 100-ml flask were diluted to volume with water. 


Chromatography-The column was conditioned 0.5 hr with mobile 
phase (flow rate of 1.6 mllmin). Four-microliter standard solution aliquots 
were injected onto the column, and the tetramisole (2.4 min) and phenol 
(6.0 min) peaks were identified. The relative area response ratio was 
determined by replicate standard solution injections. When the response 
ratio deviation was less than 2%, the sample dilution was injected. 


Linearity-The method was evaluated for tetramisole response lin- 
earity a t  concentrations ranging from 0.02 to 2% of tetrainisole. Four 
microliters of each solution was injected into the chromatograph, and 
the tetramisole-internal standard area ratio was calculated and plotted 
uersus the tetramisole concentration. The chromatographic response was 
linear up to the highest tetramisole concentration tested (2%). 


RESULTS AND DISCUSSION 


The results (Table I )  show that tetramisole can he assayed in veterinary 
anthelmintic formulations using a simple HPLC method. However. these 
results could not he tested against an alternative (tested or official) 
method because no such method exists. The HPLC analyses gave a linear 
response with tetramisole concentrations between 0.02 and 2%. An 
aqueous 0.1% tetramisole standard was assayed with each hatch of 
samples, and the sample concentration calculations were based upon this 
standard. 


The commercial anthelmintic preparations generally contained hi- 
thionol, bithionol sulfoxide, or oxyclozanide in addition to tetramisole, 
but these agenu did not interfere with the tetramisole assay since they 
were not eluted under the conditions described. Bithionol, bithionol 
sulfoxide, and oxyclozanide remaining on the column were subsequently 
eluted hy changing the mobile phase toacetonitrile (1 mumin) and eluting 
for 20 min after every series of 20 samples had been run. 


Although 254 nm is the most commonly used wavelength, tetramisole 
elution was monitored a t  i t s  absorption maximum (214 nm); detection 


Table  ]-Percent Tetramisole Concentration in Anthelmintic 
Veterinary Formulations 


Sample Labeled Tetramisole Found Tetramisole" 


l b  
2c 
3 d  
4 
5 p  


7.5 
3.4 
3.4 
3.4 
3.4 


7.9 f 0.1 
3.4 f 0.05 


3.51 f 0.05 
3.48 f 0.05 
3.46 f 0.05 


J Mean of three sample pre ations and standard error * Containing wtrHrnihode 
Containing bithionol (8%) Con tree base. Conlaining ox)cEanide  (3 O'b) 


tainin,: bithionol zulfoxide ( 1 - 1  
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a t  214 nm was eightfold more sensitive and would be useful in residue 
analysis. 


denberk, P. J. A. Demoen, F. T. N. Allewijn, R. P. H. Marsboom. C. .I. E. 
Niemegaers, K. H. L. Schellekens and 1’. A. J .  Janssen, Nature, 209,1084 
( 1966). 


(2) N. A. Dickinson, H. E. Hudson, and P. J .  Taylor, Analyst, 96,235 
(1971). 


(3) Ibid., 96,244 (1971). 
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Abstract 0 Computational procedures specified for the FDA single-dose 
diffusion assay for antibiotics may cause substantial error in estimated 
sample potency. An unrecognized mistake in reference solution con- 
centration is the source of error. I t  is caused by correcting responses from 
standard and sample plates differently. The error can be avoided by 
correcting both standard and sample responses to the observed reference 
response. 


Keyphrases 0 FDA-assay, antibiotics, correction Antibiotics- 
analysis, FDA diffusion assay, corrections 


The single-dose diffusion assay of the Food and Drug 
Administration (FDA) has been a satisfactory antibiotic 
assay for more than 30 years. The method is about as ac- 
curate as any other diffusion method. 


Since samples and standards are on different petri 
plates, sample responses must be corrected for variations 
in zone sizes attributable to plates. To this end, one-half 
of the responses on sample plates are from a reference so- 
lution, which is also the middle concentration of the 
standard line. 


The correction procedures specified in the FDA regu- 
lations (1) are different for standards and samples and can 
cause substantial error under certain circumstances. 
Causes of errors, their sizes, and procedures for avoiding 
them will be discussed. 


DISCUSSION 


The standard line used in this assay was relatively short to avoid 
complication caused by excessive curvature. Standard concentrations 
did not follow a 1.35 multiplier exactly but were adjusted to concentra- 
tions that could be prepared accurately using volumetric pipets and 
flasks. The standard lines were computed by linear regression analysis 
and not by the modified least-squares formula of the “Code of Federal 
Regulations” (CFR) 436.105 (1). 


The data for this investigation were obtained from a Bacillus subtilis 
(ATCC 6633) pen-cylinder agar diffusion assay for cephalexin. For the 
assay, plastic petri plates (lo0 X 15 mm) contained a single 10-ml layer 
of Medium 1 (2) seeded with R. subtilis spores. Standard and sample 
solutions were made from a freshly prepared stock solution in pH 6.0 
buffer. Standards containing 2.00,2.75,3.75,5.00, or 6.50 pg of cephalexin 
activitylml and samples containing 2.75,3.00,4.00, or 6.00 pg of activ- 
ity/ml were applied a t  a dosage of 0.2 mllcylinder. The solution used for 
the 2.75+g/ml sample was the same solution used for the 2.75-pg/ml 
standard. Plates were incubated a t  30’ for 16-18 hr, and inhibition zones 
were measured to the nearest 0.01 mm with an antibiotic zone reader’ 
as described elsewhere (3). 


Zone diameters are given in Table I. A standard line graph is given in 


’ Fisher-Lilly. 


Table I-Standard and  Sample Responses 
Standard, Response, mm 


d m l  Standard Reference 


2.00 14.25 16.14 
2.75 


(3.75) 
5.00 
6.50 


15.71 
(16.1.) 
18.12 
19.31 


16.08 


16.07 
16.18 


- 


Response, mm 
Sample Sample Reference 


1 
2 
3 
40 


16.12 
19.14 
17.21 
15.20 


16.19 
16.31 
16.01 
15.61 


The plates for this Sam le were purposely incubated at a temperature slightly 
different from the standarxplates. 


Fig. 1. Estimated potencies computed as required by the CFR 436.105 
(1) and by two modifications are given in Table 11. All potencies were 
interpolated from the best straight line through the standard responses. 
The reference standard was purposely made a t  3.0 wg/ml and not of the 
3.75 pglml ita label indicated. This fact placed a small bias in all potencies, 
as could be inferred from Fig. 1. 


19 


18 ,  


I I 1 I I I I 
2 3 4 5 6 7  


CEPHALEXIN, pg/ml 


Figure 1-Calibration line for an assay of cephalexin by B. subtilis 
(ATCC 6633). The true concentration of the reference solution (3.75 
figlml) point is 3.00 pglml. The dashed line is the least-squares best line 
through the fioe points. 
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Abstract 0 The biosynthetic conversion of epinephrine to norma- 
cromerine in Coryphantha macromeris (Engelm.) Br. and R. var. 
runyonii (Br. and R.) L. Benson (Cactaceae) has been studied. Meta- 
nephrine, which has been isolated from this cactus and is a normal me- 
tabolite of epinephrine in mammalian systems, appeared to be the likely 
intermediate .between epinephrine and normacromerine. Normacro- 
merine turnover studies suggesteda 16-day interval between metanephrine 
administration and harvest of the cacti. During this incubation period, 
the cacti specifically converted 4.77% of the administered DL-7-3H- 
metanephrine to normacromerine. Based on biochemical precedents, the 
postulated metabolic fate of normacromerine in the cactus was an en- 
zymatic N-methylation to give macromerine. However, radiolabeled 
normacromerine was a very inefficient precursor to macromerine. 


Keyphrases 0 Epinephrine-biosynthetic conversion to normacro- 
merine in Coryphantha macromeris cactus 0 Normacromerine-bio- 
synthetic conversion from epinephrine in Coryphantha macromeris 
cactus 0 Macromerine-biosynthetic conversion from epinephrine in 
Coryphantha macromeris cactus 0 Coryphantha macromeris 
cactus-biosynthetic conversion of epinephrine to normacromerine 


The peyote cactus, Lophophora williamsii (Lem.) 
Coult., is a well-known hallucinogen because of its mes- 
caline (3,4,5-trimethoxyphenethylamine) content (1, 2). 
The Dona Ana cactus, Coryphantha macromeris (En- 
gelm.) Br. and R., is currently being promoted as a legal 
psychedelic agent and has about one-fifth the potency of 
peyote (3-7). By far the most abundant alkaloid in C. 
macromeris and its runyonii variety is the epinephrine 
analog' normacromerine (N-methyl-3,4-dimethoxy-P- 
hydroxyphenethylamine) (8,9). A recent study (lo), using 
a battery of tests to evaluate the behavioral effects of 
various mind-altering substances in laboratory animals, 
showed normacromerine to be psychoactive. The behav- 
ioral effects produced by normacromerine correlated most 
closely with those associated with mescaline administra- 
tion. 


Keller et al. (9) initiated a preliminary study of the 
biosynthetic pathway leading to the formation of the 
psychoactive normacromerine in C. macromeris var. 
runyonii. A CS-C~ pathway, where tyrosine was decar- 
boxylated and the resulting tyramine was converted 
stepwise to normacromerine, was established (9). Dopa and 
dopamine were not precursors of normacromerine. The 
natural occurrence of both epinephrine and norepineph- 
rine in C. macromeris var. runyonii and the specific con- 
version of these catecholamines to normacromerine were 
demonstrated (11). The fact that norepinephrine was 
metabolized to normacromerine less efficiently than either 
tyramine or epinephrine indicated a branched biosynthetic 
pathway. 


Metanephrine, a metabolite of epinephrine in mammals 
(12), was isolated from C .  macromeris var. runyonii (8). 
Thus, metanephrine appears to be the logical intermediate 
during the biosynthetic conversion of epinephrine to 
normacromerine. Once formed in the cactus, norma- 


cromerine could undergo N-methylation to give ma- 
cromerine. The present study used radiolabeled meta- 
nephrine and normacromerine to investigate this possible 
biochemical sequence in the cactus. 


EXPERIMENTAL' 


Plant Material-Living specimens of C. macromeris var. runyonii 
were obtained commercially*. Reference photos of the plants are on file, 
and live plants are being maintained in a controlled environment 
chamber?. The cacti were watered bimonthly and were maintained on 
a diurnal cycle of 14 hr of light and 10 hr of dark. The temperature was 
maintained a t  32' during the light period and at 18' during the dark 
period. 


Radioactivity Measurements-Organic samples were solubilized 
in 2 ml of 95% ethanol before the addition of 10 ml of the scintillation 
solvent. The solvent consisted of 0.5% 2,5-diphenyloxazole and 0.05% 
1,4-bis[2-(4-methyl-5-phenyloxazolyl)]benzene in a toluene-p-dioxane 
(1:l) mixture. Silica gel scrapings were extracted with 2 ml of 95% ethanol 
before addition of 10 ml of the scintillation solvent. Glass screw-capped 
liquid scintillation vials were used for all samples. 


All radioactive samples were analyzed using a scintillation counter. 
Three samples were counted routinely, and the reported activities rep- 
resent an average of these three values. Samples were counted to an error 
of less than fl%. The counter efficiency was determined for each sample 
by the internal standard method using 14C-toluene. A blank value was 
obtained routinely to determine the magnitude of background radia- 
tion. 


Chromatography-Analytical silica gel GF-254 TLC plates were 
prepared in the usual manner, developed with benzene-chloroform- 
methanol-28% ammonium hydroxide (8:6:5:1), and visualized under 
shortwave UV light. 


Preparative TLC was conducted as previously described (8,9). Reso- 
lution of the nonphenolic alkaloid mixture was accomplished on 1-mm 
layers of silica gel PF-254 with the previously mentioned solvent system. 
From 12 to 16 plates were necessary for each isolation of normacromerine 
and macromerine. After the alkaloids were eluted from the silica gel with 
methanol, the eluates were filtered, combined, and concentrated under 
reduced pressure. 


Labeled Compounds-~~-7-~H-Metanephrine (label in the (J-posi- 
tion) was assayed for chromatographic homogeneity as suggested by the 
supplier4, and its radioactivity was determined immediately prior to 
administration to the cacti. 


Generous quantities of (-)-7-I4C-normacromerine (label in the /j- 
position) were available from a previous study (1 1). Chromatographic 
homogeneity and exact radioactivity were determined immediately before 
use. 


Administration of Precursors-Administration of the precursors 
was accomplished by injecting aqueous solutions into selected specimens 
a t  several aboveground sites. Groups of five plants were used for the 
normacromerine and macromerine turnover studies while groups of four 
plants were employed to obtain percent incorporation data. After the 
precursor solutions were slowly injected, the needle was left in place for 
a few seconds to allow dispersion. The plants were watered and returned 
to the growth chamber for incubation immediately after administration 
of the radioactive compounds. 


I Melting oints were determined using a Fisher model 355 digital melting-point 
analyzer anfare uncorrected. Scintillation counting was conducted using a Beck- 
man model LS-230. 


Abbey Garden, Car enteria, Calif. 
Scientific Systems,taton Rouge, La. 
New England Nuclear Corp., Boston, Mass. 
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Table I-Specific Activity of Labeled Normacromerine 
Hydrochloride, Formaldemethone, and  Veratraldehyde 
Semicarbazone from Plants  Injected with DL-7-3H- 
Metanephrine (9.276 mCi/mmole; 540 pCi Administered) 


Specific 
Activity, 


Compound zation mg Point Melting Point mmole 


Normacro- 1 460 130-131° 132-143° (14) 3.07 X 10; 
merine 2 405 131-132’ _. 3.05 X 10: 


3 351 131-132° - 3.04 X 10‘ 
Veratralde- 1 56 175-176” 177’ (15) 2.92 X lo7 


Crystalli- Yield, Melting Literature dpm/ 


hydesemi. 2 29 175-176’ - 2.91 x 107 
carbazone 


methone 
Formalde- 1 46 192-193” 193-194’ (16) 1.72 X 10’ 


Extraction of Alkaloids-Following the incubation period, the plants 
were freed from adhering soil, weighed, and processed as previously de- 
scribed (8). 


Determination of Optimum Harvesttime-To determine an ideal 
incubation period, normacromerine turnover was studied after the ad- 
ministration of o1.-7-“H-metanephrine. Macromerine turnover also was 
examined after 7-’4C-normacromerine administration. 


In each case, identical volumes of an aqueous solution of precursors 
were injected into each specimen of C. macromeris var. runyunii. The 
plants were watered and returned to the controlled environment chamber 
for incubation. A harvest interval of 4 days was maintained for the 
metanephrine-treated cacti, with the sacrifice of one plant constituting 
a harvest. Individual normacromerine-injected plants were harvested 
after 9,18,36,54, and 72 days. The harvested plant was extracted to yield 
its nonphenolic alkaloids. A modification of the procedure suggested by 
Fleming and Clark (13) was used to quantitate the radioactivity associ- 
ated with the macromerine and/or normacromerine after analytical TLC. 
Details of this method were described previously (9). 


Isolation and Identification of Macromerine and Normacro- 
merine-In all cases where macromerine and normacromerine were 
isolated from the nonphenolic fraction, preparative TLC was used. The 
identity of the isolated alkaloid was established by cochromatography 
and melting-point determinations on the hydrochloride derivative. The 
normacromerine hydrochloride was crystallized three times to establish 
radiochemical purity; the radioactivity of 5-mg portions was determined 
in triplicate after each crystallization. Macromerine hydrochloride was 
crystallized one time, and its radioactivity was determined in triplicate 
following this single crystallization. 


Periodate Degradation of Normacromerine-The isolated nor- 
macromerine from the D~7-~H-metanephrine-treated cacti was degraded 
with sodium periodate to locate the position of the tritium label in the 
molecule to determine the degree of label randomization and/or the 
presence of radioactive contaminants. A portion of the isolated norma- 
cromerine hydrochloride (200 mg) was dissolved in 10 ml of 0.1 M phos- 
phate buffer (pH 6.2), and 220 mg of sodium periodate was added to this 
solution. After stirring a t  room temperature for 15min, the pH of the 
reaction mixture was adjusted to 4.0 (pH paper) with 10% acetic acid, 
followed hy the immediate addition of 40 ml of 0.5% dimedone (5,5- 
dimethyl-1,3-cyclohexanedione). After 3 hr of refrigeration, the dimedone 
derivative of the liberated formaldehyde (formaldemethone) was filtered 
and recrystallized from ethanol-water. 


The filtrate was extracted with two 50-1111 volumes of ether, and the 
ether extract was evaporated in uacuo. After the residue was dissolved 
in 10 ml of an ethanol-water mixture, 100 mg of semicarbazide hydro- 
chloride and 150 mg of sodium acetate were added, followed by 1 min of 
boiling. Overnight refrigeration induced the crystallization of veratral- 
dehyde semicarbazone. This derivative was filtered and recrystallized 
from an ethanol-water mixture. The radioactivity associated with each 
degradation product was measured as previously described. 


RESULTS AND DISCUSSION 


Keller (11) observed that the radioactivity associated with norma- 
cromerine reached a maximum between 20 and 24 days after adminis- 
tration of ~1,-7-’~C-epinephrine. When considering that metanephrine 
is only one biosynthetic step from normacromerine, an incubation period 
of 20-24 days may not he idval for the suspected precursor. To investigate 
this possibility, normacromerine turnover was examined in the living cacti 


Table 11-Percent Distribution of Activity pe r  Millimole a f t e r  
Administration of (-)-7-W-Normacromerine 


Harvest Dav Normacromerine Macromcrine 


9 
18 
36 
54 
72 


99 
97 
96 
98 


100 


after the administration of ~ ~ - 7 - ~ H m e t a n e p h r i n e .  Maximum incorpo- 
ration of radioactivity into normacromerine occurred within 16 days after 
precursor administration. Consequently, in the subsequent experiment, 
the plants were harvested and processed 16 days after administration 
of labeled metanephrine. 


T o  evaluate the significance of metanephrine in normacromerine 
biosynthesis, four cacti were injected with aqueous DL-7%-meta- 
nephrine. These plants yielded 460 mg of normacromerine hydrochloride 
after the first crystallization. After the hydrochloride was recrystallized 
twice from absolute ethanol-ether, the specific activity remained rela- 
tively constant. Based on the total activity of ~ ~ - 7 - ~ H - m e t a n e p h r i n e  
administered to the cacti, 4.77% was recovered as crystalline norma- 
cromerine hydrochloride. The periodate degradation revealed that 96% 
of the activity in the labeled normacromerine hydrochloride was associ- 
ated with the &position (Table I). 


Once formed in the cactus, the most logical metabolic fate of norma- 
cromerine appears to be N-methylation to give macromerine. To examine 
this possibility, four plants were injected with an aqueous solution of 
(-)-7-14C-normacromerine hydrochloride (2.82 &i/mmole; 0.57 pCi 
administered). After an 18-day incubation, these plants were harvested 
and extracted as usual. The nonphenolic fraction yielded 75 mg of ma- 
cromerine hydrochloride. The radioactivity associated with this material 
was barely above background values. Based on the total activity of (-1- 
7-’4C-normacromerine hydrochloride administered to the cacti, only 
0.0005% was recovered as crystalline macromerine hydrochloride. Because 
of this very low activity, the isolated macromerine hydrochloride was not 
chemically degraded. 


One possible explanation for the poor incorporation of normacromerine 
into macromerine might be that the N-methylation of normacromerine 
is a very slow process in the cactus. This possibility was explored by 
measuring macromerine turnover after administration of (-)-7-I4C- 
normacromerine. The cacti were harvested a t  selected intervals over 72 
days. The. radioactivity associated with normacromerine also was de- 
termined for each harvest. Table I1 presents the percent of the total 
macromerine-normacromerine activity associated with the individual 
compounds from each harvest. 


The results of this investigation indicate metanephrine to be the im- 
mediate precursor to normacromerine in C. macromeris var. runyonii. 
Since very little normacromerine was converted to macromerine over 72 
days, N-methylation of normacromerine appears not to be a major bio- 
synthetic route. Macromerine may be biosynthetically derived from 
N-methylmetanephrine, a compound known to occur in the cactus (8). 
Alternatively, macromerine may be demethylated to form normacro- 
merine. Experiments designed to answer these questions are in prog- 
ress. 
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Abstract 0 An interlaboratory procedure for the quantitative extraction 
and analysis of thebaine from different tissues of Papauer bracteatum 
Lindl. is presented. Each step was evaluated for the yield of thebaine by 
use of l-3H-thebaine and GLC. The method of drying and milling of 
tissue and the size of resultant particles were important factors in the 
quantitative recovery of thebaine. 


Keyphrases 0 Papauer bracteaturn-various plant tissues, extraction 
and analysis of thebaine 0 Thebaine-extraction and analysis from 
various plant tissues of Papauer bracteaturn Alkaloids-thebaine, 
extraction and analysis from various plant tissues of Papauer bracteatum 
0 Narcotics-thebaine, extraction and analysis from various plant tissues 
of Papauer bracteaturn 


Papaver bracteatum Lindl. is being evaluated as a 
source of the alkaloid thebaine from which codeine may 
be derived (1,2). Methods for the analysis of thebaine in- 
clude quantitative TLC followed by spectrophotometry 
(3), colorimetry (41, GLC (5 ,  6), and high-speed liquid 
chromatography 17,B). 


A United Nations Working Group on P. bracteaturn (9) 
recommended a general method for thebaine analysis. In 
this study, each step of the method is presented for the 
analysis of thebaine in roots, leaves, and capsules of P. 
bracteaturn. The purposes of this investigation were to 
maximize the yield of thebaine and to provide a basis for 
comparison of interlaboratory results of analysis of the- 
baine in such tissues. 


EXPERIMENTAL 


Plant  Culture-The seed source and plant culture were previously 
described’ (6). 


Preoaration of Tritiated Thebaine-l-3H-Thebaine was areDared 
by-theacid-catalyzed tritiation of salutaridine, followed by boiohidride 
reduction to the epimeric salutaridinols and subsequent conversion to 
thebaine. The entire sequence was first performed on the deuterated 
analogs, which permitted unambiguous assignment of the label to the 


I The plant material was identified as Pupuoer hracfeafurn Lindl. by Dr. P. G. 
Vincent and M. L. Stiff, US. Department of Agriculture, Beltsville, Md. A voucher 
(preserved and living) specimen (see Ref. 6 for numbers) representing material 
collected for this investigation is available for inspectitrn a t  the US. Department 
of Agriculture, Beltsville, Md. 


1-position by NMR and mass spectrometry. The specific activity was 6.17 
pCi/mg. 


Sample Preparation-The effects on thebaine yield of oven drying 
(60’) versus freeze drying of plant tissue were compared. The effect of 
ball2 or blade3 milling was evaluated, as was the influence of particle size 
on thebaine recovery. The residual water content of samples before 
analyses was determined. Thebaine extractions with 5% aqueous acid 
and methanol-ammonium hydroxide (98:2) were compared. The ef- 
ficiencies of other extracting solvents (5) are also discussed. 


Assay-Thebaine was determined as previously described (6). 


RESULTS A N D  DISCUSSION 


(-)-Thebaine (I) (except for the position of the double bonds), (-)- 
codeine (111, and (-)-morphine (111) have the same skeletal structure and 
absolute configuration. 


Apparently, thebaine was not stable a t  60’. Thebaine, present at time 
of harvest, may have been transformed during heat drying into other 
compounds, as evidenced by the appearance of unidentified “alkaloidal” 
substances on thin-layer chromatograms following drying and by the 
appearance of several radioactive substances following addition of 1- 
3H-thebaine to plant tissues before drying. The mechanism and nature 
of the additional substances derived from thebaine during oven drying 
have not been studied adequately; however, enzymatic and/or physical 
factors undoubtedly are involved in the transformation processes. No 
additional products from thebaine were observed when tissues were freeze 
dried, as measured by TLC of tissue extracts to which l-3H-thebaine had 
been added. 


VNCH I 


H 
ti 


I: R, = R, = CH, (double  bonds between C6--7 and  C8-14) 
11: R, = CH,, R, = H 


111: R,  = R, = H 


2 Dangoumau quantitative mierogrinder; Prolaho, Microbroyeur Quantitatif 


3 Wiley. 
Dangoumau, Appareil No. 07-449.02, France. 
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Abstract Percutaneous absorption of aqueous butylparaben through 
guinea pig dorsal skin was studied using a diffusion chamber. Polysorbate 
80 increased the solubilized concentration but decreased penetration of 
the preservative. Polyethylene glycol 400 also reduced the amount of 
penetration. Propylene glycol was less effective than polyethylene glycol 
400. Preservative activities of these systems on several microorganisms 
were evaluated on agar plates. The relationship between the butylparaben 
penetration and preservative activity is discussed. 


Keyphrases Percutaneous absorption-butylparaben, guinea pig, 
in vitro, effect of surfactants, relation to preservative activities 0 
Butylparaben-percutaneous absorption, effect of surfactants, guinea 
pig, in uitro, relation of absorption and preservative activities 0 Sur- 
factants-effect on percutaneous absorption of butylparaben, guinea pig, 
in uitro Preservatives-butylparaben, percutaneous absorption, effect 
of surfactants, relation of absorption and preservative activities, guinea 
pig, in uitro 


The preservative activity of a system is dependent on 
the aqueous concentration of the preservative (1-3). This 
fact suggests that organic compounds employed as pre- 
servatives will be somewhat solubilized in the aqueous 
phase in systems such as foods, ointments, and cosmetics. 
Such organic preservatives have affinities to both water 
and oil and are expected to penetrate into the skin easily 
(4,5). 


Many studies have concerned the percutaneous ab- 
sorption of preservatives, especially hexachlorophene 
(6-91, and their preservative activities in various systems 
(3,101. However, few reports concerning butylparaben (I) 
have been published, despite its wide use as a preservative, 
and there are few reports on the relationship between 
preservative activity and percutaneous preservative ab- 
sorption. 


Although recent reports stated that esters of p-hy- 
droxybenzoic acid did not pass through a natural mem- 
brane 15 hr after application (111, these substances must 
penetrate into the skin since they induce allergic reactions 
(12,13). A whole body autoradiography study of hairless 
mice (14) showed that I was percutaneously absorbed from 
several ointments. 


In this paper, percutaneous absorption in uitro and 
preservative activity of I in an aqueous system were mea- 
sured; the relationship between the preservative activity 
and the percutaneous preservative absorption is dis- 
cussed. 


EXPERIMENTAL 


14C-Butylparaben1 was obtained with a specific activity of 1.65 mCi/ 
mmole. Propylene glycol, polyethylene glycol 400, and polysorbate 80 
were reagent grade2. 


Vehicle compositions are listed in Table I. A 2-ml aIiquot of each sys- 
tem was used for the diffusion study. 


Daiichi Pure Chemicals Co., Tokyo, Japan. * Wako Pure Chemical Industries, Tokyo, Japan. 


Male guinea pigs (Hartley strain), -320 g, were used. The dorsal hair 
was removed with a hair clipper immediately prior to the experiment. 
The residual hair was 0.5 mm long. The adipose tissue was removed after 
the dorsal skin was excised from the sacrificed animal. The skin sample 
was then punched into a 3-cm diameter disk. 


The disk was placed in a modified diffusion chamber (15). The area 
of the donor side was 3.14 cm2, and the volume of the receptor space was 
4.4 ml. The dermal side receptor fluid was saline and flowed through the 
chamber continuously at  -8 mlhr. The eluted solution was fractionally 
collected in test tubes. The chamber was placed in a controlled 37O water 
bath throughout the experiment. 


Aliquots (1 ml) of eluted I were pipetted from each test tube into a vial 
containing 10 ml of Bray’s scintillation fluid (16). The radioactivity was 
measured by a liquid scintillation counter3. 


Preservative activities were studied according to a modified method 
of Ishizeki (17). The test sample was mixed with each solution of Esch- 
erichia coli UFO4 3043) plus Staphylococcus aureus (IF0 3061), Bacillus 
subtilis (IF0 3024), Pseudomonas aeruginosa (IF0 3445), Aerobacter 
aerogenes ( IF0  33201, Aspergillus niger (IAM6 3001) plus Penicillium 
citrinum (IAM 7316), and Candida albicans (IF0 0583). After several 
intervals of up to 7 days at 32O, each mixture was transferred onto an agar 
plate6. For P. aeruginosa and A. aerogenes, glucose was added to the agar; 
for A. niger plus P. citrinum and C. albicans, Sabouraud medium6 was 
employed. 


Colonies were counted after 24 hr of incubation at  37O for bacteria and 
after 48 hr of incubation at  30’ for fungi and yeasts. Preservative activities 
were evaluated by counting the days before all colonies disappeared. The 
score was 8 when no colonies were found on the plate zero day after ad- 
dition of the test sample. The score decreased with time; when colonies 
were still observed after 7 days, the score was 0. 


RESULTS AND DISCUSSION 


The penetration flux, J ,  of a solute through the skin is expressed as: 


(Eq. 1) 
J = - -  Q - ( D ) ( P C ) ( C ” )  


At 1 


HOURS 
Figure 1-Amount of I that passed throughguinea pig skin at 37’ from 
a dilute aqueous solution [0.002% (wlv)]. Key: S, steady-state pene- 
tration through epidermis; E, early penetration through appendages; 
S + E, observed amount of penetration; and T ,  lag time. 


Model LSC-601, Aloka Co.. Mitaka. Tokyo, Japan. 
Institute for Fermentation, Osaka, Japan. 
Institute of Applied Microbiology, Tokyo, Japan. 


6 Eiken Chemical Co., Tokyo, Japan. 
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Table I-Vehicle Composition 
~~ 


Polysorbate Propylene Polyethylene 
Compound I, 80,% Glycol, % Glycol 400, % 


System %(w/v) (w/v) (v/v) (v/v) 
A 0.015 - - c 


B 0.02 - 10 c 


10 0.02 - - 
- 20 - C 


0.02 
20 E 0.02 - - 


D 
F 0.1 1 .o - - 


0.1 1.0 10 - 
10 


G 
0.1 1.0 H 


I 0.1 2.0 
J 0.1 2.0 10 - 


10 K 0.1 2.0 - 


- - - 


where Q is the amount of solute that diffuses across the area, A, in time, 
t ;  PC is the skin-vehicle partition coefficient of the solute; D is the solute 
diffusion constant in the skin of thickness 1; and C, is the solute con- 
centration in the vehicle (18,19). The permeability constant, kp, which 
represents a penetration rate, is given by J/C,. 


Figure 1 shows the total amount of I absorbed from an aqueous vehicle 
through the skin as a function of time. Transient penetration through 
appendages becomes less important than the steady-state penetration 
through an unbroken membrane over time (18). In Fig. 1, however, the 
amount of early penetration, E, was comparable to the steady-state 
penetration, S. In the present study, therefore, the observed penetration 
was explained as the sum of two diffusion processes ( E  + S )  (20). 


A lag time, 7 ,  was given by the intercept of the line S on the t-axis. The 
lag time is the time required for the solute to pass transepidermally 
through skin of thickness 1 with the diffusion constant D (20): 


12 


6 X D  
7 = -  (Eq. 2) 


The penetration of I increased with time from Systems A-K (Tables 
I and I1 and Figs. 2 and 3). The average thickness of the skin samples from 
22 animals without subcutaneous fat was 0.134 cm (SD 0.017 cm). This 
value was used for the diffusion constant calculations. 


Percutaneous solute absorption is reportedly enhanced by solvents 
such as dimethyl sulfoxide and chloroform-methanol (21-24) because, 
perhaps, of stratum corneum changes (23,24). Although there was a small 
D value deviation in the 11 systems in the present study ( D  = 3.63 f 0.47 
X cm2/hr), no correlation was found between the system composi- 
tions and D values. The I partition coefficient varied markedly with the 
systems. Propylene glycol reduced the value significantly, but the effect 
was much lees than that of polyethylene glycol 400. The effect of poly- 
sorbate 80 on the decrease of the partition coefficient was much more 
drastic. When polyethylene glycol 400 was coexistent with the surfactant, 
further reduction of the partition coefficient occurred. Propylene glycol 
addition had no effect. 


The percentage of the solute passing through the skin from the system 
correlated well with the partition coefficient, indicating that the sys- 
tem-skin partition coefficient determined the penetration flux. 


Preservative activities were evaluated qualitatively. Since the solubility 
of I in water is 0.015% (w/v), the I concentration in System A was slightly 
less than that in Systems B-E. The System E score was relatively high, 
but the preservative levels of these five systems were comparable (Table 


Table 11-Values of Diffusion Constant ( D ) ,  Permeability 
Constant (k,,), and Partition Coefficient (PC) of the Steady- 
State Penetration, and Percentage Penetration of the Total 
Amount Applied 


D, x 10-4 k,, x 10-4 Penetration of Total 
System cm2/hr cm/hr PC Amount Applied, % 


A 3.43 70.82 2.77 23.70 
B 4.53 53.70 1.59 20.22 
C 4.26 16.76 0.53 5.70 


I 3.39 4.28 0.17 1.40 
J 3.51 4.60 0.18 1.47 
K 4.31 1.98 0.04 1.10 


F -  
0- 


a 
w 
I- 


0 5 1 0  15 20 
HOURS 


Figure 2-Effect of propylene glycol or polyethylene glycol 400 on I 
penetration from an aqueous solution. Key: V, System A; A, System 
B; 0, System C; A, System D; 0, System E; and X, supposed amount 
of penetration from 0.02% aqueous I solution. 


111). This finding suggested that there were no interactions between the 
solubilizers and I that would deactivate the preservative. 


The increase in I concentration with polysorbate 80 did not improve 
preservative activity. On the contrary, the activity was reduced (Table 
111). Since the preservative activity is dependent on the effective aqueous 
I concentration (l), these results indicate that the surfactant increased 
the amount of I trapped in micelles and reduced the I concentration in 
the outer phase (3,25). 


Since the partition coefficient is also regarded as an index of mutual 
affinity between the preservative and vehicle (261, a low partition coef- 
ficient reflects the tendency of the preservative to remain in the vehicle. 
Therefore, the addition of propylene glycol or polyethylene glycol 400 
to water, which increased the I solubility, decreased the partition coef- 
ficient. If the aqueous solubility were 0.02% (w/v) and the concentration 
were not increased by the solubilizers, the penetrated amount would be 
reduced in Systems B-E (Fig. 2). System A contained only 0.015% I, so 
the addition of solubilizers decreased the partition coefficient and in- 
creased I concentration. The latter was larger than the former in System 
B (Fig. 2), whereas the decrease in the partition coefficient was much 
more effective in Systems G E .  Polyethylene glycol 400 induced a greater 
decrease in the penetrated amount (or partition coefficient) than pro- 
pylene glycol, as shown by a preliminary experiment. The saturated I 
concentration in 10% aqueous polyethylene glycol 400 was 0.050% (w/v) 
while that in 10% aqueous propylene glycol was 0.032% (w/v). These 
values were obtained by spectr~photometry~ at  256 nm. An increase in 


0 5 1 0  1 '5 $0 
HOURS 


Figure 3-Effect of propylene glycol or polyethylene glycol 400 on I 
penetration from an aqueous solution ofpolysorbate 80. Key: 0, System 
F; A, System C; H, System H; 0, System I;  A, System J;and 0, System 
K .  


~ ~~ ~ ~~ ~ 


Model 139 UV-VIS spectrophotometer, Hitachi Co., Tokyo, Japan. 
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Table 111-Preservative Score 


A. niger 
Sys- plus C. albi- 
tern P. citrinum cans 


R. sub- 
titis 


A 0 7 
B 0 3 
C 0 3 
D 0 3 


A 0 7 
B 0 3 
C 0 3 
D 0 3 
E 0 6 
F 3 


7 
7 
7 
I 
8 
7 
6 
6 
6 
7 
7 


E .  coli 
plus A. aero- 


S. aureus genes 


7 6 
7 7 
7 3 
6 7 
7 7 
0 0 
0 0 
7 7 
0 0 
0 0 
6 0 


P. aeru- Total 
ginosa Score 


0 27 
0 24 
3 23 
3 26 
7 35 
0 10 
0 12 
7 33 
0 6 
0 7 
0 13 


solubility means an increase in affinity to the system, which results in 
a decrease in the partition coefficient. 


The preservative activity increased following addition of polyethylene 
glycol 400 to the surfactant solution (Table III), indicating that the I 
concentration in the outer phase increased due to alteration of the 
aqueous phase-micelle partition coefficient. The increase in I concen- 
tration in the outer phase (Table 111) and the decrease in the amount 
passing through the skin (Fig. 2) caused by polyethylene glycol 400 help 
explain the percutaneous absorption results for Systems F-K. 


The effect of the polyethylene glycol 400 addition in Fig. 3 was not so 
great as that in Fig. 2, where the surfactant was not present. Although 
the value of the skin-vehicle partition coefficient was reduced by the 
addition of polyethylene glycol 400, the effective concentration in the 
outer phase, which can contribute to penetration (19), was increased. 
Thus, the product of the effective outer phase.concentration and the 
partition coefficient showed only a slight decrease in the penetrated 
amount. 


The effect of propylene glycol was not so great as that of polyethylene 
glycol 400 on either permeability or preservative activity. Propylene glycol 
induced only a small increase in I concentration in the outer phase, which 
was counteracted by a small decrease in the partition coefficient, resulting 
in a smaller permeability change. 


Some other factors also affected penetration from a surfactant solution 
since the amount of penetration from System F was similar to that from 
System A, although the preservative activities of these two were signifi- 
cantly different. Malik et al. (27) suggested that a surfactant increased 
the drug-skin affinity but that the excess addition of a surfactant de- 
creased drug absorption, an effect also seen in Systems F and I in this 
study. Ostrenga et al. (28) suggested that the whole vehicle was absorbed 
or that the vehicle was separated on the skin after application. These 
reports reflect the difficulty of comparing the amount of penetration from 
systems with and without surfactant on the basis of the concentration 
and partition coefficient only. It was possible, however, to evaluate the 
effect of propylene glycol and polyethylene glycol 400 in each system on 
the basis of these two factors. 


Although the addition of excess surfactant is an effective way to pre- 
vent a preservative from penetrating into the skin, such a system was 
inactive on microorganisms. Moreover, it is very dangerous to apply a 
large amount of a preservative on living skin since the compositions of 
the system change with time due to water evaporation and the secretion 
of sebum and sweat. The results in this study suggest that both the in- 
crease in preservative activity and the reduction of percutaneous pre- 


servative absorption can occur following the addition of a solubilizer, i.e., 
polyethylene glycol 400, to the system. 
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Table X-Ratio of Amounts in Fish at Overturn and Death 


Compound Ratio (X&, /XiD)  
I 0.590 


I1 0.545 
111 0.585 
IV 0.650 
V 0.569 


VI 0.273 
Mean 0.535 


time at  that concentration. The apparent slopes do not differ much, and 
the intercepts are scattered about zero, indicating that all of the data may 
be grouped together. Linear regression of the combined data gave: ~ / T D  
= 0.286O(l/To) + O.OOO1 ( r  = 0.9648,~ < 0.01), where TD and To are the 
lethal and overturn times, respectively. A plot of ~ / T D  versus 1/To is 
presented in Fig. 7. 


For all data, there appears to be a linear relationship between the re- 
ciprocals of the time of response end-points a t  each concentration (Fig. 
7). Pharmacologically, this finding suggests a simple relationship between 
the concentrations inducing narcosis and death. Where bulk solution 
concentrations are sufficiently high to make the MEC values negligible. 
the slope of ~ / T D  versus 1/To is approximately equal to: 


a n d  


(Eq. 16) 


Table X contains the ratio of the amount of each drug in the fish at  the 
time of response, which may be regarded as a direct estimate of the nar- 
cosis to death ratio. The average value of the ratios is approximately 0.54. 
However, the value of the slope in Fig. 7, a second estimate, is only 0.29. 
The agreement between these two independent estimates is rough at  best. 
The direct estimate assumes that the total fish concentration reflects the 
concentration in the critical CNS tissues a t  the moment the fish are re- 
moved from the drug solution, which may not be the case. Therefore, the 
pharmacological ratio would be the better estimate of the turnover to 
death concentration ratio. This fundamental point is worthy of more 
research. 
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Abstract 0 Fifteen predominantly alkyl bromide quaternary salts of 
1-substituted 4-phenyl-1,2,3,6-tetrahydropyridine and 10 from 3,6- 
dimethyl-6-phenyltetrahydro-2H-1,l-oxazine were synthesized. None 
was effective against the parasitic protozoan Eimeria tenella and the 
helminth trichostrongyle nematode. Nearly all inhibited Gram-positive 
and Gram-negative bacteria; maximum efficiency was obtained with 
nonyl through dodecyl bromide salt derivatives. Antifungal effectiveness 
paralleled these results. The oxazinium salt analogs were inhibitory in 
an in uitro peridontal microorganism screen. The decyl bromide deriv- 
ative at 0.05% in drinking water prevented dental plaque and reduced 
calculus deposition in rats but not in hamsters fed cariogenic diets. A 
0.01% concentration of the tetrahydropyridinium analog caused increased 
plaque in rats compared to nonmedicated control animals. 


Keyphrases 4-Phenyl-1,2,3,6-tetrahydropyridine quaternary 
salts-synthesis and antimicrobial evaluation 3,6-Dimethyl-6-phen- 
yltetrahydro-2H-l,3-oxazine quaternary salts-synthesis and antimi- 
crobial evaluation Antimicrobial activity-quaternary salts of 4- 
phenyl-1,2,3,6-tetrahydropyridine and 3.6-dimethyl-6-phenyItetrahy- 
dro-SH-l,3-oxazine 


Two heterocyclic nitrogen bases, 1-methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine and 3,6-dimethyl-6-phenyl- 
tetrahydro-2H-1,3-oxazine, are readily accessible from the 
reaction of a-methylstyrene, formaldehyde, and methyl- 


amine salts (1) among other processes. Both compound 
types have served as moieties of synthetic drugs, e.g., an- 
algesics (2) and antineoplastic agents (3). Quaternary 
N-alkyl salt derivatives of the two bases appeared at- 
tractive as potential antimicrobials; in addition to the 
microbial cell wall degradative capability of the widely 
used cationic quaternary ammonium compounds (4), such 
novel products could have a possible mechanism for 
formaldehyde release initiated by Hofmann elimination. 
The inhibitory action of some preservatives, disinfectants, 
and antiseptics such as 1,3,5-trisubstituted hexahydro- 
s -triazines and methenamine compounds is considered 
attributable in part to a latent source of formaldehyde 
(5). 


RESULTS AND DISCUSSION’ 


Thirteen quaternary salts of the tetrahydropyridine (Table I )  were 
synthesized by alkylation with C-1-C-18 alkyl halides, decamethylene 


1 Tests for biological activities were carried out by divisions of Merck & Co., 
Rahway, N.J. 


0022-35491 7910400-0407$0 1.0010 
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Table I-1-Substituted l-Alkyl-4-phenyl-1,2,3,6-tetrahydropyridinium Salt Derivatives R' ',CHJ"CH, 


Melting Yield, Recrystallization Empirical Analysis, 96 
Compound R n  X Point % Solvent Formula Calc. Found 


! lo 


Ib 


Ic 


Id 


Ie" 


If 


Ig 


Ih 


Ii 


ti 


Ik 


I1 


Im  


In 


I0 


IP 


H 


Methyl 


Methyl 


Methyl 


Methyl 


Methyl 


Methyl 


Methyl 


Methyl 


Methyl 


Methyl 


Methyl 


Methyl 


Ethyl 


Decameth- 
ylene- 
bis 


Phenyl- 
methyl 


9 


0 


7 


8 


9 


9 


9 


9 


10 


11 


13 


15 


17 


9 


0 


0 


Br 


I 


Br 


Br 


Br 


Dodecyl 
sulfate 


2- (Dodecy loxy ) - 
ethyl sulfate 


o-Sulfobenz- 
imide 


Br 


Br 


Br 


Br 


Br 


Br 


Br 


CI 


197-198.5O 


266-268' 


199-201O 


199-201O 


200-202O 


152-156O 


156-162O 


190-190.5O 


199-201O 


202-205O 


204-207O 


211-214' 


218-2220 


168.5-169.5' 


259-260.5O 


204-206.5O 


36 


55 


65 


51 


89 


31 


51 


95 


37 


59 


49 


49 


39 


38 


84 


76 


Acetone 


Ethanol 


Acetone 


Acetone 


Acetone 


b - 


b - 


Acetonitrile- 
ether 


Acetone 


Acetone 


Acetone 


Acetone 


Acetone 


Acetone 


Ethanol 


2-Propanol- 
ether 


C 66.12 66.39 
H 9.25 9.62 
Br 20.71 20.95 
N 3.62 3.63 
C 49.54 49.67 
H 5.75 6.04 
N 4.44 4.45 
C 65.55 65.08 
H 8.80 8.83 
Br 21.81 21.50 
N 3.82 3.80 
C 66.28 66.08 
H 9.01 8.93 
Br 20.99 20.49 
N 3.68 3.61 
C 66.97 66.91 
H 9.20 9.46 
N 3.55 3.61 
C 70.42 69.96 
H 10.60 10.64 


2.30 N 2.42 
C 69.29 69.65 
H 10.50 10.57 
N 2.24 2.28 
S 5.14 5.13 
C 70.13 69.66 
H 8.12 8.13 


5.55 N 5.64 
S 6.46 6.20 
C 67.63 67.20 
H 9.38 9.57 
N 3.43 3.23 
C 68.24 68.67 
H 9.54 9.67 
Br 18.91 19.20 ~~ ~~ ~ ~~ 


N 3.30 3.35 
C 69.31 69.43 
H 9.84 9.86 
Br 17.74 18.09 
N 3.11 3.13 
C 70.27 70.43 
H 10.11 10.31 
Br 16.69 16.95 
N 2.93 2.86 
C 71.12 71.27 
H 10.35 10.34 
Br 15.77 16.12 
N 2.77 2.61 
C 67.63 67.47 
H 9.38 9.58 
Br 19.56 19.57 
N 3.48 3.41 
C 63.17 63.47 
H 7.79 8.11 
Br 24.73 24.74 
N 4.33 4.48 
C 73.86 73.80 
H 7.50 7.59 
C1 11.48 11.57 
N 4.53 4.50 


Prepared by F. Waksmunski, Merck Sharp and Dohme Research Laboratories, Rahway, NJ 07065. Not recrystallized. 


dibromide, or phenylmethyl chloride in refluxing acetone. The normethyl 
and 1-ethyl base homologs (1) were reacted with decyl bromide to provide 
nonquat.ernary l-decyl-4-phenyl-1,2,3,6-tetrahydropyridinium hydro- 
bromide (Ia) and l-decyl-l-ethyl-4-phenyl-l,2,3,6-tetrahydropyridinium 
bromide (In).  Ten oxazinium salts (Table 11) were similarly prepared; 
the properties of several of these compounds were reported previously 
(6). 


All compounds were evaluated for antimicrobial and antiparasitic 
potencies. None was active in the parasitology screen, which included 
in uitro and in uiuo helminthiasis assays with trichostrongyle nematode, 


ova and larvae, and coccidiosis (Eirneria tenella) in chickens. The 
methods Ior these tests and the in uitro antibacterial and antifungal 
studies (Tables 111 and IV) were described previously (7). 


The eight C-%C-18 alkyl oxazinium bromide salts (IIb-IId and 1If-11;) 
were additionally tested in an in uitro microbial periodontal disease 
screen (Table V). The decyl derivative, IId, was further studied in an  in 
i h o  experiment (rat and hamster) for the prevention of dental calculus 
and plaque. 


An in uitro chemotherapy assay (Table 111) utilized Gram-pi t ive and 
Gram-negative bacteria; fungi associated with industrial and agricultural 
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Table II-3-Alkyl-3,6-dimethyl-6-phenyltetrahydro-2H-l,3-oxazinium Salt Derivatives CH/ '(CH,),CH, 


Melting Yield, Recrystallization Empirical Analysis, % 
Compound n x Point % Solvent Formula Calc. Found 


IIa 0 


IIb 7 


IIC 8 


IId 9 


IIe 9 


111 10 


IIg 11 


IIh 13 


IIi 15 


IIj 17 


I 


Br 


Br 


Br 


o-Benzo- 
sulfimide 


Br 


Br 


Br 


Br 


Br 


205-207' 


199-200' 


192-193.5' 


194- 195.5' 


115-1 16' 


186-187' 


190-191.5' 


183-184.5O 


174-176' 


171.5173' 


76 


40 


34 


34 


64 


30 


32 


36 


67 


55 


Ethanol 


Acetone 


Acetone 


Acetone 


Acetonitrile- 
ether 


Acetone 


Acetone 


Acetone 


Acetone 


Acetone 


C 46.85 
H 6.05 
I 38.09 
N 4.21 
C 62.48 
H 8.91 
Br 20.79 
N 3.64 
C 63.30 
H 9.11 
Br 20.05 
N 3.52 
C 64.07 
H 9.29 
Br 19.37 
N 3.48 
C 67.64 
H 8.23 
N 5.45 
S 6.23 
C 64.77 
H 9.45 
Br 18.74 
N 3.28 
C 65.48 
H 9.61 
Br 18.13 
N 3.18 
C 66.62 
H 9.90 
Br 17.05 
N 2.99 
C 67.62 
H 10.15 
N 2.82 
C 68.69 
H 10.38 
N 2.67 


46.85 
6.36 


38.34 
4.28 


62.49 
8.86 


20.51 
3.38 


63.64 
9.40 


20.16 
3.28 


63.80 
9.33 


19.13 
3.32 


67.68 
8.52 
5.36 
6.18 


64.96 
9.50 


18.32 
3.58 


65.29 
9.69 


18.10 
3.20 


67.16 
10.05 
17.41 
2.88 


67.99 
10.17 
2.75 


69.15 
10.60 
2.64 


Table III--ln Vitro Antibacterial and Antifungal Assay 


Minimal Inhibitory Concentration, pglml 
S. S. 8. K. E. E.  A. A. 


Compound aureusa pyogenes* bronchisepticaC pneumoniaed aerogenese colil pullulansg nigerh 
- I - - - 200 200 Ia 60 20 


Ic 60 60 200 200 100 200 - 200 
Id 10 10 100 100 100 200 60 200 
Ie 10 10 20 60 10 60 20 10 


60 60 60 60 60 100 20 200 
Ii 1 10 10 20 60 60 - - Ih 


Ijk 
I1 
Im 
In 
Io 


1 
1 


~~ 


20 
1 


10 10 
10 10 
20 20 
10 10 
10 100 
10 20 
10 10 
10 10 
1 1 


20 20 
20 20 


IIi 1 10 ~~. 


IIj 
Cetylpyridinium 


10 
1 


~~ 


60 
10 


20 
10 


- 
60 


100 


60 
20 
60 
1 


20 
20 
10 


20 
- 


~. 


10 
10 
- 
- 
60 


200 
100 
60 
60 
60 
20 


100 
20 


60 


- 


- 


60 200 10 10 
- - 20 60 


- 
60 


100 
60 
10 


100 
60 
20 


60 


- 


- 


- 


- 
200 
200 


200 
100 
- 


100 
100 


60 
- 


- 


- 
- 


100 
20 


200 
100 
60 
10 
10 


- 


- 
- 
- 
60 


bromide] 
Benzal konium 10 10 20 10 10 200 60 - 


chloridek 


a Merck Bacteria (MB) 2865. MB 2874. MB 3551. MB 3123. MB 1503. f MB 2884.8 MF 4341. h MF 442. Greater than 200 pg/ml. J K & K Laboratories. New 
York, N.Y. & Hyamine 3500, Rohm & Haas, which contains alkyl(5096 C-14.40% C-12,10% C-16) dimethylbenzylammonium chloride as an 80% solution in ethanol. 
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Table IV-Antimicrobial Evaluation of Decvl Bromide Quaternarv Salts 


Minimal Inhibitory Concentrationo, pg/ml 
S. B. E. P. A. A. P. R. C. T. V. 


Compound aureusb mycoidesC aerogenesd aeruginosae pullulansf nigerg luteumh solanii globosumi oiridek alboatrium' 
~~ 


- 50 100 - 50 Ie 10 10 50 
IId 10 50 50 100 100 100 100 50 50 100 100 
Hexahydro- 100 100 LOO 100 100 100 100 100 100 100 100 


- - - rn 


1,3,5-triethyl- 
s- triazine 


0 Tested at 1,10,50, and 100 pglml. ATCC 6538. Institute of Paper Chemistry 509. 
ATCC 10466. ' ATCC 161 15. * ATCC 6205. 


Institute of Paper Chemistry 500. e ATCC 10145. f ATCC 9348.8 ATCC 6275. 
ATCC 8678. V3H. Greater than 100 pglml. 


Table V-Microbial Periodontal Disease Screen for 3-(C-8-C- 
I8)-Alkyl Bromide Salts of 3-Methyl-6-phenyltetrahydro-ZI-Z- 
1,3-oxazine 


Zone of Inhibition, mm diametera 
0. Bacteroides Strep. S. E. 


Compound uiscosus sp. SL-Id aureuse colif 


IIb 26 17 15 11 21 
I I C  34 22 20 13 20 ~. 


IId 32 27 21 15 20 
IIf 32 23 20 :k 
IIi 


_ _  -_ 
-~ -_ -_ 10 18 
25 20 17 8 13 
17 12 10 0 9 
10 9 0 0 8 


I I j  15 0 0 0 0 
Control A* 17 14 20 8 9 
Control Bh 28 35 24 15 23 


For all compounds, a concentration of 50 p I6 35 mm diameter assay disk was 
used. MB 2065. c MB 2022. ATCC 9637.7 AT& 6538. 8 l,l'-Hexamethyl- 
enebis[5-(2-ethylhexyl)biguanide]-2HCI, 50 pg/disk. Chlortetracycline, 5 pg/ 
disk. 


Table VI-Zn Vivo Rat Dental Plaque and Calculus Inhibition 


Concentration in Drinking Percent of Control 
Compound Water, % (w/w) Plaque Calculus 


Ie 
IId 
Control A" 
Quaternary saltb 
IId 
Quaternary saltb 


0.01 
0.01 
0.01 
0.01 
0.05 
0.05 


200 80 
30 66 .. ._ 


20 125 
15 65 
0 15 
0 30 


l,l'-Hexamethylenebis[5-(2-ethylhexyl)biguanide]~2HCl. b Cinnamyldi- 
methyldodecyl ammonium chloride. 


economic losses were included. Method details were reported (7); con- 
centrations of 200,100,60,20,10,5, and 1 pg/ml of test compound in brain 
heart infusion agar culture medium2 were run in duplicate as outlined. 


Broad spectrum antimicrobial efficiency appeared to peak and ap- 
proximate that of benzalkonium chloride in both series of compounds 
when the quaternary alkyl methyl bromide salts were of C-104-12 chain 
length. The higher alkyl derivatives, 11, Im, and IIj, proved effective only 
for Gram-positive bacteria, similar to the nonquaternary salt Ia. Failure 
to inhibit any microorganisms was observed with Ib, If, Ig, and Ip with 
Staphylococcus aureus, Streptococcus pyogenes, Bordetella bron- 
chiseptica, Klebsiella pneurnoniae, Enterobacter aerogenes, Escherichia 
coli, Aureobasidium pullulans, and Aspergillus niger. Additionally, no 
inhibitory action was obtained at the maximum concentration, 200 pglml, 
for all compounds against Pseudomonas aeruginosa (MB 418 and MB 
2245). Proteus mirabilis (MB 35491, Fusarium sp. (MF 4648), and 
Cephalosporium sp. (MF 4641). 


Two representatives of the more active compounds, Ie and l-decyl- 
1,6-dimethyl-6-phenyltetrahydro-W-1,3-oxazinium bromide (IId), were 
compared in uitro (Table IV) with a commercial antimicrobial, hexahy- 
dro- 1,3,5-triethyl-s-triazine, using microorganisms relevant to biode- 
terioration and the noted procedure (7). Compound IId was at  least 
equipotent to the triazine; Ie had a significantly narrower antifungal 
spectrum than both but was markedly superior against Gram-positive 
bacteria. 


The suspected periodontal disease organisms, Odontornyces oiscosus, 
Racteroides sp., and the cariogenic Streptococcus SLI strain, along with 


Difco. 


a general Gram-positive type, S. aureus, and a Gram-negative bacteria, 
E. coli, were studied for sensitivity to the oxazinium salts (Table V). Brain 
heart infusion agar, enriched with 5% sucrose for the Streptococcus, was 
used as the culture medium. A paper disk, medicated by wetting with 
0.025 ml of compound stock solution, was placed on the surface. Five 
milligrams of compound was dissolved in 0.1 ml of dimethylformamide 
and diluted to 2.5 ml with distilled water to provide 50 pg/0.025 ml. All 
inoculum cultures were 16-24 hr old, and 5 ml was added to 200 ml of 
medium (10 m1/200 ml of medium for 0. uiscosus); 10 ml of each mixture 
was used per plate. 


Incubation was overnight a t  37O in anaerobe jars under nitrogen-car- 
bon dioxide, and diameters of inhibition zones were measured. Anti- 
bacterial efficiencies appeared maximal with the nonyl, decyl, and un- 
decyl bromides (IIc-IIe) and were much higher than with the bisbi- 
guanide (Table V) control across the spectrum of microorganisms. The 
bacterial efficacy and structural requirements for in uitro dental anti- 
plaque activity of this compound and 15 related guanide and biguanide 
derivatives were studied previously (8). The second control, chlortetra- 
cycline, a t  one-tenth the dosage was appreciably more effective agmnst 
Bacteroides sp. and approximately matched the beet compounds for the 
other four bacteria. 


Compounds Ie and IId were further evaluated as inhibitors in uiuo of 
dental plaque and calculus in rats (Table VI) and hamsters. Ten male 
weanling rats, Holtzmann strain, in each group were given a high sucrose 
diet, NIH 2000 (9), ad libitum and drinking water medicated with each 
compound at  0.01% concentration. After 14 days and then a t  weekly in- 
tervals, the upper six molar teeth were scored for plaque and calculus. 
Control animals on the same diet were given nondosed distilled drinking 
water. 


Data were averaged over the 5-10-week test period and compared with 
the bisbiguanide (Control A) and cinnamyldimethyldodecyl ammonium 
chloride. Compound Ie-treated animals appeared to have twice the 
surface deposition of plaque as compared to those without medication. 
In similar studies, antimicrobials such as subtilin and nalidixic acid 
caused increased caries over untreated controls; one mechanism postu- 
lated is the selective removal of competing noncariogenic microflora 
(10). 


The cinnamyl quaternary salt derivative and IId at  0.05% concentra- 
tion in drinking water prevented plaque completely and reduced calculus 
to less than one-third of the control. Corresponding tests in hamsters 
indicated both compounds to be ineffective. Differences in dental plaque 
properties and treatment responses between the two species (11) and 
methods for caries prevention assay in hamsters (9) were reported pre- 
viously. 


EXPERIMENTALs 
Table I compounds were prepared as halide salts according to the 


method described for Ic; the normethyl and I-ethyl base homologs were 
intermediates for Ia and In, respectively. Other salts were synthesized 
from the bromide as outlined for Ih. The same procedures were employed 
for Table I1 compounds, and 3,6-dimethyl-6-phenyltetrahydro-2H- 
1,3-oxazine (1) served as the base for all. No effort was made to improve 
yields or to separate isomers. 


IR spectra appeared consistent with the structures assigned. Halide 
salts were characterized by PMR spectra in methanoLd4, except for 10 
which required trifluoroacetic aeid for solubilization. The 4-phenyl group 
of I compounds appeared as a multiplet (5H) between 7.2 and 7.6 ppm 


~~ ~ 
~ ~~~ 


Melting points were taken in open capillar tubes with a Thomas-Hoover ap- 
paratus and are uncorrected. IR spectra were oztained from mineral oil mulls with 
a Perkin-Elmer model 137 spectrophotometer. and NMR s ectra were obtained 
with a Varian T-60 (60 MHz) spectrometer. Chemical shifta ($are reported in parts 
per million relative to tetramethylsilane. 
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[the phenylmethyl derivative, Ip, 7.1-7.8 ppm (IOH)], and the vinyl 
proton (1H) appeared as a broad singlet a t  6.0-6.3 ppm. The 6-phenyl 
group of I1 compounds was in the same range downfield, and the 2- 
methylene group (OCH2N) appeared as a doublet of doublet, 4.41 and 
4.58 ppm and 4.80 and 4.95 ppm, probably corresponding to the axial and 
equatorial protons, respectively4. 
l-Methyl-l-octyl-4-phenyl-1,2,3.6-tetrahydropyridinium Bro- 


mide (1c)-A solution of 3.5 g (0.02 mole) of 1-methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine (1) and 10 g (0.05 mole) of 1-bromooctane in 
50 ml of anhydrous acetone was heated on a steam bath for 12 hr. The 
mixture obtained upon final cooling in an ice bath was filtered. Then the 
crystalline solid was washed with cold acetone and diethyl ether and 
purified by recrystallization, 1 g/50 ml of acetone, to provide colorless 
needles. 
l-Decyl-l-methyl-4-phenyl-l,2,3,6-tetrahydropyridinium o- 


Sulfobenzimide (1b)-One gram (0.0025 mole) of l-decyl-l-methyl- 
4-phenyl-1,2,3,6-tetrahydropyridinium bromide (Ie) was suspended in 
100 ml of warm ( 3 5 O )  deionized water with stirring, and a solution of 3.0 
g (0.012 mole) of sodium o-sulfobenzimide dhydrate in 10 ml of deionized 
water was dripped in (10 min). The product separated initially as a col- 
orless oil and solidified upon mixing an additional 2 hr, followed by 
cooling in an ice bath. The water-washed and air-dried colorless solid was 
recrystallized by solution of 1 g in 2 ml of acetonitrile and addition of 
approximately 18 ml of ether until incipient turbidity. The colorless plates 
obtained were washed with cold acetonitrile-ether (1:9 v/v). 
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Abstract 0 This investigation generated data characterizing a specific 
electron-capture GLC assay reported previously for naltrexone and ap- 
plied the method to a determination of naltrexone pharmacokinetics. 
Extraction efficiencies are reported for the assay, and mass spectral ev- 
idence indicates that naltrexone forms a triester when derivatized for 
electron-capture GLC with pentafluoropropionic anhydride and a base 
catalyst. Plasma level-time data for intravenous naltrexone at  two dose 
levels in monkeys yielded no evidence of dose-dependent kinetics. A 
two-compartment open pharmacokinetic model was fitted to plasma 
level-time data for naltrexone in two dogs and yielded a total body 
clearance of 51-55 dminhcg. Urine collected for 0-24 hr contained 36% 
of the dose as naltrexone conjugates with less than 1% as unchanged 
naltrexone. Plasma level-time data for intravenous naltrexone in six 
monkeys yielded an average terminal half-life of 7.8 hr and a total body 


Naltrexone, a narcotic antagonist, has been investigated 
for use in the treatment of opioid dependence (1). In hu- 
mans, most of the typical responses to a heroin challenge 


clearance of 64 ml/min/kg. The total body clearance for naltrexone was 
greater than the hepatic plasma or blood flow in both dogs and monkeys. 
This finding, together with the extremely low renal excretion of nal- 
trexone, suggests the existence of elimination mechanisms besides liver 
metabolism and renal excretion. 


Keyphrases 0 Naltrexone-plasma kinetics after intravenous bolus 
administration, dogs and monkeys, electron-capture GLC m a y  
Pharmacokinetics-naltrexone after intravenous bolus administration, 
dogs and monkeys, electron-capture GLC assay 0 GLC, electron cap- 
ture-specific assay for naltrexone Narcotic antagonists-naltrexone, 
pharmacokinetics after intravenous bolus administration, dogs and 
monkeys, electron-capture GLC assay 


(25 mg iv) are blocked by naltrexone for 48-72 hr after a 
100-mg oral dose (2). Because the duration of action of 
naltrexone is short in relation to that considered optimal 


002245491 1910400-04 7 j$O 1.0010 
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9). On treatment with methanol, this residue deposited white granules 
of sitosteryl glucoside (50 mg), mp 255’. The identity was confirmed by 
hydrolysis (dilute hydrochloric acid) of the glycoside to afford the agly- 
cone sitosterol, mp 135-137’ (methanol) (GLC-mass spectrometry), and 
glucose (TLC and co-TLC). Finally, a direct comparison with authentic 
sitosteryl glucoside’ showed them to be identical (IR spectrum, melting 
point, mixed melting point, and co-TLC). 


Chromatography (Column 111)-The mother Jiquors from the 
crystallization of naringenin, fraxetin, and sitosteryl glucoside were 
combined (11.27 g), adsorbed.onto silicic acid4 (30 g), and chromato- 
graphed over silicic acid4 (300 g) in chloroform. Elution with chloro- 
form-methanol (9:l) gave a fraction (3.01 g), which was treated with 
methanol (100 ml). The methanol-soluble portion (1.69 g) was chroma- 
tographed over silica gel3 (40 g) in chloroform-ethyl acetate (1:3). 


Isolation of Aromadendrin (111)-Elution with chloroform-ethyl 
acetate (1:3) (1 liter) afforded a residue. On treatment with methanol, 
this residue gave white granules of aromadendrin (dihydrokaempferol) 
(14 mg), mp 246’ [lit. (14) mp 248’1, [a]g +22.0’ (c 0.5, methanol) [lit. 
(14) [u)g +26’]; UV: A,, (methanol) 228 (log c 3.93) and 293 (3.80) nm; 
I R  u,,, (potassium bromide) 1640,1590,1518,1470,1440,1410,1360, 
1288,1255,1190,1170,1128,1110,1088,1022,995,958,935,865,850,835, 
810,760, and 735 cm-’; mass spectrum (M+): mle 288 (43%), 259 (55), 
165 (22), 153 (loo), 136 (36), 134 (411,107 (51),77 (121, and 69 (18). This 
compound was identified as aromadendrin (dihydrokaempferol) by direct 
comparisons (UV, IR, and mass spectra, optical rotation, melting point, 
mixed melting point, and co-TLC). 


Isolation of Kaempferol (1V)-Continued elution with chloro- 
form-ethyl acetate (1:3) (1 liter) gave a residue. On treatment with, 
chloroform-methanol, this residue afforded yellow crystals of kaempferol 
(20 mg), mp 285’ [lit. (15) mp 280’1; UV A,, (methanol) 215 (log t 4.061, 
268 (4.00), and 370 (4.09) nm; I R  umax (potassium bromide) 3320 (br), 
1655,1615,1570,1505,1385,1320,1255,1225,1175,1088,1008,972,880, 
845,830,815, and 795 cm-I; mass spectrum (M+): mle 286 (loo%), 258 
(11), 229 (8), 153 (181, 136 (8), 134 (81,121 (16),69 (121, and 65 (8). A direct 
comparison (UV, IR, and mass spectra, melting point, mixed melting 
point, and co-TLC) with an authentic samples confirmed the identity. 


7 Dr. D. J. Slatkin, Department of Pharmacognosy, School of Pharmacy, Uni- 


* Dr. W. E. Hillis. CSIRO, Melbourne, Australia. 
versity of Pittsburgh, Pittsburgh, PA 15261. 
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Abstract 0 A sensitive and specific high-performance liquid chroma- 
tographic determination of aminocaproic acid in serum is described. 
w-Aminocaprylic acid is used as an internal standard. To 10 pl of serum, 
10 pl of the internal standard solution and 50 pl of ethanol are added. 
After centrifugation, a portion of the supernate is evaporated. The residue 
is dissolved in 750 pI of 50 m M  dibasic sodium phosphate, and then 250 
pl of fluorescamine in acetonitrile (35 mg/100 ml) is added. The reaction 
mixture is chromatographed using a column of octadecylsilane bonded 
to silica and 44% acetonitrile in 0.5 mM phosphoric acid as the eluent. 
Quantitation is achieved by monitoring either the absorbance of the ef- 


fluent at 405 nm or the fluorescence of the compounds with a fluorometer 
equipped with a flowcell. The method is reproducible, simple, and fast 
and has a precision of 4.4%. 


Keyphrases Aminocaproic acid-high-performance liquid chroma- 
tographic analysis in serum High-performance liquid chromatogra- 
phy-analysis, aminocaproic acid in serum 0 Hemostatic agents- 
aminocaproic acid, high-performance liquid chromatographic analysis 
in serum 


Aminocaproic acid’ (I), an antifibrinolytic agent, in- 
hibits the conversion of plasminogen to plasmin (1,2). The 
chemistry, pharmacological properties, and mechanism 


of action of I were reviewed earlier (3). Several methods for 
the determination of I in biological fluids were reported 
(4-14). Most of these methods were either indirect or re- 
quired a large sample volume and elaborate extraction and 
purification steps. Amicar, Lederle, Pearl River, N.Y. 
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Figure 1-Effect of change in the p H  of phosphate buffer, used in the 
derivatization of aminocaproic acid (a) and w-aminocaprylic acid (0) 
with fluorescamine, on resultant peak heights. 


Two high-perforhance liquid chromatographic (HPLC) 
methods for I in physiological fluids were reported (15,161. 
One method (15) utilized postcolumn derivatization of I 
with ninhydrin and required 2 hr/sample. The fluorometric 
determination of dansylated I by HPLC (16) required 
heating for the derivatization reaction and heating of the 
column to 60°, which is inconvenient in a clinical labora- 
tory. 


Fluorescarnine*, a nonfluorescent compound, reacts very 
rapidly with primary amines to form highly fluorescent 
pyrrolinone derivatives. While fluorescamine reacts with 
other nucleophilic functional groups, only primary amines 
form fluorescent products. These fluorescent derivatives 
exhibit an absorption maximum at 390 nm and a fluores- 
cence maximum at 475 nm (17). The use of fluorescarnine 
for the formation of fluorescent derivatives of peptides and 
amines and its use in chromatography were reviewed re- 
cently (18). Only three preliminary publications dealt with 
the HPLC separation of fluorophores formed using fluo- 
rescamine. Two reports (19,20) discussed the separation 
of the fluorescamine derivatives of dopamine and nor- 
epinephrine. The third article (21) was on the separation 
of some aliphatic diamines. 


2 Flurarn, Hoffrnann-La Roche, Nutley, N.J. 
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Figure 2-Effect of change in the concentration of fluorescarnine, used 
in the derivatization of aminocaproic acid (a) and w-aminocaprylic acid 
(0). on resultant peak heights. 


The need for a rapid, simple, and accurate procedure for 
the routine determination of I in biological samples and 
the favorable properties of the reaction of primary amines 
with fluorescarnine led to the present study. The prepa- 
ration of the fluorescamine derivative of I and the elution 
and quantitation of the fluorophore by HPLC are de- 
scribed. 


EXPERIMENTAL 


Apparatus-A modular liquid chromatograph was equipped with an 
injector3, a pump4, a single-wavelength (405-nm) absorbance detector5, 
and a filter fluorometer6. The fluorometer had a primary filter7, a sec- 
ondary filte@, and a quartz flowcell. The stainless steel column, 3.9 mm 
i.d. X 300 mm, was packed with octadecylsilane bonded to 10-pm silicag. 
A stainless steel precolumn, 2.1 mm i.d. X 75 rnm, contained octa- 
decylsilane bonded to pellicular silicalo. 


Reagents-Dibasic sodium phosphate, monobasic potassium phos- 
phate, and phosphoric acid were reagent grade. Acetonitrile was distilled 
in glassll. 


Fluorescamine Solution-Fluorescamine, 35 mg, was dissolved in 


Model U6K, Waters Associates, Milford, Mass. 
Model 6000A, Waters Associates, Milford, Mass. 
Model 440, Waters Associates, Milford, Mass. 
Fluoro-Monitor analyzer, American Instrument Co., Silver Spring, Md. 


7 Corning No. 7-51. 
Wratten No. 8. 
pBondapak CIS, Waters Associates, Milford, Mass. 


lo Co:Pell-ODS, Whatman Inc., Clifton, N.J. 
1' Burdick & Jackson Laboratories, Muskegon, Mich. 
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Table I-Comparison of Serum Aminocaproic Acid Levels of 
Patients Determined bv HPLC and GLC 


Level m /liter Level, mghiter 
Patient0 FWE+$XF Patientd HP LCe HpRT6 


1 84 84 16 NDf ND 
2 99 95 17 43 42 
3 106 106 18 84 R I  .. _ _  
4 133 113 19 107 97 
5 143 143 20 210 195 
6 158 142 21 244 235 
7 203 195 22 283 283 
8 208 202 23 379 379 
9 218 214 24 381 331 _ _ _  _ _ _  ~~ 


10 227 23i 25 381 390 
11 249 225 26 389 403 
12 258 256 
13 263 272 
14 333 356 
15 550 554 


a For Patients 1-15 (n  = 15). slope = 1.04, r = 0.996, and intercept = -10.7. 
Using abeorbance detector. 405 nm. See text for details. Analyzed by the method 


For Patients 16-26 (n  = II), slope = 1.03, r = 0.999, and 
Using fluorescence detector. See text for details. f None de- 


of Keucher et al. (14). 
intercept = -7.1. 
tected. 


100 ml of acetonitrile. Other concentrations of fluorescamine needed to 
study the derivatization conditions also were prepared in acetonitrile. 


Internal Standard Solution-u-Aminocaprylic acid12 (II), 40 mg, 
was dissolved in 100 ml of water. 


Reference StandardsIndividual solutions containing 5,10,20,40, 
and 60 mg of 112 in 100 ml of water were prepared. Similar concentrations 
of I in human serum also were prepared. 


Procedure-The internal standard solution, 10 pl, was added to 10 
pl of serum followed by 50 pl of ethanol. The contents were mixed and 
centrifuged. A portion of the supernate was transferred to another tube 
and evaporated under nitrogen at  room temperature. The residue was 
dissolved in 750 pl of 0.05 M Na2HP04 (pH 9.3), and 250 pl of the fluo- 
rescamine solution was added with mixing. 


Chromatographic Conditions-The column temperature was am- 
bient. The mobile phase consisted of 44% acetonitrile in 0.5 mM H3P04. 
The flow rate was 1.8 ml/min. The volume of sample injected was 10-25 
~ l .  The absorbance of the eluted fluorophores was measured at  405 nm 
with the electrometer set at 0.005 aufs. The fluorescence of the fluoro- 
phores was measured using the fluorometer with the relative intensity 
scale set at 0-10. 


RESULTS AND DISCUSSION 


Various factors affecting the elution profile were studied. The com- 
position and molarity of the eluting solvent were established first. The 
optimum concentration of fluorescamine and the pH of the phosphate 
buffer used in the derivatization of I and I1 also were determined. These 
determinations were achieved by injecting equal volumes of solutions 
containing identical concentrations of I and I1 prepared under various 
conditions and then measuring the corresponding peak heights (Figs. 1 
and 2). Accordingly, the conditions detailed under Experimental for the 
preparation and elution of the fluorophores were chosen. Under these 
conditions, the retention times for I and I1 were 5.0 and 7.8 min, respec- 
tively. The fluorophores were stable for several hours. Figure 3 shows 
typical chromatograms obtained using the absorbance and fluorescence 
detectors from serum of two patients receiving I and two that did not. 


Recovery of known concentrations of I in serum ranging from 50 to 600 
mg/liter was studied by using I1 as a reference standard and comparing 
peak height ratios to those obtained with aqueous standards of I. The 
recovery for the concentration range specified was 98.4 f 2.3% (mean f 
SD) with a range of 95.1-101.6%. 


Triplicate 10-rl samples of serum standards containing 50-600 mg of 
Ihiter were analyzed. The relationship between the concentration of I 
and the peak height ratio of I to I1 was linear by either detection method. 
As little as 10 pg of I injected onto the column could be detected by the 
fluorescence detector whereas the detection limit for the absorbance 
detector was 3 ng. 


To determine the precision of the method, 20 mg of I was dissolved in 
50 ml of serum, divided in small portions, and frozen. Seven analysts 


Sigma Chemical Co., St. Louis, Mo. 


---- 
0 4 8 1 2  0 4 8 1 2  8 4 0 1 2 8 4  0 
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Figure 3-Chromatograms of serum samples from patients receiving 
aminocaproic acid (band c) and patients that were not (a and d), using 
fluorescence fa  and b) and absorbance (c and d )  detection systems. Key: 
A, aminocaproic acid; and B, w-aminocaprylic acid. 


analyzed 10.~1 aliquota of this solution over 75 days. The mean (&SO) 
was 404.3 f 17.8 mghiter. This result shows a day-to-day precision of 
4.4%. The within-day variation was determined by analyzing one sample 
five times. The mean was 403.6 i 4.4 mghiter. 


Fifteen clinical samples were analyzed for I as already detailed and by 
the method of Keucher et a!. (14). The results (Table I) indicate an ex- 
cellent correlation between the two methods. A comparison between the 
absorbance and fluorescence detectors of the HPLC procedure showed 
an equally good correlation (Table I). 


Serum samples containing several drugs (phenobarbital, phenytoin, 
ethosuximide, methsuximide, phensuximide, primidone, and theo- 
phylline) were analyzed by this procedure to check for possible inter- 
ference. None of these compounds was detected with either the absorb- 
ance or fluorescence detector. 


The proposed method for the analysis of I in serum is rapid, sensitive, 
and easily applied to routine therapeutic monitoring for patients. Five 
samples of serum can be analyzed in 1 hr. As expected, fluorescence de- 
tection is more sensitive than absorbance detection. However, the results 
indicate that either method could be used satisfactorily in the clinical 
laboratory. 
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Abstract Theophylline protein binding was 5&%82% in serum from 
six normal adults and 42 asthmatic patients, 1-25 years old, who were 
given 5 mg of theophylline/kg. The binding range was greatest in young 
patients, but the proportion of protein-bound drug did not correlate with 
age. Theophylline protein binding was higher than previously reported. 
The effect of binding should be considered in patients who do not have 
optimal bronchodilation from theophylline despite total serum theo- 
phylline concentrations of 10-20 pg/ml. 


Keyphrases 0 Theophylline-protein binding in humans 0 Protein 
binding-theophylline in humans Relaxants, smooth muscle-theo- 
phylline, protein binding in humans 


Drug-protein interactions may influence drug distri- 
bution, metabolism, and excretion (1). The extent of 
theophylline binding to plasma proteins is said to be neg- 
ligible (2) and is not usually considered when theophylline 
clearance rates are calculated or when total serum theo- 
phylline concentrations are measured. 


In this study, theophylline protein binding was mea- 
sured in serum samples from normal adults and patients 
with asthma. 


EXPERIMENTAL 


After informed consent was obtained, six normal adult volunteers not 
previously treated with theophylline and 42 patients with asthma, 1-25 
years old, who had received long-term treatment with theophylline, were 
given 5 mg/kg PO of the drug’. Venipuncture was performed 2 hr later. 
Serum was separated and frozen a t  -10’ for up to 1 month. 


Protein binding studies were carried out a t  room temperature (22’). 
Serum, 2 ml, was placed in each membrane cone2. The cones were cen- 
trifuged three times a t  1500 rpm for 8-10 min to produce 100 jd of filtrate 
each time. Theophylline concentrations in the last two ultrafiltrate 
samples and in an aliquot of retentate were measured by high-perfor- 
mance liquid chromatography3 (HPLC) (3). 


I Quibron Elixir, Mead Johnson Canada, Candiac, Quebec, Canada. * Amicon Centriflo cones (CF50), Amicon Cor Lexington, MA 02173. 
Model 8500, Varian Instrument Division, P a k  Alto, CA 94303. 


Table I-Serum Theophylline Concentrations and Protein 
Binding Values 


Serum Theophyl- 
Theophylline line 
Concentra- Protein 


tion Binding 
Subjects f S D ,  f S D ,  Range, 


Age, years n ccn/ml % % 
~ ~ ~~~~~ ~ 


Asthmatics, 1-5 10 9 . 9 f  4.4 72.1 f 7.9 58-82 


Normal adult volunteers, 26-37 6 13.3 f 2.2 71.8 f 5.9 6 6 7 9  


Asthmatics, 6-11 16 9.0 f 5.2 70.3 f 4.0 64-76 
Asthmatics, 12-25 16 13.4 f 3.2 70.3 f 3.2 65-74 


The extent of theophylline protein binding was calculated using: 


(Eq. 1) 


where 0 represents the fraction of total drug bound to protein, Db is the 
amount of drug bound, D f  is the amount of free drug (protein-free fil- 
trate), and Dt is the total amount of drug present (bound plus free). Drug 
binding was expressed as 8%. No corrections for volume change or 
membrane adsorption were required. 


RESULTS A N D  DISCUSSION 


Serum theophylline concentrations and theophylline protein binding 
values are summarized in Table I. Theophylline protein binding was 
similar in patients with asthma and in normal adults. The range of 
binding was greatest in young children, but the proportion of protein- 
bound drug did not correlate with age. 


Previously reported theophylline protein binding values are summa- 
rized in Table 11. Theophylline was 424% bound in plasma from normal 
adults and in serum from asthmatic mothers who had ingested the drug 
(4,5). A similar range was found when theophylline was added to plasma 
from normal adults who had not received the drug (6). The extent of 
binding found in both normal adults and patients in the present study 
was higher, being 5842%: This result may be due to the various methods 
of measuring protein binding and theophylline and because either serum 
or plasma was used, both from dosed patients and from subjects to whose 
serum drug was added in uitro (P6).  


Protein binding has been assumed to be insignificant as far as theo- 
phylline distribution, metabolism, and excretion are concerned. Jenne 
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~ ~~~ 


Abstract 0 An interlaboratory procedure for the quantitative extraction 
and analysis of thebaine from different tissues of Papauer bracteatum 
Lindl. is presented. Each step was evaluated for the yield of thebaine by 
use of l-3H-thebaine and GLC. The method of drying and milling of 
tissue and the size of resultant particles were important factors in the 
quantitative recovery of thebaine. 


Keyphrases 0 Papauer bracteaturn-various plant tissues, extraction 
and analysis of thebaine 0 Thebaine-extraction and analysis from 
various plant tissues of Papauer bracteaturn Alkaloids-thebaine, 
extraction and analysis from various plant tissues of Papauer bracteatum 
0 Narcotics-thebaine, extraction and analysis from various plant tissues 
of Papauer bracteaturn 


Papaver bracteatum Lindl. is being evaluated as a 
source of the alkaloid thebaine from which codeine may 
be derived (1,2). Methods for the analysis of thebaine in- 
clude quantitative TLC followed by spectrophotometry 
(3), colorimetry (41, GLC (5 ,  6), and high-speed liquid 
chromatography 17,B). 


A United Nations Working Group on P. bracteaturn (9) 
recommended a general method for thebaine analysis. In 
this study, each step of the method is presented for the 
analysis of thebaine in roots, leaves, and capsules of P. 
bracteaturn. The purposes of this investigation were to 
maximize the yield of thebaine and to provide a basis for 
comparison of interlaboratory results of analysis of the- 
baine in such tissues. 


EXPERIMENTAL 


Plant  Culture-The seed source and plant culture were previously 
described’ (6). 


Preoaration of Tritiated Thebaine-l-3H-Thebaine was areDared 
by-theacid-catalyzed tritiation of salutaridine, followed by boiohidride 
reduction to the epimeric salutaridinols and subsequent conversion to 
thebaine. The entire sequence was first performed on the deuterated 
analogs, which permitted unambiguous assignment of the label to the 


I The plant material was identified as Pupuoer hracfeafurn Lindl. by Dr. P. G. 
Vincent and M. L. Stiff, US. Department of Agriculture, Beltsville, Md. A voucher 
(preserved and living) specimen (see Ref. 6 for numbers) representing material 
collected for this investigation is available for inspectitrn a t  the US. Department 
of Agriculture, Beltsville, Md. 


1-position by NMR and mass spectrometry. The specific activity was 6.17 
pCi/mg. 


Sample Preparation-The effects on thebaine yield of oven drying 
(60’) versus freeze drying of plant tissue were compared. The effect of 
ball2 or blade3 milling was evaluated, as was the influence of particle size 
on thebaine recovery. The residual water content of samples before 
analyses was determined. Thebaine extractions with 5% aqueous acid 
and methanol-ammonium hydroxide (98:2) were compared. The ef- 
ficiencies of other extracting solvents (5) are also discussed. 


Assay-Thebaine was determined as previously described (6). 


RESULTS A N D  DISCUSSION 


(-)-Thebaine (I) (except for the position of the double bonds), (-)- 
codeine (111, and (-)-morphine (111) have the same skeletal structure and 
absolute configuration. 


Apparently, thebaine was not stable a t  60’. Thebaine, present at time 
of harvest, may have been transformed during heat drying into other 
compounds, as evidenced by the appearance of unidentified “alkaloidal” 
substances on thin-layer chromatograms following drying and by the 
appearance of several radioactive substances following addition of 1- 
3H-thebaine to plant tissues before drying. The mechanism and nature 
of the additional substances derived from thebaine during oven drying 
have not been studied adequately; however, enzymatic and/or physical 
factors undoubtedly are involved in the transformation processes. No 
additional products from thebaine were observed when tissues were freeze 
dried, as measured by TLC of tissue extracts to which l-3H-thebaine had 
been added. 


VNCH I 


H 
ti 


I: R, = R, = CH, (double  bonds between C6--7 and  C8-14) 
11: R, = CH,, R, = H 


111: R,  = R, = H 


2 Dangoumau quantitative mierogrinder; Prolaho, Microbroyeur Quantitatif 


3 Wiley. 
Dangoumau, Appareil No. 07-449.02, France. 
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Table I-Distribution of Particle Sizes from Root Tissues of P. 
bracteaturn Prepared by Ball Milling or by Blade Milling 


Ball Mill Blade Mill 
Particle Size" g % g % 


>40 (420 pm) 0.333 2.6 0.137 0.8 
40-70 (420-210 pm) 0.533 4.2 2.647 16.1 
70-140 (210-105 pm) 6.503 51.2 10.162 61.9 
140-260 (105-56 pm) 2.713 21.4 1.772 10.8 
<260 (56 Mm) 2.618 20.6 1.707 10.4 


Particle size was determined by sievin after 2 min of ball milling and after 
passing 40- and 60-mesh sieves of blade mifling. 


Drying of Plant  Tissue-Oven drying of plant tissue a t  60' and 
freeze drying a t  -55O were compared. In all tissue types extracted k e . ,  
root, aboveground parts, stem, and capsule), 13-17'36 less thebaine was 
extracted from the oven-dried tissues than from freeze-dried tissues. Root 
tissue from identical sources prepared in a manner differing only in the 
method of drying gave thebaine values of 5.91 pg/mg of tissue versus 7.14 
pglmg of tissue for oven-dried and freeze-dried tissue, respectively. 
Fairbairn and Helliwell(10) reported that drying a t  105' rather than 60' 
led to no loss of thebaine, but they did not evaluate freeze drying. 


Extraction Solvent-The efficacy of acetic acid (5% aqueous) and 
methanol-ammonium hydroxide (982) as extraction solvents was eval- 
uated since these two systems are widely used. Other solvent systems and 
various extraction conditions were studied previously (5). Numerous 
analyses of all types of plant tissues consistently showed that the aqueous 
acetic acid (5%) extraction was 22-25% more efficient in extracting the- 
baine than methanol-ammonium hydroxide (982). The acetic acid ex- 
traction may have been more efficient because thehaine probably exists 
as a quaternary salt in the plant and protonation of the molecule under 
dilute acid conditions in an aqueous system favors "release" of the al- 
kaloid. 


One problem that may exist with tissue extraction under mild acid 
conditions is that acid-catalyzed reactions may result from protonation 
of the nitrogen atom and produce reactive salts. Acid-catalyzed reaction 
products were detected and will be the subject of a future study. 


Purification Protocol-The procedure for extraction and purification 
of plant tissues is as follows. 


Harvest the plant, freeze dry the plant parts (24-hr minimum), and 
grind the material (2 min hy hall milling). Weigh a 100-500-mg sample 
and place it in a flask with 30 ml of extraction solvent "3 aqueous acetic 
acid (v/v)]. Weigh a sample for dry weight determination and determine 
the dry weight after 12 hr a t  100". 


Agitate the sample in the extraction solvent for 1 hr. With a Buchner 
funnel, filter4 the sample. Wash the flask three times with 10-ml portions 
of extracting solvent and also wash the sides of the funnel. Rinse out a 
500-ml evaporating flask and a funnel with 10 ml of extracting solvent. 
Pour the filtered sample through the funnel into the evaporating flask 
and wash the flask with 10 ml of extracting solvent. 


Combine the extracts. Wash the extracts three times with 25 ml of ether 
when pigments, i.e., from stems and leaf tissue, are to be removed. Adjust 
the aqueous phase to pH 9.5 with concentrated ammonium hydroxide 
and add it to a separator. Wash the beaker with 10 ml of chloroform. Then 
add 20 ml of redistilled chloroform, shake, and release gas three times. 


Tap off the chloroform phase containing the alkaloids (bottom phase) 
and keep it. Add 30 ml of chloroform to the water phase (top phase) and 
shake. Repeat the procedure two more times. Backwash the chloroform 
phase with 30 ml of 0.1 N NH4OH and discard the water phase (top 
phase). 


Collect the chloroform phase in an evaporating flask and evaporate 
it to dryness in uacuo (50') under nitrogen. (Residual water, if present, 
may be removed under a stream of dry nitrogen gas.) Add 1 ml of ethanol 
containing an internal standard5. Then inject a 1 - 2 4  aliquot into the 
chromatograph and compare the peaks to the standards. 


The GLC columns were glass, packed with 2% OV-17 on 100-120-mesh 
Gas Chrom Q. 


Sample Preparation-Particle size and weight correction were im- 
portant in the determination of thebaine from tissues of P. bracteaturn 
prepared by ball milling or blade milling (Table I). Data showed a greater 
percentage of fines; i.e., more 10S56-pm particles were produced by hall 
milling than by blade milling. A finer particle size offered a greater surface 


Whatman No. 3 paper. 
6 Internal standards were cholesterol acetate and tetrahydrothebaine (1  mg/ 


ml). 


Table 11-Effect of Type of Milling on Recovery of Thebaine 
from Root and  Capsule Tissues from P. bracteaturn 


Mean Thebaine", pg 
Mill TvDe CaDsule Root Capsule6 


Blade 2927 
Ball 2730 
Total elutionC 3497 


- 843 
1266 - 
1579 3385 


0 Triplicate GLC analyses from three replicate 250-mg samples of milled tissue 
Samples were adjusted for residual water content. b Capsule tissue spiked with 
1-SH-thebaine. Total elution refers to 250-mg tissue samples placed on a glass 
chromatographic column with glass woo1 at the hottom and 1 liter of 5% aqueous 
acetie acid eluted over the sample during 12 hr. Tissue was ball milled. 


area for solvent extraction. A similar percent distribution of particle sizes 
was found when leaf, stem, or capsule tissues were ball or blade milled. 
Blade milling of capsule tissue was difficult because tissues gummed 
behind the blades; gumming resulted from the high lipid content even 
though seeds were removed before processing. 


Table 11 shows the effect of milling type on the recovery of thehaine 
from root and capsule tissue of P. bracteaturn. The thebaine content of 
capsule tissue did not differ between the two milling types, but large 
differences were evident for root tissue, i.e., 33% less in blade-milled than 
in ball-milled tissue. To determine the maximum thebaine recoverable, 
1 g of capsule tissue was placed in a 5-cm diameter glass column and 
eluted with 5% aqueous acetic acid. One liter of the acid was allowed to 
pass over the tissue for 12 hr, and the eluant was collected in a flask 
containing ammonium hydroxide. In some experiments, l-3H-thebaine 
was added to the capsule tissue before elution. 


For total elution of unspiked and spiked thebaine tissue, an average 
of 3442 f 80 pg of thebaine was recovered. Total elution (Table 11) with 
5% aqueous acetic acid of capsule tissue yielded -18% more thebaine than 
tissue incubated in the same solvent 1 hr before shake extraction, re- 
gardless of the type of milling. When l-gH-thebaine was added to any of 
the particle classes of tissues and extracted with aqueous acid for I hr, 
about 99% of the radioactivity was in the extract and supernate. About 
0.06% of the radioactivity remained in the marc. For root tissue, 17 and 
45% less thebaine were recovered after ball and blade milling, respectively, 
than after total elution. In root and capsule tissue, 1% of the isotope was 
recovered from the marc. No isotope exchange or degradation of the I -  
SH-thebaine was observed. 


Particle size and, hence, effective surface area affected thebaine yield. 
On a total dry weight basis, the fines yielded the greatest quantity of 
thebaine, although there were few differences between the particle-size 
classes on a concentration basis. In the formation of particle classes, some 
cell-type segregation may occur; i x ,  lacticifers are much finer cell types 
than sclerenchyma. Physical processes are probably also involved such 
as surface area phenomena, speed of diffusion from the particle, irre- 
versible absorption or adsorption to the particle, "bound" thebaine (lo), 
and other complex interactions. 


These data suggested that there were inherent difficulties in com- 
parison of thebaine content in tissues milled by different techniques. 
Thus, milling devices should be standardized for interlaboratory com- 
parisons. Thehaine yield apparently was higher and more consistent when 
ball milling was used. Therefore, the effect of time of ball milling of P. 
bractpaturn capsule tissue on the distribution of particle size and thebaine 
content was studied (Table 111). 


In each of the four time periods, thebaine yields were consistently the 
highest in the >260-mesh fraction and lowest in the <IO-mesh fraction. 
A milling time of 2 min gave the highest average yield of thebaine. The- 
baine yields decreased as milling time was increased beyond 2 min. This 
decrease may have resulted, in part, from heat generated from friction 
by the high velocity movement of the balls. The heat produced may have 
acted as a catalyst in the presence of natural plant acids for the decom- 
position of thebaine. 


Sample Size-A wide weight range (5 mg-1 g) of sample sizes of the 
plant tissues was analyzed for thehaine. Reproducibility was greatest in 
samples with weights of 250 mg because of tissue availability (<2% de- 
viation between replicates), although 100-mg samples were adequate 
providing they were taken from a homogeneous source. Particle segre- 
gation during storage gave samples for extraction and GLC analysis that 
were highly variable. Therefore, stored milled tissues were mixed thor- 
oughly before subsampling for thehaine analysis. 
GLC Determination of Thebaine-Thebaine was determined 


quantitatively by GLC, and the results were corroborated by TLC and 
spectrophotometry a t  285 nm (6). Working limits for linear detector re- 
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Table 111-Effect of Time of Ball Milling of P. bracteaturn 
Capsule Tissues on Distribution of Particle Size and Thebaine 
Content a 


Sieve 
Milling Mesh Weight Thebaine 


Time, min Size g % Weight,% T A%* 


1 .o >40 
40-70 
70-140 


140-260 
<260 


2.0 >40 
40-70 
70-140 


140-260 
<260 


3.0 >40 
40-70 
70-140 


140-260 
<260 


4.5 >40 
40-70 
70-140 


140-260 
<260 


4.77 
4.62 
6.41 
1.19 
0.95 
0.92 
4.14 


11.63 
4.59 
3.26 
0.22 
1.18 
7.30 
1.90 
4.30 
0.09 
0.33 
7.12 
3.10 
4.57 


27 1.12 
26 1.20 
36 1.31 1.264 -1.7 
6 1.60 
5 1.64 
4 0.99 


17 1.06 
47 1.21 1.286 - 
19 1.51 
13 1.62 ~ ~~ ~. 


2 0.95 
8 0.96 


48 1.07 
13 1.35 
29 1.53 


1 0.83 ~ ~~ 


2 0.89 
47 1.06 
20 1.31 
30 1.47 


,229 -4.4 


.227 -4.6 


a Capsules were deseeded, crushed, freeze dried for 24 hr, and ball milled. * Percent difference from 2 min of milling time thebaine yields. 


sponse were 0.1-1.0 pg of thebainehample. Detector and/or integrator . saturation occurred when the thebaine concentration per GLC injection 
exceeded -2 pg. Reproducibility between triplicate analyses a t  each 
concentration of alkaloid was fl%. Integrator responses to samples 
yielding <lo5 pvlsec were reanalyzed to give counta >I@ either by ad- 
justment of the injection volume or by increased electrometer sensitivi- 
ty. 


Linear detector responses for isothebaine, papaverine, alpinigenine, 
laudanosine, salutaridine, reticuline, and several additional alkaloids from 
Papauer except morphine were similar. The detector response was not 
linear with morphine because i t  severely tailed under GLC conditions, 
possibly because of adsorption onto the column. Morphine was calibrated 
as its N,O- bis(trimethylsi1yl)acetamide derivative for samples suspected 
of containing this alkaloid but was not usually included in standard cal- 
ibration mixtures. 


GLC flame-ionization responses to varying concentrations of thebaine 
uersus a constant level of cholesterol acetate were linear throughout the 
range analyzed. Linear ratio detector responses also were obtained when 


tetrahydrothebaine was used as an internal standard. The disadvantage 
of tetrahydrothebaine in routine analyses, alone or in combination with 
cholesterol acetate, was its relatively short retention time, especially at 
high column temperatures. Tetrahydrothebaine usually eluted from the 
GLC column as a rider to the solvent peak, which may have complicated 
manual peak area determinations. Laudanosine, antipyrine, and 
tetra hydropalmatine were not suitable for use as internal standards in GLC 
analyses, although they were recommended by the Third Working Group 
on P. bracteatum (9). 


A small quantity of thebaine (<I%) dways adsorbed to new OV-17-Gas 
Chrom Q columns. Saturating the columns with an alkaloid standard 
containing thebaine (-0.2-0.4 rg) by injection of standard mixtures 
obviated this problem. Calibration solutions consisted of 1 pg of choles- 
terol acetate plus 0.2-1 pg each of thebaine, isothebaine, and codeine in 
1 ml of absolute ethanol. 


By carefully standardizing and checking each step of the procedure 
for loss of thebaine, i t  was determined that this procedure can be used 
for comparison of intra- and interlaboratory analyses. 
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Abstract The natural abundance W!-NMR spectra of brucine and 
strychnine were obtained using the pulse Fourier transform technique. 
The chemical shifts of various carbon resonances were assigned on the 
basis of substituent effects on benzene shifts, intensities of signals, 
multiplicities generated in single-frequency off-resonance-decoupled 
spectra, and comparisons with the chemical shifts of structurally related 


Several literature reports show the correlation of the 
structure of the various classes of alkaloids with their 
W-NMR spectra (1-6). The structure and stereochem- 


compounds. 


Keyphrases o Brucine-13C-NMR spectrometry, chemical shifts as- 
signed Strychnine--'%-NMR spectrometry, chemical shifts assigned 
a IaC-NMR spectrometry-brucine and strychnine;chemical shifts 
assigned 


istry of strychnos alkaloids, brucine (I) and strychnine (11), 
were characterized (7, €9, but no reports are available 
concerning the assignments of their carbon resonances. 
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a t  214 nm was eightfold more sensitive and would be useful in residue 
analysis. 


denberk, P. J. A. Demoen, F. T. N. Allewijn, R. P. H. Marsboom. C. .I. E. 
Niemegaers, K. H. L. Schellekens and 1’. A. J .  Janssen, Nature, 209,1084 
( 1966). 


(2) N. A. Dickinson, H. E. Hudson, and P. J .  Taylor, Analyst, 96,235 
(1971). 


(3) Ibid., 96,244 (1971). 
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Possibility for Error in FDA Diffusion Assays 
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Abstract 0 Computational procedures specified for the FDA single-dose 
diffusion assay for antibiotics may cause substantial error in estimated 
sample potency. An unrecognized mistake in reference solution con- 
centration is the source of error. I t  is caused by correcting responses from 
standard and sample plates differently. The error can be avoided by 
correcting both standard and sample responses to the observed reference 
response. 


Keyphrases 0 FDA-assay, antibiotics, correction Antibiotics- 
analysis, FDA diffusion assay, corrections 


The single-dose diffusion assay of the Food and Drug 
Administration (FDA) has been a satisfactory antibiotic 
assay for more than 30 years. The method is about as ac- 
curate as any other diffusion method. 


Since samples and standards are on different petri 
plates, sample responses must be corrected for variations 
in zone sizes attributable to plates. To this end, one-half 
of the responses on sample plates are from a reference so- 
lution, which is also the middle concentration of the 
standard line. 


The correction procedures specified in the FDA regu- 
lations (1) are different for standards and samples and can 
cause substantial error under certain circumstances. 
Causes of errors, their sizes, and procedures for avoiding 
them will be discussed. 


DISCUSSION 


The standard line used in this assay was relatively short to avoid 
complication caused by excessive curvature. Standard concentrations 
did not follow a 1.35 multiplier exactly but were adjusted to concentra- 
tions that could be prepared accurately using volumetric pipets and 
flasks. The standard lines were computed by linear regression analysis 
and not by the modified least-squares formula of the “Code of Federal 
Regulations” (CFR) 436.105 (1). 


The data for this investigation were obtained from a Bacillus subtilis 
(ATCC 6633) pen-cylinder agar diffusion assay for cephalexin. For the 
assay, plastic petri plates (lo0 X 15 mm) contained a single 10-ml layer 
of Medium 1 (2) seeded with R. subtilis spores. Standard and sample 
solutions were made from a freshly prepared stock solution in pH 6.0 
buffer. Standards containing 2.00,2.75,3.75,5.00, or 6.50 pg of cephalexin 
activitylml and samples containing 2.75,3.00,4.00, or 6.00 pg of activ- 
ity/ml were applied a t  a dosage of 0.2 mllcylinder. The solution used for 
the 2.75+g/ml sample was the same solution used for the 2.75-pg/ml 
standard. Plates were incubated a t  30’ for 16-18 hr, and inhibition zones 
were measured to the nearest 0.01 mm with an antibiotic zone reader’ 
as described elsewhere (3). 


Zone diameters are given in Table I. A standard line graph is given in 


’ Fisher-Lilly. 


Table I-Standard and  Sample Responses 
Standard, Response, mm 


d m l  Standard Reference 


2.00 14.25 16.14 
2.75 


(3.75) 
5.00 
6.50 


15.71 
(16.1.) 
18.12 
19.31 


16.08 


16.07 
16.18 


- 


Response, mm 
Sample Sample Reference 


1 
2 
3 
40 


16.12 
19.14 
17.21 
15.20 


16.19 
16.31 
16.01 
15.61 


The plates for this Sam le were purposely incubated at a temperature slightly 
different from the standarxplates. 


Fig. 1. Estimated potencies computed as required by the CFR 436.105 
(1) and by two modifications are given in Table 11. All potencies were 
interpolated from the best straight line through the standard responses. 
The reference standard was purposely made a t  3.0 wg/ml and not of the 
3.75 pglml ita label indicated. This fact placed a small bias in all potencies, 
as could be inferred from Fig. 1. 


19 


18 ,  


I I 1 I I I I 
2 3 4 5 6 7  


CEPHALEXIN, pg/ml 


Figure 1-Calibration line for an assay of cephalexin by B. subtilis 
(ATCC 6633). The true concentration of the reference solution (3.75 
figlml) point is 3.00 pglml. The dashed line is the least-squares best line 
through the fioe points. 
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Table 11-Potencics Computed by FDA and Lilly Procedures 
from thc Best Straight  Lines 


Five-Point Four-Point 
Line, Line 


True Including Excluding 
Concen- Reference Reference 
tration, Point Point, 


Samule d n l  FDA Li l ly  Iilly 


1 3.00 3.69 3.15 3.02 
2 6.00 7.36 6.27 6.02 
3 4.00 4.99 4.26 4.09 
4 2.75 3.40 2.90 2.79 


lieference. m m  16.79 16.12 16.12 
Mean computational error, t24 t 5  0 


Standard responses were corrected to the observed mean reference 
concentration response (“3.75” pgiml) on all standard plates. Sample 
plate responses were corrected to the theoretical reference response, the 
3.75-pg/mI point on the best straight line through the five standards as 
required by regulations (1 ).These results are given in the “FDA” column 
of Table 11. 


A second set of potencies was obtained from the same data by cor- 
recting sample zones to the observed reference as was done for standards 
and interpolating from the same straight line. These results are given in 
the “Lilly” column of Table 11. A third set of potencies was obtained by 
correcting to the observed reference and by rejecting the obviously er- 
roneous reference response when computing the best straight line. These 
results were taken as the true sample assay. 


The computational error of t2496 in the FDA procedure was caused 
by the computed reference diameter required by the CFR (1). The error 
caused hy including the  erroneous reference point in the calculation of 
the best straight line was about 5%. 


The plates for Sample 4 were incubated a t  a temperature slightly dif- 
ferent from that of the standard plates. Since each response was corrected 


to the reference concentration, this difference in temperature and the 
resultant reduction in zone diameters had no effect on the calculated 
sample potency. 


The correction procedure of Ref. 1 is without error only when the ob- 
served mean reference diameter is identical with that interpolated from 
the best straight line. Since this is an unlikely occurrence, a different 
correction scheme should be used. Correcting both standard and sample 
responses to the response observed for the reference and then calculating 
estimated potencies from the regression equation will avoid the errors 
of the CFR (1). 


Proper plate correction is o f  more than academic interest because 
computational errors as great as 40% have been reported from other 
laboratories’. Such an error was caused by using a reference about 
three-fourths as concentrated as it was thought to be. Large errors seem 
to be rare, but smaller ones are not. In one series of 40 response lines from 
16 laboratories, seven of the reference zones, including the one just 
mentioned, were obviously in error and nine other standard zones had 
errors. Except for the reference, errors were evenly distributed among 
the other four standards. Three calibration lines had two obvious errors 
in them. All of these lines were used in the laboratories reporting the 
work. 
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Abstract 0 A high-pressure liquid chromatographic method was de- 
veloped for the quantitative determination o f  feprazone, a nonsteroidal 
anti-inllammatory agent, in dit’ferent pharmaceutical formulations. The 
results agrce with those obtained with GLC and 17V spectrophotometric 
assays. 


Kcyphrases 0 High-pressure liquid chromatography-analysis, fe- 
prazone in various pharmaceutical formulations 0 Feprazone-analysis, 
high-pressure liquid chromatography, various pharmaceutical formu- 
lations o Analgesics-feprazone, analysis in various pharmaceutical 
lormulat ions, high-pressure liquid chromatography 


Fe p r a zon e ( 4 - p r e n y 1 - 1,2 - d i p he n y 1 - 3,5 - p y r azol i d i ne - 
dione) is a nonsteroidal analgesic, antipyretic, and anti- 
inflammatory agent with a low ulcerogenic potential. 
Feprazone has been determined in pharmaceutical for- 
mulations and in body fluids by potentiometric titration 
(11, UV spectrophotometry (2),  TLC ( 3 ) ,  GLC (4-6), and 
radioisotopic techniques (7). 


This paper describes the quantitative determination of 
feprazone in capsule, suppository, and cream formulations 
by a simple and rapid high-pressure liquid chromato- 
graphic (HPLC) procedure. 


The proposed HPLC method was compared to GLC ( 5 )  
and UV spectrophotometric (2) assays. 


EXPERIMENTAL’ 


HPLC--Eyuipmc.nt and Operating Conditions-A liquid chroma- 
tograph2, equipped with a UV-visible detector3 and with a septum in- 
jector*, was used. The column4 was 50 cm X 2.2 mm i.d., and the microcel15 
volume was 8 pl. The flow rate was 0.49 ml/min under a constont pressure 


All solvents were HDH AnalaR grade and were used without further purifica- 


Series 4000, Varian Aerograph, Palo Alto, Calif. 
3 Reckman DU. Reckman Instruments, Fullerton. Calif. 


Micropak SI 10, Varian Aerograph. Palo Alto, Calif. 
Circus. Milan, Italy. 


tion. 


798 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 6, June 1979 


0022-35491 791 0600-0798$0 1.001 0 
@ 1979. American Pharmaceutical Association 












High-Performance Liquid Chromatographic Assay for the 
Antiprotozoal Agent, Tinidazole, in Human Plasma 
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Abstract  0 A rapid and specific high-performance liquid chromato- 
graphic (HPLC) assay for the quantitative determination of tinidazole 
in human plasma is described. After a simple extraction procedure, the 
compound is analyzed by HPLC using a reversed-phase column and a 
UV detector. Quantitation is accomplished using an external standard, 
and peak areas are determined with an integrating computer. The average 
recovery of tinidazole over a concentration range of 0.20-20.0 pg/ml was 
86.9 f 2.8% SD. The maximum sensitivity of the assay is approximately 
0.10 pg/ml; it is suitable for use in pharmacokinetic studies following 
administration of therapeutic levels of tinidazole to humans. 


Keyphrases 0 Tinidazole-high-performance liquid chromatographic 
assay, human plasma 0 High-performance liquid chromatography- 
analysis, tinidazole in human plasma 0 Antiprotozoal agents-high- 
performance liquid chromatographic analysis in human plasma 
High-performance liquid chromatography-analysis, tinidazole in human 
plasma 


The antitrichomonal agent tinidazole, ethyl-2-(2- 
methyl-5-nitro-1-imidazolyl ethyl) sulfone (I), is one of the 
most active compounds in a series of nitroimidazole de- 
rivatives (1) active against Trichomonas uaginalis (2-5). 
Attempts to measure tinidazole or other N-1-substituted 
nitroimidazoles in plasma samples have included polar- 
ography (6-8), absorptiometry (9, lo), GLC (lo), TLC (10, 
l l ) ,  in oitro agar diffusion (la),  and high-performance 
liquid chromatography (HPLC) (13). 


Quantitation of both tinidazole and metronidazole (7, 
8) based on the polarographic assay described by Kane (6) 
lacks specificity since all drug-related species possessing 
the nitroimidazole nucleus are similarly detected. The in 
uitro agar diffusion assay (12), the absorptiometry method 
(9, lo), and the HPLC procedure (13) have maximum 
sensitivities of 0.5-1.0 pg/ml for the N-1-substituted 5- 
nitroimidazoles. This sensitivity limitation may diminish 
their usefulness in describing the initial phase of drug 
absorption or the terminal portion of the elimination phase 
in humans. 


The absorptiometric method and the pulsed polaro- 
graphic and electron-capture GLC procedures (10) require 
time-consuming isolation of the intact, parent N-substi- 
tuted nitroimidazole by TLC before quantitation. In a 
modified TLC-densitometry method (ll), direct quanti- 
tation of tinidazole and metronidazole was achieved, but 


this method is not as rapid as conventional HPLC or GLC, 
which can be automated to handle a large number of 
clinical samples. 


This report describes a simple and specific HPLC 
method for the rapid estimation of tinidazole in human 
plasma a t  concentrations suitable for pharmacokinetic 
studies. No interference from two known urinary metab- 
olites (I1 and 111) (14, 15) of tinidazole was encountered. 


EXPERIMENTAL 


Apparatus-Analyses were performed on a liquid chromatograph' 
operated at ambient temperature and equipped with a differential UV 
(313 nm) detector*. Separations were accomplished on a 30-cm X 3.9-mm 
i.d. reversed-phase column3. Samples were introduced onto the column 
through a septumless injector4 with a 25-pl syringe5. Chromatograms were 
traced on a strip-chart recorderfi, and peak area integrations were per- 
formed by an integrating computer7 interfaced with the detector by an 
analog-digital converters. 


Reagents and Solvents-Tinidazole ( I )  and two known metabolites 
of tinidazole, ethyl[2-(2-hydroxymethyl-5-nitro-l-imidazolyl)-ethyl] 
sulfone (11) and the 0-glucuronide conjugate of I1 (111). were used as re- 
ceiveds. All chemicals and reagents except m e t h a n ~ l ' ~  were reagent grade. 
Both 2-butanone and water were distilled before use. 


Chromatographic Conditions-The mobile phase was 0.05 M pH 
7.0 KH2P04-NaOH buffer-methanol (86:14 v/v) with the flow rate ad- 
justed to 2.0 ml/min (-2000 psi). The solvent mixture was prepared daily 
and degassed under reduced pressure before use. 


Extraction Procedure-An aliquot (1.0 ml) of plasma was trans- 
ferred to a 15-ml vial (16 X 125 mm) fitted with a polytef-lined screw cap 
and diluted with 2.0 ml of 0.05 M pH 7.0 KH2P04-NaOH buffer. This 
aqueous portion was extracted by vigorous shaking with 7.0 ml of pe- 
troleum ether (bp 30-60'). The mixture was centrifuged (2 min a t  
1500Xg) to obtain a clear supernate, and the organic (upper) layer was 
discarded. The aqueous layer was extracted twice with ethyl acetate (7.0 
ml) by manual shaking for 1 min, and the phases were separated by 
centrifugation a t  1500Xg for 3 min. 


The organic layers were removed with a Pasteur pipet, pooled, taken 
to dryness under a nitrogen stream in a water bath (55'), and then 
transferred to a 2.5-1111 conical centrifuge tube using ethyl acetate. The 
ethyl acetate was concentrated as described, the residue was dissolved 
in 2-butanone (0.1-0.5 ml), and aliquots (5-20 PI)  were injected onto the 
HPLC column. 


Extraction Efficiency-Blood from several untreated volunteers 
was drawn into heparinized containers" and centrifuged to generate a 
plasma pool from which an extraction efficiency was established. Known 
amounts of tinidazole dissolved in methanol were added to each of six 
11.0-ml drug-free plasma pool samples to obtain concentrations of 0.20, 
0.39.1.93,4.82,9.&32, and 20.0 pg/ml. The plasma pools were thoroughly 
mixed on a tube rotator for 30 min. Aliquots (1.0 ml) of plasma from each 
pool were transferred to 15-ml screw-capped vials and stored frozen 
(-20') until extracted as described. 


Model ALC 204, Waters Associates, Milford, Mass. 
2 Model 440, Waters Associates, Milford, Mass. 


NBonda ak/phenyl, Waters Associates. Milford, Mass. 
Model &K, Waters Associates, Milford, Mass. 
Pressure-Lok B-110, Precision Sam ling Cor 


6 Servohiter 11, Texas Instruments, #ouston. f i x .  
Model 3352B. Hewlett-Packard, Avondale. Pa. 


8 Model 18652A, Hewlett-Packard. Avondale, Pa. 
9 Tinidazole and the metabolite standards were synthesized and supplied by 


' 0  Distilled in glass, Burdick & Jackson Laboratories, Muskegon, Mich. 


Baton Rouge, La. 


Pfizer Ltd.. Sandwich, Kent, England. 


Vacutainers, Becton-Dickenson, Rutherford, N.J. 


0022-3549/ 79/0500-0599$0 1.00/ 0 
@ 1979, American Pharmaceutical Association 


Journal of marmaceutical Sciences / 500 
Vol. 68, No. 5, May 1979 







r u  rn 
2 


v1 
W 
a 


8 


e a 
V 
W 
I- 
W 
0 


- 
2 6 10 14 


MINUTES 
Figure 1 --Liquid chromatogram 
of an e thy /  acetate extract from 
drug-free plasma. The  mobile 
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KH?PO,-NaOH buffer-methanol 
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Figure 2-Liquid chromatogram 
of a mixture of tinidazole ( I ) ,  I I ,  
and I I I .  Approximately 0.2 p g  of  
each standard was injected for 
nnalysis. 


Since the prepared drug concentrations ranged over two orders of 
magnitude (0.20--20.0 pglml), varying volumes of the final 2-butanone 
dilutions were injected for analysis by HPLC. Typically, when the drug 
conrentration approached 0.2 pg/ml, one-fifth (20 p1/100 pl) of the final 
dissolved residue volume was analyzed; a t  a concentration of 20 pg/ml, 
only one-one hundreth (5 pV500 pl) of the final dissolved residue was 
injected. All samples were analyzed in duplicate. After chromatography, 
quanlitation of tinidazole was accomplished by use of the external 
standard method. 


Calibration and Standard Preparation-Tinidazole (10.0 mg) was 
dissolved i n  %butanone and diluted in a 10.0-ml volumetric flask to 1.0 


Table  I-Recovery of Tinidazole (n = 11) from Human Plasma at 
Various Concentrations 


Concentration, Plasma Eoncentration, Average 
Theoretical Plasma Avera e Observed 


wdml finlml Recovery", % 


0.20 
0.39 
1.93 
4.82 
9.82 


20.0 


0.18 89.8 f 3.7 


1.64 85.2 f 2.3 
0.34 88.2 i 3.3 


~ ~~ 


4.16 
8.20 


17.7 


86.2 z 2.6 
83.5 f 2.5 
88.6 f 2.5 


f SD b CV = 3.2% 


pg/pI .  Two additional stock solutions were prepared containing 0.10 and 
0.01 pg/fil of tinidazole by serial dilution of the l.O-pg/pl stock solution 
with 2-butanone. Since the external standard method prepared from the 
software section of the computer assumes a linear relationship between 
micrograms injected and peak area (microvolt-seconds as reported by 
the integrating computer), this relationship was initially evaluated by 
repeated ( n  2 5) injections of 0.25,0.20,0.15,0.10,0.05, and 0.025 pg of 
tinidazole from the 2-butanone stock solutions. Thereafter, an average 
calibration response factor was established by the computer following 
triplicate injections equivalent to 0.15 pg of tinidazole. 


Specificity-Assay specificity was determined by analyzing a 
methanolic solution containing a mixture (0.2 pg) of tinidazole and two 
of its known urinary metaholites (11 and 111). A portion of an extract (20 
pg/lOO pl) from a drug-free plasma sample was evaluated chromato- 
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Figure 3-Representatioe chromatograms of ethyl acetate extracts from 
human plasma spiked with 0.2 (A)  and 20.0 (B) pgglml of tinidazole. 
Detector response was at 0.005 aufs.  
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graphically for the presence of any extractable ethyl acetate UV-ab- 
sorbing (313 nm) material that might interfere with tinidazole mea- 
surement. 


RESULTS AND DISCUSSION 


A successful chromatographic assay for drug levels in the large number 
of plasma samples generated from a clinical study would provide highly 
reproducible drug recovery, specificity, sensitivity, precise measurement, 
and rapid throughput of samples. 


The average recovery of drug from plasma samples to which tinidazole 
had been added was 86.9 f 2.8% SD (Table I). Linear regression analysis 
of percent recovery uersus plasma concentration revealed no statistically 
significant slope (8) ( p  = 0.7431). These data, therefore, suggest that 
there is no concentration dependence on extraction efficiencies over the 
range of expected plasma drug levels (10-12). 


Tinidazole was monitored a t  313 nm since its A,,, was observed in 
methanol a t  310 nm (c  = 9070). Ethyl acetate extracts from drug-free 
plasma were free of interfering UV- (313 nm) absorbing peaks (Fig. 1). 
Preextraction with petroleum ether eliminated nonpolar material that 
would otherwise be highly retained on this reversed-phase system. Little 
or no loss of tinidazole was encountered in this step. 


Baseline resolution among tinidazole, 11, and 111 was achieved under 
the chromatographic conditions described (Fig. 2). The observed reten- 
tion times (t,) for 111, 11, and I were 2.73,6.12, and 8.96 min, respectively. 
Representative chromatograms of plasma extracts containing 0.20 and 
20.0 wg/ml of tinidazole are shown in Fig. 3. 


Linear regression analysis of the curve described by plotting micro- 
volt-seconds (area) uersus micrograms injected indicated a linear fit of 
the data (r2 = 0.9994) from 0.025 to 0.25 pg. The slope was 474.75 
pv-sec/ng; the intercept, which was not significantly different from zero 
( p  < 0.05), was 1512 pv-sec. Over 2 months, the slope of this line dem- 
onstrated little change, with a coefficient of variation equal to 3.83% ( n  
= 16). 
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Abstract  0 The glass transition temperatures of citric acid glass were 
determined by differential scanning calorimetry to be 10.2 and 13.5' for 
in situ and bulk-prepared samples, respectively. Mechanical stress on 
citric acid glass induced faci for crystallization. Benzoic acid addition to 
citric acid glass decreased i ts  glass transition temperature while pheno- 
barbital addition increased i ts  glass transition temperature, the latter 
forming a glass Rolution. 


Keyphrases Class transition temperature-citric acid glass, benzoic 
acid, mechanical stress, phenobarbital 0 Citric acid-glass formation, 
glass transition temperature, benzoic acid, phenobarbital Glass for- 
mation-citric acid, benzoic acid, phenobarbital 0 Phenobarbital-glass 
formation with citric acid 


A glass is generally defined as a noncrystalline solid 
formed by continuous hardening or solidification of a liq- 
uid (1,2).  The use of organic compounds capable of glass 
formation to reduce the particle size of a drug and to in- 
crease its dissolution and absorption rates was first sug- 
gested by Chiou and Riegelman (3). They proposed the 
formation of a glass dispersion of a poorly water-soluble 


drug and a physiologically inert carrier such as citric acid. 
The concept3 involved in glass solution and glass suspen- 
sion formation were discussed previously (4). 


Glass dispersions are metastable and, as a result, exhibit 
rapid dissolution. In a study with griseofulvin (3), the citric 
acid-griseofulvin glass solution had the fastest dissolution 
rate of the solid dispersion systems examined. However, 
griseofulvin decomposition occurred in the presence of 
citric acid during manufacturing. Citric acid was also an 
unacceptable sulfabenzamide carrier (5). As with griseo- 
fulvin, thermal drug degradation occurred during sample 
preparation. 


Summers and Enever (6-8) studied citric acid-primi- 
done glass dispersions and found the glass solutions formed 
to be unstable and rapidly devitrified. The devitrified 
dispersion systems, however, still exhibited more rapid 
dissolution than the pure drug or drug and carrier mix- 
tures. The citric acid glass transition temperature in- 
creased with increasing primidone concentration (8). The 
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Abstract Theophylline protein binding was 5&%82% in serum from 
six normal adults and 42 asthmatic patients, 1-25 years old, who were 
given 5 mg of theophylline/kg. The binding range was greatest in young 
patients, but the proportion of protein-bound drug did not correlate with 
age. Theophylline protein binding was higher than previously reported. 
The effect of binding should be considered in patients who do not have 
optimal bronchodilation from theophylline despite total serum theo- 
phylline concentrations of 10-20 pg/ml. 


Keyphrases 0 Theophylline-protein binding in humans 0 Protein 
binding-theophylline in humans Relaxants, smooth muscle-theo- 
phylline, protein binding in humans 


Drug-protein interactions may influence drug distri- 
bution, metabolism, and excretion (1). The extent of 
theophylline binding to plasma proteins is said to be neg- 
ligible (2) and is not usually considered when theophylline 
clearance rates are calculated or when total serum theo- 
phylline concentrations are measured. 


In this study, theophylline protein binding was mea- 
sured in serum samples from normal adults and patients 
with asthma. 


EXPERIMENTAL 


After informed consent was obtained, six normal adult volunteers not 
previously treated with theophylline and 42 patients with asthma, 1-25 
years old, who had received long-term treatment with theophylline, were 
given 5 mg/kg PO of the drug’. Venipuncture was performed 2 hr later. 
Serum was separated and frozen a t  -10’ for up to 1 month. 


Protein binding studies were carried out a t  room temperature (22’). 
Serum, 2 ml, was placed in each membrane cone2. The cones were cen- 
trifuged three times a t  1500 rpm for 8-10 min to produce 100 jd of filtrate 
each time. Theophylline concentrations in the last two ultrafiltrate 
samples and in an aliquot of retentate were measured by high-perfor- 
mance liquid chromatography3 (HPLC) (3). 


I Quibron Elixir, Mead Johnson Canada, Candiac, Quebec, Canada. * Amicon Centriflo cones (CF50), Amicon Cor Lexington, MA 02173. 
Model 8500, Varian Instrument Division, P a k  Alto, CA 94303. 


Table I-Serum Theophylline Concentrations and Protein 
Binding Values 


Serum Theophyl- 
Theophylline line 
Concentra- Protein 


tion Binding 
Subjects f S D ,  f S D ,  Range, 


Age, years n ccn/ml % % 
~ ~ ~~~~~ ~ 


Asthmatics, 1-5 10 9 . 9 f  4.4 72.1 f 7.9 58-82 


Normal adult volunteers, 26-37 6 13.3 f 2.2 71.8 f 5.9 6 6 7 9  


Asthmatics, 6-11 16 9.0 f 5.2 70.3 f 4.0 64-76 
Asthmatics, 12-25 16 13.4 f 3.2 70.3 f 3.2 65-74 


The extent of theophylline protein binding was calculated using: 


(Eq. 1) 


where 0 represents the fraction of total drug bound to protein, Db is the 
amount of drug bound, D f  is the amount of free drug (protein-free fil- 
trate), and Dt is the total amount of drug present (bound plus free). Drug 
binding was expressed as 8%. No corrections for volume change or 
membrane adsorption were required. 


RESULTS A N D  DISCUSSION 


Serum theophylline concentrations and theophylline protein binding 
values are summarized in Table I. Theophylline protein binding was 
similar in patients with asthma and in normal adults. The range of 
binding was greatest in young children, but the proportion of protein- 
bound drug did not correlate with age. 


Previously reported theophylline protein binding values are summa- 
rized in Table 11. Theophylline was 424% bound in plasma from normal 
adults and in serum from asthmatic mothers who had ingested the drug 
(4,5). A similar range was found when theophylline was added to plasma 
from normal adults who had not received the drug (6). The extent of 
binding found in both normal adults and patients in the present study 
was higher, being 5842%: This result may be due to the various methods 
of measuring protein binding and theophylline and because either serum 
or plasma was used, both from dosed patients and from subjects to whose 
serum drug was added in uitro (P6).  


Protein binding has been assumed to be insignificant as far as theo- 
phylline distribution, metabolism, and excretion are concerned. Jenne 
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Table 11-Summary of Theophylline Protein Binding Studies 


Percent 
Assay Bound Reference Source n Procedure 


Rabbit plasma - Equilibrium dialysis: cellophane membrane UV spectrophotometry 5-10 11 
Bovine serum albumin (2%) solutions - Equilibrium dialysis: cellophane membrane UV spectrophotometry 20 7 
Plasma of normal dosed volunteers 7 Equilibrium dialysis: cellophane membrane UV spectrophotometry 59 i 3 4 
Serum from dosed nursing mothers 4 Ultrafiltration: cellophane membrane HPLC 42-69 5 


“Spiked” plasma of cirrhotic patients 4 Ultrafiltration: membrane cones” LSC 32.3-40.2 8 


“Spiked” normal adult plasma 21 Ultrafiltration: membrane coneso LSC * 56.4 f 3.8 6 
“Spiked” cord plasma of full-term infants 21 Ultrafiltration: membrane cones” LSC 36.4 i 3.8 6 


0 Amicon Centriflo cones (CF-50). Amicon Corp., Lexington, MA 02173. LSC = liquid scintillation counting of 1%-theophylline. 


et al. (2) concluded that, since only 20% theophylline was protein bound 
(7), binding need not be considered when the volume of distribution was 
measured. However, Aranda et al. (6) reported decreased binding, which 
might be important when determining effective serum theophylline 
concentrations in premature infants with apnea. Piafsky et al. (8) found 
reduced binding in cirrhotic patients but did not determine if greater 
availability of free drug in the liver increased plasma clearance. In the 
present study, theophylline protein binding did not increase with age. 
Therefore, it is unlikely that it contributes to the decreased clearance 
rates found in older patients (9, 10). 


Considerable variation in unbound serum theophylline could be pos- 
sible in patients, based on the 29% range of protein binding found in this 
study. The effect of binding should possibly be considered in patients 
who do not have optimal bronchodilation from theophylline despite total 
serum theophylline concentrations of 10-20 pglml. 
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Abstract A method for the high-pressure liquid chromatographic 
determination of chlorzoxazone and its hydroxy metabolite in human 
plasma samples is presented. The separation of the compounds is 
achieved on an octadecylsilane column with a mobile phase of absolute 
methanoldistilled water (40:60) at a flow rate of 2.0 mllrnin (3100 psig). 
The chromatographic separation is achieved within 10 min. The overall 
analysis time is about 45 min, which includes extraction of the drug and 
metabolite from plasma followed by high-pressure liquid chromato- 
graphic separation and quantification. The accuracy of the procedure 
is in the 1-5% range. 


Keyphrases Chlorzoxazone and hydroxy metabolite-high-pressure 
liquid chromatographic analysis in plasma 0 High-pressure liquid 
chromatography-analysis, chlorzoxazone and hydroxy metabolite in 
plasma Relaxants, skeletal muscle-chlorzoxazone and hydroxy me- 
tabolite, high-pressure liquid chromatographic analysis in plasma 


Chlorzoxazone (I) is one of the most useful agents in the 
treatment of painful muscle spasms, especially in combi- 
nation with acetaminophen. It can be used as a potent 


long-acting central muscle relaxant (1,Z). Clinical studies 
(3) indicated its therapeutic utility and showed no signif- 
icant side effects (4). Iti metabolism was studied (5,6), and 
the major metabolite was 6-hydroxychlorzoxazone (11). 
Chlorzoxazone is rapidly and completely absorbed from 
the GI tract. The intact drug essentially disappears from 
the human body in 7 hr, with less than 1% found in urine. 
Synthesis of I1 was reported previously (7). 


Analytical methods previously reported for I in biolog- 
ical fluids are scarce. The initial and most commonly used 
method is a spectrophotometric assay (51, involving ex- 
traction of drug from biological fluid and reextraction into 
basic solution with the absorbance read a t  289 nm. Other 
titrimetric (8), GLC (9, lo), and TLC (11) methods were 
reported for I but were not adapted to the analysis of the 
intact drug or metabolites in biological samples. 


In continuing efforts to apply high-pressure liquid 
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Table 111-Effect of Time of Ball Milling of P. bracteaturn 
Capsule Tissues on Distribution of Particle Size and Thebaine 
Content a 


Sieve 
Milling Mesh Weight Thebaine 


Time, min Size g % Weight,% T A%* 


1 .o >40 
40-70 
70-140 


140-260 
<260 


2.0 >40 
40-70 
70-140 


140-260 
<260 


3.0 >40 
40-70 
70-140 


140-260 
<260 


4.5 >40 
40-70 
70-140 


140-260 
<260 


4.77 
4.62 
6.41 
1.19 
0.95 
0.92 
4.14 


11.63 
4.59 
3.26 
0.22 
1.18 
7.30 
1.90 
4.30 
0.09 
0.33 
7.12 
3.10 
4.57 


27 1.12 
26 1.20 
36 1.31 1.264 -1.7 
6 1.60 
5 1.64 
4 0.99 


17 1.06 
47 1.21 1.286 - 
19 1.51 
13 1.62 ~ ~~ ~. 


2 0.95 
8 0.96 


48 1.07 
13 1.35 
29 1.53 


1 0.83 ~ ~~ 


2 0.89 
47 1.06 
20 1.31 
30 1.47 


,229 -4.4 


.227 -4.6 


a Capsules were deseeded, crushed, freeze dried for 24 hr, and ball milled. * Percent difference from 2 min of milling time thebaine yields. 


sponse were 0.1-1.0 pg of thebainehample. Detector and/or integrator . saturation occurred when the thebaine concentration per GLC injection 
exceeded -2 pg. Reproducibility between triplicate analyses a t  each 
concentration of alkaloid was fl%. Integrator responses to samples 
yielding <lo5 pvlsec were reanalyzed to give counta >I@ either by ad- 
justment of the injection volume or by increased electrometer sensitivi- 
ty. 


Linear detector responses for isothebaine, papaverine, alpinigenine, 
laudanosine, salutaridine, reticuline, and several additional alkaloids from 
Papauer except morphine were similar. The detector response was not 
linear with morphine because i t  severely tailed under GLC conditions, 
possibly because of adsorption onto the column. Morphine was calibrated 
as its N,O- bis(trimethylsi1yl)acetamide derivative for samples suspected 
of containing this alkaloid but was not usually included in standard cal- 
ibration mixtures. 


GLC flame-ionization responses to varying concentrations of thebaine 
uersus a constant level of cholesterol acetate were linear throughout the 
range analyzed. Linear ratio detector responses also were obtained when 


tetrahydrothebaine was used as an internal standard. The disadvantage 
of tetrahydrothebaine in routine analyses, alone or in combination with 
cholesterol acetate, was its relatively short retention time, especially at 
high column temperatures. Tetrahydrothebaine usually eluted from the 
GLC column as a rider to the solvent peak, which may have complicated 
manual peak area determinations. Laudanosine, antipyrine, and 
tetra hydropalmatine were not suitable for use as internal standards in GLC 
analyses, although they were recommended by the Third Working Group 
on P. bracteatum (9). 


A small quantity of thebaine (<I%) dways adsorbed to new OV-17-Gas 
Chrom Q columns. Saturating the columns with an alkaloid standard 
containing thebaine (-0.2-0.4 rg) by injection of standard mixtures 
obviated this problem. Calibration solutions consisted of 1 pg of choles- 
terol acetate plus 0.2-1 pg each of thebaine, isothebaine, and codeine in 
1 ml of absolute ethanol. 


By carefully standardizing and checking each step of the procedure 
for loss of thebaine, i t  was determined that this procedure can be used 
for comparison of intra- and interlaboratory analyses. 
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Abstract The natural abundance W!-NMR spectra of brucine and 
strychnine were obtained using the pulse Fourier transform technique. 
The chemical shifts of various carbon resonances were assigned on the 
basis of substituent effects on benzene shifts, intensities of signals, 
multiplicities generated in single-frequency off-resonance-decoupled 
spectra, and comparisons with the chemical shifts of structurally related 


Several literature reports show the correlation of the 
structure of the various classes of alkaloids with their 
W-NMR spectra (1-6). The structure and stereochem- 


compounds. 


Keyphrases o Brucine-13C-NMR spectrometry, chemical shifts as- 
signed Strychnine--'%-NMR spectrometry, chemical shifts assigned 
a IaC-NMR spectrometry-brucine and strychnine;chemical shifts 
assigned 


istry of strychnos alkaloids, brucine (I) and strychnine (11), 
were characterized (7, €9, but no reports are available 
concerning the assignments of their carbon resonances. 
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C-25,C-26 


c-12 c-13,c-14 


Table 1-13C-Chernical Shifts of Brucine 


Assignment Multiplicity Chemical Shift 


6 I i’ 
I I C-25.C-261 


108 .s 


Figure 1-froton noise-decoupled W - N M R  spectrum of brucine. Key: 
(a), pulse repetition of 2.5 sec; (b) ,  pulse repetition of 7sec; and fc), pulse 
repetition of 25 sec. 


Previous efforts in assigning the 13C-NMR chemical shifts 
of synthetic and natural therapeutic agents (9-12) initiated 
the ‘“C-NMR analysis of brucine and strychnine. 
Strychnine is a powerful convulsant and is not used 
therapeutically because of its high toxicity. 


I 


I1 


~~ 


c - 1 0  
C-3 
c - 2  
c -21  
c - 5  
c - 2 2  
C-6 
C-1 
c - 4  
c - 1 2  
(2-23 
C-16‘ 
C-8’ 
C-26b 
c-256 
C-18 
C-7 
c - 2 0  
c-11 
(2-13 
C-14 
c - 1 5  
C-17 


S 
S 
S 
S 
S 


S 
d 


d 
d 
d 
t 
d 
d 
9 
q C  - 
- C 
- C 
- c 


d 
d 
t 
t 


168.9 
149.2 
146.2 
140.6 
136.0 
127.1 
123.6 
105.6 
101.1 
77.3 
64.6 
60.3 
59.9 
56.4 
56.1 
52.6 
51.8 
50.2 
48.2 
42.4 
42.4 
31.6 
26.8 


0 These values may be interchanged. h These values may be interchanged. The 
signal multiplicities are not clear. 


The natural abundance I3C-NMR spectra of brucine 
and strychnine were recorded in 30% (w/v) deuterochlo- 
roform as an internal lock and solvent with tetramethyl- 
silane as a reference. In each case, a proton noise-decoupled 
and single- frequency off-resonance-decoupled (SFORD) 
spectra were run. The SFORD spectra differentiated the 
various types of carbons. The assignments of the carbon 
resonances were made on the basis of chemical shift theory, 
multiplicities generated in SFORD spectra, signal inten- 
sities, and comparisons with other structurally related 
compounds. 


EXPERIMENTAL 


The ‘ C N M R  spectra’ of hrucine* and strychnine? (recrystallized from 
chloroform) were run in 10-mm tubes with spectrometer settings as fol- 
lows: spectra width, 4 kHz; pulse width, 12 psec (90”); repetition rate, 2.5, 
7 ,25,  and 35 sec; and data points, 4 K. 


RESULTS AND DISCUSSION 


Brucine-The ‘T-NMR chemical shifts of brucine are recorded in 
Table I. The various carbon resonances are illustrated in Fig. 1.  
Twenty-two separate signals account for all 23 carbon resonances of I. 
The nine signals in the lower field region of the 102-169-ppm chemical 
shift are due to aromatic carbons, amidic carbon, and ethylenic carbons. 
The 13 signals in the higher field region of the 2678-ppm chemical shift 
are due to the remaining 14 carbons. 


The six singlets in the lower field region represent the carbon reso- 
nances of C-2, C-3, C-5, C-6, C-10, and C-21. The singlet a t  the farthest 
downfield region (168.9 ppm) is assigned to C-10 on the basis of the 
chemical shift theory of the carbonyl cartions of amides (13). Earlier 
studies indicated that a directly bonded methoxy group to the benzene 
nucleus produces a 31.4-ppm downfield shift a t  the same carbon and a 
14.4-ppm upfield shift a t  the ortho-carbon (13). Since C-2 and C - 3  in 1 
are attached to a methoxy group and are ortho to the methoxy group, the 
singlets observed at  149.2 and 146.2 ppm are thus assigned to C-3 and C-2, 
respectively. The resonance of C-3 observed a t  the lower field in com- 
parison to C-2 is due to the meta and para effect of nitrogen (13) on C-3 
and C-2, respectively. 


The assignments of various carbon resonances of1 compare well with 
the chemical shifts of carbons in I11 and IV (l) ,  with the exception of the 


Jeol FX60 spectrometer operating at 15.00 kHz.  
Fisher Scientific Co., New York, N.Y. 
J. T. Baker Chemical Co., Phillipsburg, N.J. 
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HCO 


chemical shifts of C-10 and C-11. Contrary to the earlier studies (11, the 
assignments of C-10 (148.3 ppm) and C-11 (144.9 ppm) in I11 and C-10 
(149.3 ppm) and C-11 (143.5 ppm) in IV should be reversed since in both 
cases C-11 is meta and C-10 is para to the nitrogen atom (13) and the 
chemical shifts assigned for C-3 (128.7 ppm) and C-4 (124.1 ppm) of ac- 
etanilide (V) (14). The carbon resonances of C-5 and C-6 are represented 
by chemical shifts a t  136.0 and 123.6 ppm, respectively, by comparison 
with the chemical shift of the corresponding carbons of the analogous 
compounds, I11 and IV (1). 


The C-2.2 has one a-carbon while C-21 has two a-carbons and two @- 
carbons, and these carbons account for the downfield chemical shift (13). 
Since oxygen produces an upfield chemical shift to its &carbon and ni- 
trogen exhibits a downfield chemical shift to its @-carbon, the remaining 
singlet a t  140.6 ppm and a doublet centered a t  127.0 ppm are thus at- 
tributed to C-21 and C-22 resonances, respectively. The assignments of 
these signals are in agreement with the chemical shifts reported for pi- 
maradiene (VI) (15). Similar signals are also present in the I3C-NMR 
spectra of I1 where the electronic environment of all aromatic carbons 
is completely different than that of I. 


By comparing the assignment of chemical shift of 111 and IV, it can be 
assumed that the two doublets centered a t  105.1 and 101.1 ppm are best 
assigned to C-1 and C-4, respectively. 


The assignment of the chemical shift of carbon resonances in the lower 
field region is somewhat difficult. The C-12 and C-23 are directly attached 
to an oxygen atom, which produces more downfield shift a t  the same 
carbon than the nitrogen (13). Since the C-12 has the greater number of 
a- and &carbons as compared to C-23, the chemical shift observed at the 
lower field is due to C-12. These observations provide support for the 
assignments of the doublet centered a t  77.3-ppm and the triplet centered 
a t  64.6-ppm chemical shifts to C-12 and C-23, respectively. The assign- 
ment of the chemical shifts of the analogous compound, gelsedine (VII) 
(16), provides further support for the assignments in 1. 


The quartets centered at  56.4 and 56.1 ppm are attributed to C-25 and 
C-26, respectively, as in I11 and VI (11, which, however, changed. This 
assignment is also supported by the absence of these signals in 11. The 
C-8, C-16, C-18, and C-20 are directly bonded to nitrogen atoms, and thus 
the resonances due to these carbons are observed a t  a lower field in 
comparison to the remaining carbons (13). By comparison with the as- 
signments of the chemical shift in VIII, IX,  X (3), and XI (13), the dou- 
blets centered a t  60.3 and 59.9 ppm and the signals a t  52.6 and 50.2 ppm 
are assigned to C-16, C-8, C-18, and C-20, respectively, and the resonances 
for C-8 and (2-16 are interchangeable. The methylene carbon C-11 is 
represented by the signal a t  48.2 ppm. 


LH3 


VI 


CH3 
VII IX 


1 
H 


H ,COOC 


X XI XI1 XI11 
CHOCH, 


The farthest upfield triplet a t  26.5 ppm is assigned to C-17 due to the 
splitting pattern and comparison of the assignments of X and XI1 (3). 
This assignment is a t  a lower field in comparison to the corresponding 
carbon resonance of X, because i t  possesses a greater number of fl-car- 
bons. The chemical shift of (2-15 is observed at 31.6 ppm while the carbon 
resonances of both C-13 and C-14 are represented at 42.4 ppm by com- 
paring the assignment of chemical shifts of XI11 (3) and XI (13). 


In the present study, the proton noise-decoupled spectrum of I was also 
recorded a t  three different pulsing sequences of 2.5, 7.0, and 25.0 sec. 
These results, exhibiting the relaxing time (7'1) of different carbon atoms, 
are represented in Fig. 1. The presence of a longer 7'1 for quaternary 
carbons as compared to other carbons indicated that the increase in time 
between pulsing sequences provides these carbons more time to relax, 
which consequently results in their larger peaks with respect to the peaks 
observed with carbons with a shorter T I .  


These results provide a clear distinction between quaternary carbons 
and other carbon atoms. The heights of the signal due to the carbon 
resonances of C-3, C-2, C-21, (2-5, C-6, and C-7 are longer with an increase 
in the pulse time as compared to other carbons. The signal a t  51.8 ppm 
is thus assigned to the quaternary carbon C-7, which is also supported 
by the chemical shifts of VII and XIV (1). The chemical shifts observed 
with I1 exhibited a similar signal a t  52.0 ppm for C-7 in the proton 
noise-decoupled spectra of I1 (Fig. 2). 


Strychnine-The I3C-NMR chemical shifts of strychnine relative to 
tetramethylsilane are recorded in Table 11. The various carbon resonances 
of I1 are shown in Fig. 2. The nine separate signals downfield in the 
116-170-ppm region are assigned to aromatic carbons, amidic carbon, 
and ethylenic carbons. The 11 separate signals upfield in the 26-77-ppm 


Table II--'3C-Chemical Shifts of Strvchnine 
Assignment Multiplicity Chemical Shift 


c - 1 0  
c - 5  
c - 2 1  
C-6 
c - 3  
(2-22 
c-1 
c - 2  
c-4 - .  


c - 1 2  
C-23 
C-8 and C-16 
C-18 
c - 7  
c - 2 0  
c - 1 1  
c-136 
C-14* 
C-15 
C-17 


S 
S 
S 
S 
d 
d 
d 
d 
d 
d 
t 
d 


a - 
a 
a 
a 


- 
- 
- 
d 
d 
t 
t 


169.3 
142.3 
140.5 
132.7 
128.6 
127.5 
124.2 
122.3 
116.3 
77.2 
64.6 
60.2 
52.8 
52.0 
50.4 
48.2 
42.9 
42.5 
31.7 
26.9 


0 The signal multiplicities are not clear. * These values may be interchanged. 
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Figure 2 --Proton noisv-decouplcd I3C‘- N M R  spectrum ofstrychnine. 
Kry: (a) ,  pulse r r p o t i l i o n  of3 sec;  and (b),  pulse repetition o/35 sec. 


chemical shift region represent the carhon resonances of the remaining 
12 carbons of I I .  


The farthest downl‘ield singlet in the I3CC-NMR spectrum of I1  is at-  
trilluted to C-10 on the basis of chemical shift theory of the carbonyl 
carhons of amides ( 1  3). Ry comparison with the chemical shifts of I, the 
singlet at 140.4 ppm and the doul)let centered a t  127.4 ppm are assigned 
to C-21 and (2-22, respectively. The remaining two singlets a t  142.3 and 
132.6 ppm are due to the carhon resonances of C-5 and C-6, respectively. 
These assignments are comparable with the chemical shifts of VII (16) 


CH! 
XIV X V  


and XV (3) .  On the hasis of the chemical shift theory for  aromatic sub- 
stitution and comparison with the chemical shifts of VII and XV, the four 
doublets centered a t  124.2, 122.2,128.6, and 116.3 ppm are represented 
hy the carbon resonances of C-I,  C-2, C-3, and C-4, respectively. 


The remaining carbons, which exhihit their resonances in the upfield 
region, are in the same electronic environment as the corresponding 
carbons of I .  Hence, the chemical shifts of these carbons observed in the 
’%-NMR spectrum of 11 are assigned by comparing the chemical shift 
observed due to the corresponding carbons of 1 (Table 11). 
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Table 11-Potencics Computed by FDA and Lilly Procedures 
from thc Best Straight  Lines 


Five-Point Four-Point 
Line, Line 


True Including Excluding 
Concen- Reference Reference 
tration, Point Point, 


Samule d n l  FDA Li l ly  Iilly 


1 3.00 3.69 3.15 3.02 
2 6.00 7.36 6.27 6.02 
3 4.00 4.99 4.26 4.09 
4 2.75 3.40 2.90 2.79 


lieference. m m  16.79 16.12 16.12 
Mean computational error, t24 t 5  0 


Standard responses were corrected to the observed mean reference 
concentration response (“3.75” pgiml) on all standard plates. Sample 
plate responses were corrected to the theoretical reference response, the 
3.75-pg/mI point on the best straight line through the five standards as 
required by regulations (1 ).These results are given in the “FDA” column 
of Table 11. 


A second set of potencies was obtained from the same data by cor- 
recting sample zones to the observed reference as was done for standards 
and interpolating from the same straight line. These results are given in 
the “Lilly” column of Table 11. A third set of potencies was obtained by 
correcting to the observed reference and by rejecting the obviously er- 
roneous reference response when computing the best straight line. These 
results were taken as the true sample assay. 


The computational error of t2496 in the FDA procedure was caused 
by the computed reference diameter required by the CFR (1). The error 
caused hy including the  erroneous reference point in the calculation of 
the best straight line was about 5%. 


The plates for Sample 4 were incubated a t  a temperature slightly dif- 
ferent from that of the standard plates. Since each response was corrected 


to the reference concentration, this difference in temperature and the 
resultant reduction in zone diameters had no effect on the calculated 
sample potency. 


The correction procedure of Ref. 1 is without error only when the ob- 
served mean reference diameter is identical with that interpolated from 
the best straight line. Since this is an unlikely occurrence, a different 
correction scheme should be used. Correcting both standard and sample 
responses to the response observed for the reference and then calculating 
estimated potencies from the regression equation will avoid the errors 
of the CFR (1). 


Proper plate correction is o f  more than academic interest because 
computational errors as great as 40% have been reported from other 
laboratories’. Such an error was caused by using a reference about 
three-fourths as concentrated as it was thought to be. Large errors seem 
to be rare, but smaller ones are not. In one series of 40 response lines from 
16 laboratories, seven of the reference zones, including the one just 
mentioned, were obviously in error and nine other standard zones had 
errors. Except for the reference, errors were evenly distributed among 
the other four standards. Three calibration lines had two obvious errors 
in them. All of these lines were used in the laboratories reporting the 
work. 
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Abstract 0 A high-pressure liquid chromatographic method was de- 
veloped for the quantitative determination o f  feprazone, a nonsteroidal 
anti-inllammatory agent, in dit’ferent pharmaceutical formulations. The 
results agrce with those obtained with GLC and 17V spectrophotometric 
assays. 


Kcyphrases 0 High-pressure liquid chromatography-analysis, fe- 
prazone in various pharmaceutical formulations 0 Feprazone-analysis, 
high-pressure liquid chromatography, various pharmaceutical formu- 
lations o Analgesics-feprazone, analysis in various pharmaceutical 
lormulat ions, high-pressure liquid chromatography 


Fe p r a zon e ( 4 - p r e n y 1 - 1,2 - d i p he n y 1 - 3,5 - p y r azol i d i ne - 
dione) is a nonsteroidal analgesic, antipyretic, and anti- 
inflammatory agent with a low ulcerogenic potential. 
Feprazone has been determined in pharmaceutical for- 
mulations and in body fluids by potentiometric titration 
(11, UV spectrophotometry (2),  TLC ( 3 ) ,  GLC (4-6), and 
radioisotopic techniques (7). 


This paper describes the quantitative determination of 
feprazone in capsule, suppository, and cream formulations 
by a simple and rapid high-pressure liquid chromato- 
graphic (HPLC) procedure. 


The proposed HPLC method was compared to GLC ( 5 )  
and UV spectrophotometric (2) assays. 


EXPERIMENTAL’ 


HPLC--Eyuipmc.nt and Operating Conditions-A liquid chroma- 
tograph2, equipped with a UV-visible detector3 and with a septum in- 
jector*, was used. The column4 was 50 cm X 2.2 mm i.d., and the microcel15 
volume was 8 pl. The flow rate was 0.49 ml/min under a constont pressure 


All solvents were HDH AnalaR grade and were used without further purifica- 


Series 4000, Varian Aerograph, Palo Alto, Calif. 
3 Reckman DU. Reckman Instruments, Fullerton. Calif. 


Micropak SI 10, Varian Aerograph. Palo Alto, Calif. 
Circus. Milan, Italy. 


tion. 
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Table I-Comparison of HPLC, GLC, and  UV Methods for 
Feprazone Determination in Capsule Formulations a 


Table 11-Comparison of HPLC, GLC, and UV Methods for 
Feprazone Determination in Suppository Formulations a 


Samole HPLC GLC uv S a m d e  HPLC GLC uv 
1 201.4 
2 203.7 
3 198.3 
4 201.1 
5 198.5 
6 196.7 
7 200.1 
8 198.5 


Average 199.8 
SD 2.2 


203.6 
199.7 
201.2 
203.8 
201.4 
198.3 
204.2 
201.5 
201.7 


2.1 


203.5 
201.5 
197.7 
204.6 
198.0 
200.3 
201.4 
199.1 
200.8 


2.5 


1 
2 
3 
4 
5 
6 
7 
8 


Average 
SD 


302.1 
296.8 
296.4 
301.5 
300.5 
301.2 
296.9 
296.2 
298.9 


2.6 


302.8 
296.1 
297.2 
302.3 
298.3 
301.4 
296.2 
297.6 
299.0 


2.8 


301.7 
298.0 
298.1 
304.3 
295.6 
301.8 
298.7 
299.5 
298.1 


2.8 


0 All results are reported as milligrams per capsule based on a pool of five cap- 
sules. 


of lo00 psi (70.3 kg/cm2). Detection was by UV absorbance a t  265 nm. 
The optimum wavelength was determined from the UV spectrum of 


feprazone obtained by a stop-flow technique (8). The flow waa interrupted 
hy means of a two-stem valvefi placed between the constant pressure 
pump and the septum injector when an absorbance, previously deter- 
mined by comparison with the solvent absorbance (and, therefore, be- 
longing to the substance under examination), was detected. The complete 
sample spectrum was then recorded in the 320-220-nm range. 


Reagents-As a reference standard, pure feprazone7 was used. Pro- 
methazine chlorhydrate" was the internal standard. The mobile phase 
was methanol-32% ammonia (150:2 v/v). 


Standard Solutions-Standard feprazone solutions were prepared 
by dissolving accurately weighed aliquots of the pure substance in the 
mobile phase to produce final concentrations of 0.1-3.2 mg/ml. All 
standard solutions contained 2.5 mg of promethazine/rnl. 


Capsules-Pools of five capsules7 were crushed in a porcelain mortar 
to a fine powder. Then aliquots of 25 mg of powder plus 50 mg of the in- 
ternal standard were dissolved in 25 ml of chloroform. After filtration, 
the solution was evaporated a t  40" and the residue was dissolved in 25 
ml of mobile phase. 


Suppositories-An aliquot of a suppository7 mixture, one-third of the 
weight of a suppository, and 200 mg of the internal standard were dis- 
solved in 50 ml of carbon disulfide. After filtration and evaporation, the 
residue was dissolved in the mobile phase. 


Cream-Cream (0.50 g )  and 50 mg of the internal standard were dis- 


Figure I-Typical liquid 
chromatogram of feprazone 
(/eft)  and internal stan- 
dard (r ight)  from cap- 


4 
0 2 4 


MINUTES 


6 Whitey Co. .  Oakland, Calif. 
De Angeli Instltute. Milan, Italy. 
Farmitalia Pharmaceuticals. Milan. Italy 


~ ~~- ~- ~ 


All results are reported as milligrams per suppository based on a pool of five 
suppositories. 


Table 111-Comparison of HPLC, GLC, and UV Methods for 
Feprazone Determination in Cream Formulations 


Sample HPLC GLC uv 
1 4.92 5.01 5.00 
2 5.00 5.02 4.90 
3 4.94 5.02 4.92 
4 5.10 4.83 .i.O3 
5 4.82 4.82 4.82 
6 5.10 4.92 5.1 1 
7 5.00 4.81 4.86 
8 4.87 4.98 5.00 


Average 4.97 4.93 4.96 
SD 0.10 0.09 0.10 


All results are reported as milligrams percent based on a pool of five cream 
samples. 


solved in a water bath in 25 ml of ethanol. Then 1 ml of this solution was 
filtered, evaporated, and redissolved in 1 ml of mobile phase. 


CLC-A gas chromatographg, fitted with a dual-flame ionization de- 
tector and coiled glass columns9 (1500 X 40 mm) packed with 2.58 SE-30 
on 100-120-mesh Gas Chrom QY, was used. All working conditions were 
as descrihed previously (5). 


UV Spectrophotometry-A UV-visible spectrophotometer' was 
used, and the absorbance of feprazone was determined a t  263 nm in 0.1 
N NaOH. All working conditions were as described previously (2). 


RESULTS AND DISCUSSION 


Standard Curve-Linearity was shown by injecting into the column 
various amounts of feprazone over the concentration range 0.1-3.2 mg/ml 
with a constant amount of the internal standard (2.5 mg/ml). The mobile 
phase was methanol-32% ammonia (150:' v/v). The standard curve was 
calculated by regression analysis as y = 0.02 + 0 . 4 3 ~  ( r  = I.()), where y 
is the ratio of the feprazone peak area to the internal standard peak area, 
calculated a t  a sensitivity of  0.5 aufs deflection, and x is milligrams of 
feprazone per milliliter. To estimate the peak area standard deviations, 
five determinations were carried out for each concentration. Standard 
deviations were 3.1%. 


HPLC-Eight samples of ea'ch pharmaceutical formulation were in- 
jected into the column using the stop-flow technique. Figure 1 shows a 
typical chromatogram of feprazone and the internal standard obtained 
from the capsule extraction. The retention times were 1.52 niin for re- 
prazone and 3.46 min for the internal standard. All measurements were 
carried out a t  room temperature (25"). 


Recovery-Feprazone recovery from the pharmaceutical formulations 
was estimated. Formulations to which known feprazone amounts were 
added prior to extraction had an average percent recovery ol'99.9,99.9, 
and 99.8 with 95% confidence .limits of 99.5-100.3. 99.4-100.4, and 
99.2-100.4. respectively, for capsules, suppositories, and cream. 


Peak Identification-Feprazone identification was accomplished 
by comparison with the pure standard retention times. 


Suitable quantities of the liquid chromatograph cell effluent were 
collected corresponding to the drug chromatographic peak and were 
tested for homogeneity by qualitative monodimensional TI,C using silica 
gel precoated glass plates (20 X 20 cm, 0.25 mm thick). Three solvents 


Carlo Erha, Milan, Italy 
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were used: ( a )  chloroform-acetone-ethanol (70:30:3 v/v); ( b )  cyclohex- 
ane-ethyl acetate-methanol-water (100:100:60:8 v/v); and (c) ben- 
zene-acetic acid (955 vh) .  After each development, the plates were dried 
at  1 10' and spots were visualized in iodine vapors. The chromatograms 
corresponded perfectly in color (brown) and R/ values to those obtained 
with the reference compounds. 


Comparison of HPLC, GLC, and UV Methods-The proposed 
HPI,C method was compared to GLC (5) and UV spectrophotometric 
(2) assays. The results (Tables 1-111) show that the proposed method is 
in good agreement with the GLC and UV assays. 


The HPLC procedure described here provides a rapid, sensitive (the 
lower sensitivity limit is about 10 ng on the column), and precise assay 
o f  feprazone in pharmaceutical formulations. 
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Abstract 0 The essential oil of Teucrium poliurn, growing in Saudi 
Arabia, was thoroughly investigated for its constituents by CLC-mass 
spectrometry, TLC, and spectrophotometric methods. This investigation 
revealed the presence of 10 terpenoidal compounds including the hy- 
drocarbons [j-pinene, limonene. tu-phellandrene, and y- and 6-cadinenes 
and the alcohols linalool. terpine-4-01, cedrol, cedrenol, and guaiol. The 
oil was rich in alcohols and devoid of esters. Preliminary pharmacological 
screening showed that the oil possesses powerful antispasmodic ac- 
tivity. 


Keyphrases 0 G1,C-mass spectrometry-analysis, Teucriurn polium 
oil. antispasmodics. folk medicine 0 Teucrium polium-oil, GLC-mass 
spectrometry o Antispasmodics--analysis, 'I'eucriurn poliurn oil, 
GLCmass spectrometry, folk medicine o Folk medicine-antispas- 
modics, Twcriurn poliurn oil, GLC-mass spectrometry 


Teucriicni polium (Family Labiatae) is one of the most 
fragrant plants in Saudi Arabia and is fairly distributed 
throughout the country (I) .  In folk medicine, i t  is used as 
an antispasmodic, antirheumatic, carminative, and fla- 
voring agent. In an admixture with other powdered herbs, 
i t  is claimed to be therapeutic for peptic ulcer. 


The  aroma of this plant is due to its essential oil content 
(2). A literature review revealed that the oil constituents 
had not been investigated thoroughly (4). T h e  present 
work was carried out to investigate the composition of this 
potentially therapeutic plant oil. 


EXPERIMENTAL 


Material-The plant was collected in the spring at the flowering stage 
I'rc~m Sudair (Central Zone), 180 km from Riyad. Its identity a$ 7'. polium 
was confirmed'. I t  was dried and powdered. 


Successive quantities (1 kg each) were subjected to steam distillation, 
which produced a volatile oil (average yield, 1.55 g). 


The physical properties of the oil are presented in Table I. 
TLC-TI,C was done on precoated silica gel thin-layer plates2 devel- 


oped in chloroform-benzene (1:I) and chloroform-benzene (4:l) solvent 


I The plant material was idcntit'ird as Teucriurn pdiurn l inneus (Labiatae) b 
I h .  A. M. Migahid. Department of Rotany, Fartilty of Science, University of Riya l  
fiiyad. Saudi Arabia. A voucher specimen is available in the herharium of Hiyad 
1 Iniversity 


G F  plants, Anarhem. 


Table  I-Comparative Physicochemical Data  


Isolated Sardinian 
Property Oil Oil 


Color Light yellow, Blue 
darkens upon 
standing 


Odor Fragrant, Agreeable, pungent 
characteristic 


Refractive indexo nf4 1.4850 n20 1.475 and 1.488 
Optical rotationb I C Y ] ~  f4.7' (10% in +12.75' 


ethanol) 
Acetyl valueC 117 47.45-47.59 
IRd 1633, 1655, 1700, - 


2900, and 3400 


NMR' 
cm-I 


332, 306, '280, and 
268 Hz; broad 
singlet a t  217 Hz; 
singlet a t  98 Hz; 
doublet a t  7 3  Hz; 
two overlapping 
douhlets centered 
at  58 Hz 


Broad singlets a t  - 


Zeiss Abbe refracwmeter. * Rellingham and Stanley polarirneter. According 
to the HP methtd (5). As film on I'erkin-I.:lmer ,567 grating IH spectr(iphotometer. 
@ I n  deuterochloroforrn on Varion T 60A with tetramethylsilane as the internal 
standard. 


systems (3). After development, the spots were visualized by spraying 
with anisaldehyde reagent ( 3 ) .  


GLC-Mass Spectrometry-Mass spectra of the volatile oil constit- 
uents were obtained using a gas chromatograph-mass spectrometer<. The 
chromatographic column (1.8 m long) was packed with 3% OV-17. The 
column was conditioned isothermally a t  100' for 10 min, and then the 
temperature was programmed a t  5 min until 260'. The injection port 
temperature was I%', the separation temperature was 252". and the ion 
source temperature was 290'. Mass spectra were obtained by operating 
a t  60 MHz and with an ionization energy of 70 ev. 


RESULTS AND DISCUSSION 


The isolated oil was compared with Saridinian T. polium oil (4) (Table 
I). The IR and NMR data revealed free alcohols (3400 cm-'; broad singlet 
a t  217 Hz, disappeared on deuteration), alkene and highly conjugated 


Model 9OOO. LKB-Produkter. Brommo. Sweden. 
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[the phenylmethyl derivative, Ip, 7.1-7.8 ppm (IOH)], and the vinyl 
proton (1H) appeared as a broad singlet a t  6.0-6.3 ppm. The 6-phenyl 
group of I1 compounds was in the same range downfield, and the 2- 
methylene group (OCH2N) appeared as a doublet of doublet, 4.41 and 
4.58 ppm and 4.80 and 4.95 ppm, probably corresponding to the axial and 
equatorial protons, respectively4. 
l-Methyl-l-octyl-4-phenyl-1,2,3.6-tetrahydropyridinium Bro- 


mide (1c)-A solution of 3.5 g (0.02 mole) of 1-methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine (1) and 10 g (0.05 mole) of 1-bromooctane in 
50 ml of anhydrous acetone was heated on a steam bath for 12 hr. The 
mixture obtained upon final cooling in an ice bath was filtered. Then the 
crystalline solid was washed with cold acetone and diethyl ether and 
purified by recrystallization, 1 g/50 ml of acetone, to provide colorless 
needles. 
l-Decyl-l-methyl-4-phenyl-l,2,3,6-tetrahydropyridinium o- 


Sulfobenzimide (1b)-One gram (0.0025 mole) of l-decyl-l-methyl- 
4-phenyl-1,2,3,6-tetrahydropyridinium bromide (Ie) was suspended in 
100 ml of warm ( 3 5 O )  deionized water with stirring, and a solution of 3.0 
g (0.012 mole) of sodium o-sulfobenzimide dhydrate in 10 ml of deionized 
water was dripped in (10 min). The product separated initially as a col- 
orless oil and solidified upon mixing an additional 2 hr, followed by 
cooling in an ice bath. The water-washed and air-dried colorless solid was 
recrystallized by solution of 1 g in 2 ml of acetonitrile and addition of 
approximately 18 ml of ether until incipient turbidity. The colorless plates 
obtained were washed with cold acetonitrile-ether (1:9 v/v). 
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Abstract 0 This investigation generated data characterizing a specific 
electron-capture GLC assay reported previously for naltrexone and ap- 
plied the method to a determination of naltrexone pharmacokinetics. 
Extraction efficiencies are reported for the assay, and mass spectral ev- 
idence indicates that naltrexone forms a triester when derivatized for 
electron-capture GLC with pentafluoropropionic anhydride and a base 
catalyst. Plasma level-time data for intravenous naltrexone at  two dose 
levels in monkeys yielded no evidence of dose-dependent kinetics. A 
two-compartment open pharmacokinetic model was fitted to plasma 
level-time data for naltrexone in two dogs and yielded a total body 
clearance of 51-55 dminhcg. Urine collected for 0-24 hr contained 36% 
of the dose as naltrexone conjugates with less than 1% as unchanged 
naltrexone. Plasma level-time data for intravenous naltrexone in six 
monkeys yielded an average terminal half-life of 7.8 hr and a total body 


Naltrexone, a narcotic antagonist, has been investigated 
for use in the treatment of opioid dependence (1). In hu- 
mans, most of the typical responses to a heroin challenge 


clearance of 64 ml/min/kg. The total body clearance for naltrexone was 
greater than the hepatic plasma or blood flow in both dogs and monkeys. 
This finding, together with the extremely low renal excretion of nal- 
trexone, suggests the existence of elimination mechanisms besides liver 
metabolism and renal excretion. 


Keyphrases 0 Naltrexone-plasma kinetics after intravenous bolus 
administration, dogs and monkeys, electron-capture GLC m a y  
Pharmacokinetics-naltrexone after intravenous bolus administration, 
dogs and monkeys, electron-capture GLC assay 0 GLC, electron cap- 
ture-specific assay for naltrexone Narcotic antagonists-naltrexone, 
pharmacokinetics after intravenous bolus administration, dogs and 
monkeys, electron-capture GLC assay 


(25 mg iv) are blocked by naltrexone for 48-72 hr after a 
100-mg oral dose (2). Because the duration of action of 
naltrexone is short in relation to that considered optimal 
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Figure 1-Electron-impact mass spectrum for deriuatized naltrexone 
obtained at the maximum of the single peak in the total ion current 
versus scan number plot. 


from a treatment standpoint, an effort to develop and 
evaluate sustained-release delivery systems for naltrexone 
was initiated (3). One prerequisite to a pharmacokinetic 
evaluation of in viuo release rates of naltrexone from such 
delivery systems is a knowledge of its distribution and 
elimination kinetics in the species of interest. 


Cone et al. (4) were the first to report kinetic data on 
naltrexone in humans. Their data on urinary naltrexone 
excretion after a single 50-mg PO dose indicated a urinary 
excretion half-life of 1.1 hr (mean of six subjects). However, 
since the urinary excretion data were obtained after oral 
administration, it is not possible to ascertain whether the 
half-life observed is representative of absorption or elim- 
ination (5). In addition, the half-life estimate appears to 
be based on only two time points (4). 


Another study (2) reported the plasma level and urinary 
excretion kinetics of naltrexone in four postaddict human 
volunteers. The plasma naltrexone data indicated a half- 
life of 10 hr for the time period up to 24 hr and a half-life 
of 96 hr from 24 to 72 hr after an oral naltrexone dose. In 
the absence of intravenous data, however, it  is difficult to 
ascertain the meaning of these half-life values. 


The values reported by Verebey et al. (2) were much 
longer than those of Cone et al. (4). It  is possible that ki- 
netic parameters measured over the first 24 hr are in- 
fluenced by continuing naltrexone absorption over part 
or all of this time period. The subsequent 96-hr half-life 
a t  very low drug levels probably represents either slow 


Table I-Efficiency of Extraction of Nal t resone from Plasma a 


Percent Extracted Percent Extracted 
with Benzeneb with Ethyl Acetateb 


Naltrexone Blank Dog Monkey Dog Monkey 
Added, ng Plasma, ml Plasmac PlasmaC Plasmad PlasmaC 


- - 5e 0.5 70 82 
1 0 e  0.5 - - 107 78 
50 0.5 68 76 96 90 


0.5 72 81 95 92 
2f 2.0 64 64 


10f 2.0 71 76 
20f 2.0 71 67 


- 
100e 


- 
- - 
- 


Mean(SD) - 70 (4) 74 (7) k ( 7 )  87 (8) 
0 Blank plasma samples containing the added naltrexone were hasified and 


sup lemented with sodium chloride, extracted with either benzene or ethyl acetate, 
bac&-extracted into 0.1. N H&O4, basiiied and supplemented with sodium chloride, 
and then reextracted into the same organic solvent. For the controls, naltrexone 
was added after the complete extraction procedure. Results are for the entire 
extraction rwedure and are corrected for volume losses. Single determinations. 


Mean of Suplicate determinations. Internal standard, naloxone (60 ng), added 
after extraction. f Internal standard, naloxone (12 ng), added before extraction 
because inconsistent results were obtained when it was added after extraction. 


mobilization of a small amount of naltrexone from a tissue 
depot or assay interference at  very low naltrexone con- 
centrations. Thus, past studies have provided important 
data and raised pertinent questions regarding naltrexone 
kinetics in humans. No studies have been published on 
naltrexone pharmacokinetics in animals. 


To understand naltrexone pharmacokinetics, it is nec- 
essary to measure its pharmacokinetic parameters after 
intravenous administration as well as to perform quanti- 
tative studies of naltrexone absorption, distribution, ex- 
cretion, and metabolism. This paper reports the results of 
the initial stage of a comprehensive investigation of nal- 
trexone pharmacokinetics in animals and humans. The 
plasma level kinetics determined after intravenous ad- 
ministration in monkeys and dogs were obtained using an 
assay previously developed in these laboratories' (6). 


EXPERIMENTAL 


Reagents-Naltrexone hydrochloride2, naltrexone reference stan- 
dard*, naloxone reference standard2, GLC-spectrophotometric quality 
methanoP, and benzene4 were used without further treatment. Penta- 
fluoropropionic anhydride5 was distilled prior to use, and 4-dimeth- 
ylaminopyridine6 was recrystallized. All other chemicals were reagent 
grade. 


Extraction-An appropriate amount of a solution of naloxone (in- 
ternal standard) in methanol was placed in each siliconized, screw-capped 
test tube. Samples of plasma or urine, 0.05-2.0 ml, were added and then 
extracted according to a reported procedure (7) with either benzene (dog 
study and initial study in four monkeys) or ethyl acetate (final study in 
six monkeys) as the organic solvent. 


The efficiency of extraction of naltrexone from plasma was determined 
by assaying samples in which known amounts of naltrexone were added 
before and after extraction. Expression of the assayed amount in samples 
in which naltrexone was added prior to extraction as a percentage of the 
assayed amount in samples in which an equal amount of naltrexone was 
added after extraction yielded the extraction efficiency. 


Derivatization and GLC-The residue obtained after extraction was 
dried by storage for a t  least 16 hr in a vacuum desiccator. Derivatization 
with pentafluoropropionic anhydride and subsequent electron-capture 
GLC were carried out according to the procedure described by Sams and 
Malspeis (6)  with several modifications. The derivatization was done in 


Hopefully, similar studies in humans will be carried out when naltrexone is 
approved for intravenous use. 


2 Endo Laboratories. Garden City, N.Y. 
3 J. T. Baker Chemical Co., Phillipshurg, N.J. * Burdick &Jackson, Muskegon. Mich. 
6 Pierce Chemical Co., Rockford, Ill. 
6 Aldrich Chemical Co., Milwaukee, Wis. 
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Figure 2-Concentration of naltrexone in plasma as a function of time 
following an intravenous bolus dose (0.72 mglkg) in Dog 105. The re- 
gression line was obtained by a nonlinear least-squares method using 
all data points. The fitting procedure and equations were described 
previously (12). 


benzene at 68-70' for 1 hr with 1% 4-dimethylaminopyridine as the 
catalyst (8). 


The derivatives were chromatographed on a gas chromatograph 
quipped with a aNi-electron-capture detector'. The coiled glass column 
was 2 mm i.d., either 1.8 m (6 ft) or 2.4 m (8 ft) in length, and was packed 
with 3% OV-17 on 100-120-mesh supports. The oven temperatures were 
205' for the 1.8-m column (dog study and initial study in four monkeys) 
and 203O for the 2.4-m column (final study in six monkeys). The argon- 
methane (955) carrier gas flow rates were 40 mVmin for the 1.8-m column 
and 24-30 ml/min for the 2.4-m column. 


Mass Spectrometry-The derivatization of naltrexone was done on 
a much larger scale than that described for assay purposes. Naltrexone 
base (2.0 mg) was placed in a siliconized culture tube with a polytef-lined 
cap and derivatized with 100 pl of pentafluoropropionic anhydride, using 
200 p1 of 1% dimethylaminopy-ridine in benzene as a catalyst. The mixture 
was heated at 68' for 1 hr and then cooled in an ice bath. The excess 
pentafluoropropionic anhydride was removed by washing the mixture 
with 10 ml of aqueous saturated sodium tetraborate. 


A sample of the organic phase was transferred to another siliconized 
tube, and 2 pl of the organic phase was injected into a gas chromatographs 
that had been interfaced through a glass jet separator to a mass spec- 
trometerlO. The gas chromatograph contained a 1.8-m coiled glass col- 
umn, 2 mm i.d., packed with 3% OV-17 on 100-120-mesh supports. The 
carrier gas was helium. The spectrometer was operated in the electron- 
impact mode at 70 ev. A plot of total ion current versus scan number 
revealed only one peak, and mass spectra were recorded at the maximum 
of this peak. 


7 Model 5700A, Hewlett-Packard, Palo Alto, Calif. 
8 Gas Chrom 
0 Model 2700,$jarian Instrument Division, Palo Alto, Cali! 


10 Model 21-491, Dupont Instruments, Wilmington, Del. 


Applied Science Laboratories, State Colle e, Pa. 


Pharmacokinetic Studies in Animals-Two male foxhound dogs, 
20 kg, were fasted for 24 hr prior to drug administration. Naltrexone 
hydrochloride was dissolved in normal saline and administered via the 
cephalic vein at  0.72 mg of naltrexonehg over 30 sec. Blood was obtained 
at frequent intervals by venipuncture using a heparinized syringe. Total 
0-24-hr urine was collected either by catheterization of the dog or by use 
of a metabolism cage. 


Monkeys were supplied with a polyethylene venous catheter, which 
extended into the inferior vena cava via the saphenous vein. Naltrexone, 
1.0 or 10.0 mghg, was administered through the catheter as a bolus dose 
followed by a saline rinse. At  predetermined times after dosing, blood 
samples were drawn from the catheter into heparinized syringes. 


Plasma was separated from dog and monkey blood samples by cen- 
trifugation, and all plasma and urine samples were stored frozen prior 
to analysis. Total body clearance was calculated by dividing the dose by 
the area under the plasma naltrexone level-time curve from time zero 
to infinity. The area was estimated from the macroconstanta of a biex- 
ponential equation (9). 


Enzymatic Hydrolysis and Dilution of Urine-After thawing and 
mixing the urine samples, a 0.5-ml aliquot of each sample was mixed with 
1 ml of a 1 : lO  dilution of a commercial enzymatic mixture1' of 8-glucu- 
ronidase (-177,000 unitslml) and sulfatase (-35,000 unitdml) in 0.2 M 
acetate buffer, pH 5.0. Each sample was incubated in a water bath at 37' 
for 24 hr. These conditions result in a maximal degree of enzymatic hy- 
drolysis of naltrexone conjugates (10). Hydrolyzed and unhydrolyzed 
urine samples were diluted 10-1000-fold with 0.9 M NaCl prior to ex- 
traction. 


RESULTS 


Analytical Aspects-Derivatization and chromatography of nal- 
trexone, either at the nanogram level for assay purposes or a t  the milli- 
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MINUTES 
Figure 3-Concentration of naltrexone in plasma as a function df time 
following an intravenous bolus dose (0.72 mglkg) in Dog 103. The re- 
gression line was obtained by a nonlinear least-squares method using 
the data from 5 to 240 min. 


~~ ~~~ 


Glusulase, Endo Laboratories, Garden City, N.Y. 


Journal of phermaceutica/ Sciences I 413 
Vol. 68, No. 4, April 1979 







1 .  N - C H , ~  
d \  Y @pJ n 


d H  '0 
I 


gram level for mass spectrometry studies, yielded a single peak with the 
same retention time in each case. Thus, the GLC results indicate that the 
same derivative was formed at  either level. The mass spectrum, obtained 
a t  the maximum of the single peak in the plot of total ion current versus 
scan number, is illustrated in Fig. 1. The base peak a t  m/e 779 corre- 
sponds to the molecular ion of the pentafluoropropionyl triester deriv- 
ative of naltrexone. This finding is consistent with formation of a com- 
pletely derivatized naltrexone molecule esterified at the 3-, 6-, and 14- 
positions (I). The only significant fragment ions observed were at mle 
738 (12.9% of base peak), corresponding to a loss of a C3H6 moiety from 
the N-cyclopropylmethyl group, m/e 632 (10.8% of base peak), corre- 
sponding to a loss of a CF3CF2CO moiety, and m/e 616 (8.3% of base 
peak), corresponding to a loss of a CF3CF2COO moiety from the molec- 
ular ion. 


The efficiency of benzene extraction of naltrexone from plasma aver- 
aged 70% in the dog (range of 6677%) and 74% in the monkey (range of 
6442%) (Table I). There was no discernible concentration dependence 
of the extraction efficiency over the concentration ranges encountered 
in routine assays of plasma samples. These extraction efficiencies com- 
pare favorably to the 72.5% reported previously for extraction of nal- 
trexone from dog urine with this procedure (7). When ethyl acetate was 
substituted for benzene, these efficiencies increased to an average of 99% 
for dog plasma and 87% for monkey plasma (Table I). 


Standard curves for the assay were obtained by: (a) adding varying 
known amounts of naltrexone and a constant amount of naloxone (in- 
ternal standard) to a series of blank plasma samples, ( b )  measuring the 
chromatographic peak heights after completion of the extraction, deri- 
vatization, and GLC assay, and (c) plotting the peak height ratio, nal- 
trexone to naloxone, as a function of the amount of added naltrexone. 
Linear standard curves were obtained and a new standard curve covering 
the range of expected concentrations was prepared on each day of anal- 
ysis. 


Pharmacokinetic Studies-The plasma naltrexone concentration- 
time curves obtained after administration of an intravenous bolus dose 
to each of two foxhound dogs are illustrated in Figs. 2 and 3. Because the 
plasma naltrexone levels declined with time in a biexponential manner, 
the classical two-compartment open model (Scheme I) was chosen for 
initial attempts at fitting a model to the data (5). The  results of the 
nonlinear least-squares fit (11, 12) are indicated in Figs. 2 and 3. The 
terminal half-life values of the fitted curves averaged 1.0 hr (range of 
52-67 min), and the total body clearance was in the range of 51-55 ml/ 
min/kg. 


Assay of both enzymatically hydrolyzed and unhydrolyzed 0-24-hr 
urine collections provided an estimate of the urinary excretion of nal- 
trexone and its conjugates. An average of 37% of the dose was excreted 
as total (unconjugated plus conjugated) naltrexone during the first 24 
hr after the intravenous dose with less than 1% excreted as unconjugated 
naltrexone (Table 11). No attempt was made to analyze for the small 
amounts of other metabolites that  may have been present (7). 


The initial experiment on naltrexone pharmacokinetics in the monkey 
was designed to determine the concentration ranges in plasma encoun- 
tered a t  various intravenous dosage levels and to detect any pronounced 
dose dependence of naltrexone pharmacokinetics. The limited data ob- 
tained (Table 111) indicate that, a t  each point in time, a 10-fold increase 
in dosage yielded about a 10-fold increase in the average plasma level. 


Table 11-Naltrexone and Conjugates in Dog Urine Collected 
0-24 hr following an Intravenous Bolus of Naltrexone 


Percent of Dose 
Naltrexone 


Doe Naltrexonea Coniurates TotalC 


103 0.90 
105 0.73 


Table 111-Initial Study of Naltrexone Levels in Monkey Plasma 
as a Function of Time a f t e r  an Intravenous Bolus Dose 


Plasma Level, ng/ml 
10 mg/kg 1 mg/kg 


Minutes 67 1 5 O  67Wb 6705c 671ga 
~~ ~ 


10 227.!ie 3440 244 252 
20 1880 2075 166 167 
40 1280 1447 150 120 
80 666 810 91.5 46.7 


160 212 288 44.8 11.8 
320 31.2 52.8 11.8 


AUCf 171 224 23.0 13.8 
- 


Monkey 6715 was a 3.8-kg female. Monkey 6700 was a 6.4-kg male, Monkey 
6705 was a 4.7-kg female. Monkey 6719 was a 3.6-kg male. Each value IS the mean 
of duplicate a s s a r  f Area under the plasma naltrexone level-time curve from zero 
time to the last ata point (rg min/ml) determined by the trapezoidal method. 


When plotted as a function of time, the plasma levels declined in a 
biexponential manner. The average area under the plasma level-time 
curve for the 10-mg dose was 10.7 times that for the I-mg dose. 


Following completion of this initial experiment, another investigation 
was carried out in six monkeys at the lO-mg/kg dosage. Blood samples 
were obtained a t  more frequent intervals over 48 hr. The results of the 
nonlinear least-squares fit (11,12) of the two-compartment open model 
(Scheme I) to the plasma level-time data are shown in Figs. 4 and 5 for 
two monkeys. The close proximity of the data points to the regression 
curve indicate that an excellent fit was obtained whether measurable 
levels were found over 24 hr (Fig. 4, representative of four monkeys) or 
over 48 hr (Fig. 5, representative of two monkeys). The pharmacokinetic 
parameters obtained from the nonlinear least-squares fit of the data for 
all six monekys are summarized in Table IV. The terminal half-life of the 
plasma naltrexone level-time curve averaged 7.8 hr, and the total body 
clearance averaged 64 ml/min/kg. 


DISCUSSION 


Mass spectral evidence that the base peak of the derivative formed 
during the assay corresponds to the molecular weight of the pentafluo- 
ropropionyl triester of naltrexone indicates that the completely deriva- 
tized naltrexone moiety is the compound being chromatographed. The 
fragmentation pattern is also consistent with this conclusion. Sams and 
Malspeis (6) presented mass and IR spectral evidence that naltrexone 
reacted with heptafluorobutyric anhydride in the presence of a base 
catalyst forms the analogous heptafluorobutyryl triester. Although 
derivatization of an aliphatic enol such as that a t  the 6-position of nal- 
trexone is unusual (13), Cone et  al. (14) presented evidence consistent 
with the formation of a similar acyl derivative of hydromorphone. This 
complete degree of derivatization in the presence of a base catalyst in the 
present assay permits maximal sensitivity and avoids any variability due 
to an inconsistent degree of partial derivatization. 


With benzene as the organic solvent for extraction, possible interfer- 
ence from the blank and from unknown polar naltrexone metabolites is 
minimized. However, when ethyl acetate is used, the extraction efficiency 
of naltrexone is close to 10096 and the extraction and chromatographic 
assay of certain polar metabolites may also be possible. I t  was previously 
shown that this procedure is specific for naltrexone (7) and that the 
known metabolites, i.e., a-naltrexol and j3-naltrexol, as well as the po- 
tential metabolite noroxymorphone do not interfere. Thus, the evidence 
on specificity indicates that the analytical method is suitable for phar- 
macokinetic studies. 


The fit of the two-compartment open model to the plasma naltrexone 
level-time data was excellent for both dogs (Figs. 2 and 3, with the ex- 
ception of the last sample in one dog (Fig. 3). The deviation of this last 
point from the extrapolation of the curve fitted to the other data points 
could be due to experimental error or may indicate a very slow terminal 
phase for a small fraction of the dose. Because of the limitation of assay 
sensitivity, it was not possible in this experiment to investigate further 


35.7 36.6 
37.2 37.9 


elimination 
0 Determined by assay of unhydrolyzed urine samples. * The difference between 


and unchm ed ,,alhexone. c ~ ~ k ~ i ~ d  by assay of urine -plessu&quent Scheme I-Two-compartment open pharmacokinetic model. The k's 
are rate constants for the transfer processes indicated. to enzymatic hylrolysis of naltrexone conjugates. 
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Table IV-Pharmacokinetic Parameters * for Intravenous Naltrexone in the Monkey 


Total Body 


~ 


6726 0.00109 0.00095 0.01278 797 63 55 


6695 0.00102 0.00184 0.01104 418 61 101 
(4.36 kg) (0.000ll)C (0.00018) (0.00043) 


(5.26 kg) (0.00025) (0.00040) (0.00070) 


(5.76 kg) (0.00025) (0.00026) (0.00078) 


(5.55 kg) (O.ooo09) (0.00022) (0.00029) 


(5.08 kg) (0.00020) (0.00018) (0.00079) 


. (4.90 kg) (0.00011) (0.000 14) (0.00016) 


a The parameters klz,  k z ~ ,  and k l o  are the rate constants defined in Scheme I and were obtained by nonlinear least-squares regresaion (9,lO). The t 1 ~  is the half-life 
of the terminal exponential phase of the plasma naltrexone level-time curve; Vda the apparent volume of distribution, wm calculated by an accepted method. 6 Monkeys 
were all female. Standard deviation in parentheses. 


6763 0.00111 0.00085 0.00984 910 94 71 


428 o.Ooo60 0.0021 1 0.01089 35 1 26 50 


6706 0.00117 0.00110 0.01302 691 68 69 


6761 0.001 11 0.00308 0.00886 265 15 41 


Mean 0.00102 0.00166 0.01107 46gd 54 (29) 64 (21) 


Harmonic mean. The coefficient of variation of the mean of the reciprocal t 112 values was 50%. 


- 
C 
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P 300 600 900 1200 1500 


Figure 4-Concentration of naltrexone in plasma as a function of time 
following an intravenous bolus dose (10 mglkg) in Monkey 6761. The 
regression line was obtained by a nonlinear least-squares method. 
the possible existence of a terminal phase of the plasma level-time curve 
having a much longer half-life. This possibility will be examined in the 
dog using alternative experimental designs. 


The recovery of 37% of the naltrexone dose from 0 to 24 hr in dog urine, 
mostly as conjugated naltrexone, is consistent with literature data. 
Malspeis et al. (7)  found only small amounts of 8-naltrexol in en- 
zymell-hydrolyzed dog urine after intravenous administration and could 
not detect any a-naltrexol. Only 38% of an oral dose was accounted for 
in humans as unchanged drug and metabolites in 0-24-hr urine (2), and 
53% was accounted for in 0-6-day urine (4). Thus, there is incomplete 
recovery of naltrexone in the urine in both humans and dogs. Possible 
additional modes of elimination include fecal excretion of naltrexone 
and/or its metabolites, formation of unknown metabolites, and urinary 
excretion of conjugates not hydrolyzed by the enzyme preparation”. The 
relative importance of these potential elimination pathways is currently 
under investigation. 


The initial experiment on plasma naltrexone level kinetics at two 
different doee levels in the monkey did not yield any evidence of nonlinear 
pharmacokinetics since plasma naltrexone levels and areas under the 
curve were approximately proportional to dose (Table 111) even though 
the experiment waa not done in crossover fashion. However, this evidence 
is not conclusive and will be investigated in a more definitive manner. 


The experiment designed to determine the pharmacokinetic param- 
eters of naltrexone in the monkey from plasma level-time data yielded 
evidence of a very long terminal half-life in comparison to that found in 
the dog. However, when the terminal data point for Dog 103 was included 
in the data analysis, a half-life of 356 min for the terminal phase was 
obtained; this value is within the range of the terminal half-life values 
observed in the six monkeys (Table IV). Thus, these fmdings suggest that 
the terminal half-life for naltrexone is a t  least several hours in duration 
in both the dog and monkey. This result agrees with the results of Verebey 
et al. (2) obtained after oral administration of naltrexone in humans. A 
more accurate quantitation of this long half-life will require more plasma 
samples at various timea in the terminal phase and perhaps either a more 
sensitive assay for plasma naltrexone or the inclusion of urinary excretion 
data in the pharmacokinetic analysis. This terminal phase probably 
represents a rather small, slowly equilibrating compartment for nal- 
trexone. 


MINUTES 
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Figure 5-Concentration ofnaltrexone in plasma as a function of time 
following an intravenous bolus dose (10 mglkg) in Monkey 6763. The 
regression line was obtained by a nonlinear least-squares method. 


The total body clearance of naltrexone was in the range of 51-55 
ml/min/kg in the dog and 40-100 ml/min/kg in the monkey. The calcu- 
lation of total body clearance was influenced mainly by the contribution 
of the initial (alpha) phase of the plasma level-time curve (Figs. 2-5) to 
the area under the curve and thus was not appreciably affected by the 
uncertainty of the estimation of the terminal phase half-life in the dog. 
Each of these values is higher than the respective liver plasma flow of 
15-25 ml/min/kg in the dog and 11-17 ml/min/kg in the monkey as well 
as the liver blood flow of 2 9 4 5  ml/min/kg in the dog and about 25 ml/ 
min/kg in the monkey (15). 


The fact that the total body clearance of naltrexone is greater than the 
liver plasma flow or blood flow in both species, coupled with the extremely 
low renal excretion of unchanged drug in monkeys (16) and dogs (Table 
II), suggests the existence of elimination pathways besides liver metab- 
olism and renal excretion. If such alternative eliminating organs are 
quantitatively important in humans, the calculations by Kogan et al. (17) 
of total body clearance and extent of first-pass metabolism of naltrexone 
(based on plasma level data after oral administration of naltrexone in 
humans) are erroneous since the calculation method is applicable only 
to drugs eliminated exclusively by renal excretion and hepatic metabolism 
(la). 
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Abstract The applicability of a pharmacokinetic model €or drug in- 
teractions by enzyme induction was tested in rhesus monkeys using a 
design in which both the inducer (carbamazepine) and the induced agent 
(clonazepam) were infused chronically. Two types of studies were con- 
ducted. Studies I and I1 examined the kinetic behavior of plasma clona- 
zepam levels during induction and postinduction, respectively. The ad- 
dition of carbamazepine (Study I) caused the preinduction clonazepam 
steady-state level to decrease exponentially to a lower (induced) steady 
state after lag times of 14.0-60.5 hr, and the removal of carbamazepine 
(Study 11) caused induced clonazepam steady-state levels to climb ex- 
ponentially to a higher steady state after lag times of 34.0-81.0 hr. The 
extent of induction ranged between 23 and 54%. The time course of clo- 
nazepam levels was described in terms of a one-compartment induction 
model with zero-order input and a metabolic clearance that increased 
(Study I) or decreased (Study 11) exponentially with time. In both studies, 
induced clonazepam half-lives (3.7-7.7 hr) were significantly shorter ( p  
< 0.0005) than control values (5.2-12.2 hr). Apparent enzyme turnover 
half-lives were shorter in Study I1 (2.7-19.3 hr) than in Study I (6.9-66.4 
hr). A two- to threefold increase in urinary excretion of D-glucaric acid 
during carbamazepine administration provided additional evidence that 
the present interaction was due to enzyme induction. 


Keyphrases Interactions-carbamazepine and clonazepam in mon- 
keys by enzyme induction, pharmacokinetic description Carbamaze- 
pine-interaction with clonazepam by enzyme induction, pharmacoki- 
netic description, monkeys Clonazepam-interaction with carbam- 
azepine by enzyme induction, pharmacokinetic description, monkeys 
0 Enzyme induction-pharmacokinetic description of carbamaze- 
pine-clonazepam interaction, monkeys 0 Pharmacokinetics-description 
of carbamazepine-clonazepam interaction by enzyme induction, monkeys 
a Models-drug interactions by enzyme induction, carbamazepine- 
clonazepam, monkeys 


Many drugs possess enzyme-inducing properties and 
thereby stimulate their own metabolism (autoinduction) 
and/or that of other drugs (heteroinduction). In humans 
and animals, experimental evidence for enzyme induction 
is often associated with decreases in plasma concentrations 
of the induced agent. Recently, a pharmacokinetic theory 


was proposed to describe the kinetics of plasma drug levels 
during auto- and heteroinduction (1). This theory proposes 
that the metabolic clearance of the induced species in- 
creases exponentially during induction. The time course 
of this increase in clearance is governed by the apparent 
turnover half-life of the induced metabolic enzyme($. 


The simplest and most critical experimental validation 
of this theory entails administration of both an inducer and 
an induced agent by constant rate intravenous infusion. 
Preliminary studies with this design were performed in 
monkeys using carbamazepine as the inducer and valproic 
acid and ethosuximide as the induced agents (2,3). Fol- 
lowing addition of carbamazepine, plasma levels of these 
two drugs decreased in an exponential fashion to a lower 
steady state, as expected. 


The present study, in addition to investigating shifts of 
steady-state levels during induction, focused on deter- 
mining control and induced half-lives of clonazepam. 
Furthermore, the hypothesis that removal of an inducer 
causes a return of metabolic clearance from an induced 
state to the basal state was tested by following increases 
in plasma clonazepam levels upon removal of carbamaze- 
pine. 


EXPERIMENTAL 


Animal Preparation-Five healthy male rhesus (Macaca mulatta) 
monkeys, 4.0-5.6 kg, were chair adapted for 1 month prior to surgical 
implantation of catheters at two different sites. The jugular and femoral 
veins were catheterized for drug infusion and blood sampling, respec- 
tively. Each monkey was maintained in a three-level restraining chair 
during individual studies and was given cage rest at appropriate intervals. 
Patency of catheters was assured by a slow, continuous saline infusion 
(1 mlhr) .  The daily diet consisted of fresh fruit (bananas, oranges, and 
apples) and monkey chow. 
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graphically for the presence of any extractable ethyl acetate UV-ab- 
sorbing (313 nm) material that might interfere with tinidazole mea- 
surement. 


RESULTS AND DISCUSSION 


A successful chromatographic assay for drug levels in the large number 
of plasma samples generated from a clinical study would provide highly 
reproducible drug recovery, specificity, sensitivity, precise measurement, 
and rapid throughput of samples. 


The average recovery of drug from plasma samples to which tinidazole 
had been added was 86.9 f 2.8% SD (Table I). Linear regression analysis 
of percent recovery uersus plasma concentration revealed no statistically 
significant slope (8) ( p  = 0.7431). These data, therefore, suggest that 
there is no concentration dependence on extraction efficiencies over the 
range of expected plasma drug levels (10-12). 


Tinidazole was monitored a t  313 nm since its A,,, was observed in 
methanol a t  310 nm (c  = 9070). Ethyl acetate extracts from drug-free 
plasma were free of interfering UV- (313 nm) absorbing peaks (Fig. 1). 
Preextraction with petroleum ether eliminated nonpolar material that 
would otherwise be highly retained on this reversed-phase system. Little 
or no loss of tinidazole was encountered in this step. 


Baseline resolution among tinidazole, 11, and 111 was achieved under 
the chromatographic conditions described (Fig. 2). The observed reten- 
tion times (t,) for 111, 11, and I were 2.73,6.12, and 8.96 min, respectively. 
Representative chromatograms of plasma extracts containing 0.20 and 
20.0 wg/ml of tinidazole are shown in Fig. 3. 


Linear regression analysis of the curve described by plotting micro- 
volt-seconds (area) uersus micrograms injected indicated a linear fit of 
the data (r2 = 0.9994) from 0.025 to 0.25 pg. The slope was 474.75 
pv-sec/ng; the intercept, which was not significantly different from zero 
( p  < 0.05), was 1512 pv-sec. Over 2 months, the slope of this line dem- 
onstrated little change, with a coefficient of variation equal to 3.83% ( n  
= 16). 
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Abstract  0 The glass transition temperatures of citric acid glass were 
determined by differential scanning calorimetry to be 10.2 and 13.5' for 
in situ and bulk-prepared samples, respectively. Mechanical stress on 
citric acid glass induced faci for crystallization. Benzoic acid addition to 
citric acid glass decreased i ts  glass transition temperature while pheno- 
barbital addition increased i ts  glass transition temperature, the latter 
forming a glass Rolution. 


Keyphrases Class transition temperature-citric acid glass, benzoic 
acid, mechanical stress, phenobarbital 0 Citric acid-glass formation, 
glass transition temperature, benzoic acid, phenobarbital Glass for- 
mation-citric acid, benzoic acid, phenobarbital 0 Phenobarbital-glass 
formation with citric acid 


A glass is generally defined as a noncrystalline solid 
formed by continuous hardening or solidification of a liq- 
uid (1,2).  The use of organic compounds capable of glass 
formation to reduce the particle size of a drug and to in- 
crease its dissolution and absorption rates was first sug- 
gested by Chiou and Riegelman (3). They proposed the 
formation of a glass dispersion of a poorly water-soluble 


drug and a physiologically inert carrier such as citric acid. 
The concept3 involved in glass solution and glass suspen- 
sion formation were discussed previously (4). 


Glass dispersions are metastable and, as a result, exhibit 
rapid dissolution. In a study with griseofulvin (3), the citric 
acid-griseofulvin glass solution had the fastest dissolution 
rate of the solid dispersion systems examined. However, 
griseofulvin decomposition occurred in the presence of 
citric acid during manufacturing. Citric acid was also an 
unacceptable sulfabenzamide carrier (5). As with griseo- 
fulvin, thermal drug degradation occurred during sample 
preparation. 


Summers and Enever (6-8) studied citric acid-primi- 
done glass dispersions and found the glass solutions formed 
to be unstable and rapidly devitrified. The devitrified 
dispersion systems, however, still exhibited more rapid 
dissolution than the pure drug or drug and carrier mix- 
tures. The citric acid glass transition temperature in- 
creased with increasing primidone concentration (8). The 
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TEMPERATURE 
Figure I-Thermograrns of anhydrous citric acid (A) ,  bulk-prepared 
citric acid solidified melt (B), in situ prepared citric acid glass (C), 
phenobarbital (D), in situ prepared phenobarbital glass crystallizing 
as polymorphic Form IV (E) .  and in situ prepared phenobarbital glass 
crystallizing as polymorphic Form I (F) .  The glass transition temper- 
atures are indicated by arroios. 


increased primidone dissolution rate was a result of its 
reduced particle size and increased wettability in the sys- 
tems. 


Most glass dispersion studies concentrate on the drug. 
Little information is available on carrier stability or the 
effect of additives on stability. This article reports some 
observations on citric acid glass stability; the effect of two 
additives, benzoic acid and phenobarbital, on its glass 
transition temperature; and the nature of the dispersion 
systems these materials form. Benzoic acid, a crystalline 
material, has not been reported capable of glass formation. 
Phenobarbital has been suggested to be capable of glass 
formation by rapid melt cooling (9) and has been reported 
to  form a glass solution with citric acid (3). 


EXPERIMENTAL 


Materials-Citric acid' (mp 152-156O), benzoic acid2 (mp 121-124'), 
and phenobarbital3 (mp 174-178') were used as received. 


Thermal Analysis-A differential scanning calorimeter4 was used 
to determine the glass transition temperatures and stabilities. Observed 
temperature values were corrected for chrome1 alumel thermocouples 
from -60 to 20O0 using indium metal as the standard. All determinations 
were made at least in duplicate. 


A 10-15-mg sample size was necessary to ohtain reproducible and 
distinct transition temperatures. Samples were scanned a t  10°/min in 
a static air atmosphere using an empty aluminum pan as the reference. 


' Anhydrous, J. T. Raker Chemical Co., Phillipsburg, N.J. * Reagent grade. Fisher Scientific Co., Fair Lawn, N.J. 
USP, Mallinckrodt Chemical Works, St.  Louis, Mo. 
DuPont 900 thermal analyzer with a No. 900600 differential scanning calo- 


rimeter cell, E. 1. DuPont DeNemours and Co., Wilmington. Del. 


1 
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Figure 2-X-ray diffraction pattern of anhydrous citric acid (A )  and 
bulk-prepared citric acid solidified melt (B). 


The sensitivities were l.O"/in. for pure materials and physical mixtures 
and 0.2'/in. for solidified melts and glass systems. A 20'/in. temperature 
scale was used. 


Two procedures were used for sample preparation, an in situ method 
and a bulk procedure. In the in situ procedure, citric acid or mixtures of 
citric acid and benzoic acid or phenobarbital in the desired ratio were 
weighed accurately directly into an aluminum sample pan. An aluminum 
cover was placed on the sample, and the pan was transferred to the sample 
holder of the differential scanning calorimeter. After the sample was 
heated to melting, the melt was rapidly cooled to -60' by purging the 
sample holder of the instrument with liquid nitrogen. The solidified melt 
was reheated, and the thermogram was recorded. 


Bulk glass system preparation involved melting 50 g of citric acid or 
mixtures of citric acid and benzoic acid or phenobarbital in the desired 
ratio in an electric frying pan5 heated to 170'. Samples were stirred 
continually until melting was complete. The melt was rapidly solidified 
by transferring it to an aluminum foil boat located on a dry ice block 
hollowed out to fit the boat dimensions. After solidification, the melt was 
removed from the dry ice and placed in a desiccator over silica gel a t  23' 
for 24 hr. The solidified melt was pulverized in a rotary granulator6. 


Samples of the solidified melts, prepared by both the in situ method 
(removed from the sample holder after cooling to -6OO) and the bulk 
procedure, were placed in desiccators a t  4. 23,  and 37". Thermograms 
were run periodically to examine the effects of aging on physical sta- 
bility. 


The melting temperatures of the physical mixtures were determined 
by differential scanning calorimetry and a conventional capillary tube 
melting-point apparatus7. Both the onset of melting temperature and 
the complete fusion temperature are reported. When using the differ- 
ential scanning calorimetry, melting onset was defined as the temperature 
at which there was an initial endothermic deviation in the thermogram 
baseline. Its value was the curve extrapolation crossing point on each side 
of the baseline deviation. The complete fusion temperature was the en- 
dothermic peak temperature. If a sharp peak was not obtained, the sides 
of the peak were extrapolated and the crossing point was used as the value 
of the endothermic peak. With the capillary tube method, the melting 
onset and the complete fusion temperatures were visually estimated with 
a magnifying glass. The heating rate was -IO0/min. 


The area under the exothermic peak in the bulk-prepared citric acid 
melts was determined by a cut and weigh method. Areas were calculated 
according to the standard area weight. Results are reported as area under 
the peak in square centimeters per milligram of sample weight. 


5 Sunbeam Corp., Chicago, 111. 


' Model JM-110, Scientific Glass Inc., Bloomfield, N.J. 
Type TG-2, Erweka-G.m.b.H., Frankfurt, West Germany. 
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Figure 3-Storage temperature effect on the area under the exothermic 
peak of bulk-prepared citric acid solidified meL. Key: 0,4'; A, 230; and 
0,370. 


X-Ray Mraction-An X-ray diffrectiometere was used to determine 
the bulk-prepared solidified citric acid melt. Powdered mixed particle- 
size samples were mounted on a screen sample holder, and the X-ray 
diffraction pattern was determined wing Cu K, radiation. A powdered 
citric acid sample was run for comparison. 
NMR Studies-Citric acid stability during sample preparation was 


examined by NMR*. The fused sample citric acid spectra, prepared by 
both the in situ and bulk methods, were compared with those of unfused 
citric acid and aconitic acidlo, a possible dehydration decomposition 
product of citric acid. The solvent was deuterium oxide, and tetrameth- 
ylsilane was the internal standard. 


40' 


Lu ~ a 


a 
3 
t- 30'- 
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Figure 4-Effect of benzoic acid (A) and phenobarbital (0) on the citric 
acid glass transition temperature. The dashed line represents the values 
of the gloss transition temperatures of the phenobarbital-citric acid 
glass system predicted by Eq. 1. 


Model GE XRD-6, General Electric Co. 
9 Varian T-60 NMR spectrametar, Varian Instrument Diviaion. Palo Alto. 


lo Aldrich Chemical Co., Milwaukee, Wis. 
Calif. 


c: 
z 
a 
w 
I 
I- 
C 
C 
2 
LL 


\ 


I l l  I I  I I I I I I I 1  


TEMPERATURE 
-60' 0' 1 ooa 


Figure 5-Thermograms of 1:4 benzoic acid-citric acid physical mixture 
(A), 1:4 benzoic acid-citric acid in situ prepared glass (B), I : !  pheno- 
barbital-citric acid physical mixture (C), 1:I phenobarbital-citric acid 
bulk-prepared solidified melt (D), and 1:I phenobarbital-citric acid in 
situ prepared glass (E) .  Glass transition temperatures are indicated 
by arrows. 


RESULTS AND DISCUSSION 


Class is a fourth state of matter, distinct from both the crystalline and 
liquid states, yet exhibiting characteristics of both. Like a crystal, a glass 
exhibits ridigity; like a liquid, it has random molecular arrangement (1, 
10.11). 


The crystalline and liquid states are delineated from each other by a 
definite temperature: the melting point of the crystalline material. The 
transition between a glass and a liquid is more ambiguous (12). In dif- 
ferential scanning calorimetry, it is indicated by a marked shift in the 
thermogram baseline due to an increase in the material's specific heat. 
The glass transition temperature (T,) is the upper boundary of this 
transitional temperature range (lo), and it is this temperature that is 
reported as the Tn of the glass system studied. Experimentally, it was 
determined by extrapolating the curve on each side of the onset of the 
baseline shift; the crossing point of the extrapolated lines was used as the 
T8 value. 


Crystalline citric acid is highly hydrogen bonded (13). Citric acid glass 
formation has been attributed to this hydrogen bonding capacity, which 
may prevent ita crystallization (14). Citric acid glass formation may be 
due also to its partial decomposition by dehydration into aconitic acid 
during melting (4). 


Citric acid stability during sample preparation was examined by NMR. 
No changes were observed in the fused citric acid spectra when compared 
to the spectrum of unfused citric acid. A molten citric acid sample held 
isothermally at  1 7 5 O  for 5 min and then cooled rapidly also showed no 
spectral changes. The thermogram of this material was identical to that 
of citric acid melt prepared in the normal manner. 


Thermal citric acid studies indicate possible anhydride formation on 
continuous heating at  -18.5' (15). Decomposition does not occur until 
about 200' (15, 16), where citric acid begins to decompose to a mixture 
of itaconic and citraconic acid anhydrides. 


The thermograms of bulk-prepared citric acid melt and in situ pre- 
pared citric acid glass are shown in Fig. 1. The bulk and in situ glass 
transitions were 13.5 and 1 0 . 2 O ,  respectively. These resulta are in conflict 
with a previously reported Tn of -23' for bulk-prepared citric acid glass 
(8). In preliminary studies with bulk-prepared citric acid melts, a small 
baseline shift waa observed at -23", in addition to the transition at  13.5', 
when the heating rate was 2'/min. Since this shift was not observed at  
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Figure 6-Melting temperatures of the benzoic acid-citric acid binary 
system determined from physical mixtures. Key (differential scanning 
calorimetry): A, initial endothermic temperature deoiation in the 
thermogram baseline; 0, citric acid endothermic peak temperature; and 
0,  endothermic benzoic acid peak temperature. Key (capillary tube 
method): 0, melting onset temperature; and 0, complete physical 
mixture fusion temperature. 


heating rates of 5,10, and 20"/min, it was not considered to be the true 
citric acid glass Tg but rather an artifact or a secondary transition in the 
sample as a result of molecular relaxation within the solidified melt 
(17). 


The thermogram of the bulk-prepared melt exhibited a broad exo- 
thrmiic transition, onset at -MY, followed by an endotherm. The exotherm 
was present in all samples but varied in size and shape. The in situ 
samples did not exhibit an exotherm. No changes were observed in their 
thermograms after 4 weeks of storage under the test conditions. When 
the in situ sample surface was scratched with a metal probe and the scan 
was recorded, an exotherm similar to the one observed in the bulk samples 
was noted. X-ray diffraction data (Fig. 2) indicated that the bulk-pre- 
pared citric acid melt consisted of an amorphous and crystalline citric 
acid mixture. Mechanical manipulation of the citric acid melt during 
processing induced crystallization foci, and the exotherm in the bulk- 
prepared citric acid melt thermograms was due to crystallization. The 
endotherm was crystallized solid melting. 


The bulk-prepared citric acid melt crystallization rate can be studied 
by monitoring the rate of change in area under the exothermic peak. The 
smaller the area, the more crystalline is the material. Although the areas 
under the peak differed among batches of bulk citric acid melt because 
of stress variability, similar trends were observed (Fig. 3). Little area 
change was observed in melt samples stored a t  4'. At 2 3 O ,  the area 
.gradually decreased with time. A t  37', there was a rapid initial decrease 
followed by a slower rate of change. The abrupt change in slope corre- 
sponded to the disappearance of the glass transition. An initial rapid 
crystallization was followed by a slower secondary crystallization. Pos- 
sibly, crystallites formed in the primary process were regrouped and a 
more perfect crystalline state was formed. 


The benzoic acid effect on the citric acid glass T, is shown in Fig. 4. 
Benzoic acid up to 20% (w/w) decreased the TR. Above this concentration, 
the limit of benzoic acid incorporation into citric acid glass was reached, 
and no further TR reduction was observed. Excess benzoic acid crystal- 
lized upon cooling of the melt, forming a macrocrystal dispersion in the 
citric acid-benzoic acid glass matrix and disrupting the glass system. 
Figure 5 shows thermograms of a benzoic acid-citric acid (1:4) mixture 
and its rapidly cooled melt. The glass system was thermally unstable; the 
components crystallized and then melted as the temperature was in- 
creased. 


20 40 60 80 100 
140' 
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Figure 7-Phenobarbital-citric acid binary system melting tempera- 
tures determined from physical mixtures. Key (differential scanning 
calorimetry): A, initial endothermic temperature deviation in the 
thermogram baseline; 0, citric acid endothermic peak temperature; and 
0,  phenobarbital endothermic peak temperature. Key (capillary tube 
method): 0, melting onset temperature; and 0, complete physical 
mixture fusion temperature. 


The use of the melting characteristics of pharmaceutical mixtures to 
detect possible interactions between materials has been demonstrated 
(18,19). Figure 6 shows the melting data for the benzoic acid-citric acid 
system. The results obtained by the capillary tube method were in good 
agreement with the melting onset and the complete fusion temperatures 
determined with the differential scanning calorimeter. Little interaction 
between benzoic acid and citric acid was indicated since the physical 
mixture melting temperatures showed little change when compared to 
the melting temperatures of the pure materials. The slight depression 
of the citric acid melting temperature in the mixtures was probably due 
to the presence of molten benzoic acid. 


Phenobarbital also formed a glass on rapid cooling of its melt with a 
T, of 41.9O. The thermograms (Fig. 1) showed an exotherm, onset a t  90°, 
on continued heating above the TR followed by an endotherm. The exo- 
therm was attributed to crystallization, and the endotherm was attributed 
to crystallized phenobarbital melting. The phenobarbital crystallized 
into either of two polymorphic forms. A previous study of phenobarbital 
polymorphism showed similar results (9). 


In polymeric systems, the mixture TR of two miscible glasses can be 
estimated by (20): 


(Es.  1) 


where TRo and ?Igb are the glass transition temperatures of the two com- 
ponents of the mixture in degrees Kelvin, and W,, and Wb are their re- 
spective weight fractions. For the phenobarbital-citric acid glass system, 
the observed T, values were lower than those predicted (Fig. 4), probably 
because the bonding between citric acid and phenobarbital molecules 
is less than that between either citric acid or phenobarbital molecules 
alone. 


A therniograni o f  1:l hulk-prepared phenobarbital-citric acid melt 
(Fig. 5) rrsemhled that for bulk-prepared citric arid melt (Fig. 1). As in 
that case, the exotherin was attributed to crystallization, and the endo- 
therni was attributed t o  melting of  the crystallized solid. No difference 
I'roni the in situ 7'# was observed. 


The phenobarbital-citric acid mixture melting temperatures are shown 
in Fig. 7. As with the benzoic acid-citric acid system, the results obtained 
by the capillary tube method were in good agreement with those obtained 
using the differential scanning calorimeter. At compositions below 70% 
(w/w) phenobarbital, a single sharp endotherm was observed by differ- 
ential scanning calorimetry. A t  7096 (w/w) phenobarbital and above, two 
endothermic peaks were observed in the thermogram. This finding in- 
dicates that  the phenobarbital was dissolving in the molten citric acid. 
A second endothermic peak became visible in the thermogram only when 
the phenobarbital reached its solubility limit in the molten citric acid. 
The appearance of the second endothermic peak corresponded with the 
instability of the 270% (w/w) phenoharbital glass systems to tempera- 
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tures above the T,. Thermograms of these systems showed an exotherm 
followed by an endotherm, indicating crystallization followed by 
melting. 


Citric acid and phenobarbital seem to form glass solutions rather than 
dispersions as in the case of citric acid and benzoic acid. Visual exami- 
nation of the melts of citric acid and phenobarbital mixtures in a capillary 
tube, under a hot-stage microscopell, and during bulk preparation 
showed them to be a single homogeneous phase. 


The in situ procedure is useful for screening potential glass-forming 
materials and glass-forming drug-carrier combinations. Physical mixture 
and solidified melt thermogams and the Tg data indicate whether a 
drug-carrier mixture will form a glass solution or suspension and what 
optimum drug-carrier combination can be obtained. In systems that 
exhibit mechanical and/or thermal instability or that have a Tg below 
or only sliihtly above room temperature, the material would not be rigid 
enough to withstand normal handling operations and could be eliminated 
from further investigation. 


Of particular interest would be the preparation of glass systems con- 
taining large quantities of drugs. For example, it might be possible to 
stabilize the glassy state of a glass-forming drug by mixing it with a small 
amount of a compatible inert glassy carrier. This procedure would permit 
the use of less carrier, thereby reducing bulk volume, and aid in the for- 
mulation of glass dispersion systems into solid dosage forms. 
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Abstract 0 The assay of suppositories containing pentobarbital and/or 
pyrilamine in a water-soluble polyethylene glycol base by high-pressure 
liquid chromatography is described. No extraction is required. The 
suppository is dissolved in the mobile phase. This solution is diluted with 
an internal standard stock solution containing phenobarbital. Chroma- 
tographic conditions include a Cle bonded microporous silica column and 
a mobile phase of 65% 4 X low3 M n-butyl sodium sulfonate in 1% acetic 
acid and 35% acetonitrile. The procedure using commercial products gave 
results comparable to those obtained by GLC. 


Keyphrases Pentobarbital-pyrilamine suppositories-analysis, 
paired-ion reversed-phase high-pressure liquid chromatography, com- 
pared to GLC Suppositories, pentobarbital-pyrilamine-analysis, 
paired-ion reversed-phase high-pressure liquid chromatography, com- 
pared to GLC 0 High-pressure liquid chromatography-analysis, pen- 
tobarbital-pyrilamine suppositories, compared to GIX 


A pharmacokinetic study involving suppositories con- 
taining pentobarbital and/or pyrilamine maleate required 
in-house manufacturing. This need led to the development 


of an assay for accurately determining the drug content 
and uniformity in each lot of suppositories. The rapid 
high-pressure liquid chromatographic (HPLC) procedure 
was verified by GLC using commercial products. 


Several GLC assays for barbiturates (1-3) and antihis- 
tamines (4-7) have been published. In each, appropriate 
extraction procedures must be carried out to separate the 
acidic barbiturate from the basic antihistamine. Because 
the suppositories were made using a water-soluble poly- 
ethylene glycol base, reversed-phase HPLC seemed to be 
the logical approach. 


EXPERIMENTAL 


Reagents and Chemicals-Authentic samples of pentobarbital so- 
dium’, pyrilamine maleatel, phenobarbital2, propylparaben’, and 


1 City Chemical. * Mallinckrodt. 
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Table 11-Summary of Theophylline Protein Binding Studies 


Percent 
Assay Bound Reference Source n Procedure 


Rabbit plasma - Equilibrium dialysis: cellophane membrane UV spectrophotometry 5-10 11 
Bovine serum albumin (2%) solutions - Equilibrium dialysis: cellophane membrane UV spectrophotometry 20 7 
Plasma of normal dosed volunteers 7 Equilibrium dialysis: cellophane membrane UV spectrophotometry 59 i 3 4 
Serum from dosed nursing mothers 4 Ultrafiltration: cellophane membrane HPLC 42-69 5 


“Spiked” plasma of cirrhotic patients 4 Ultrafiltration: membrane cones” LSC 32.3-40.2 8 


“Spiked” normal adult plasma 21 Ultrafiltration: membrane coneso LSC * 56.4 f 3.8 6 
“Spiked” cord plasma of full-term infants 21 Ultrafiltration: membrane cones” LSC 36.4 i 3.8 6 


0 Amicon Centriflo cones (CF-50). Amicon Corp., Lexington, MA 02173. LSC = liquid scintillation counting of 1%-theophylline. 


et al. (2) concluded that, since only 20% theophylline was protein bound 
(7), binding need not be considered when the volume of distribution was 
measured. However, Aranda et al. (6) reported decreased binding, which 
might be important when determining effective serum theophylline 
concentrations in premature infants with apnea. Piafsky et al. (8) found 
reduced binding in cirrhotic patients but did not determine if greater 
availability of free drug in the liver increased plasma clearance. In the 
present study, theophylline protein binding did not increase with age. 
Therefore, it is unlikely that it contributes to the decreased clearance 
rates found in older patients (9, 10). 


Considerable variation in unbound serum theophylline could be pos- 
sible in patients, based on the 29% range of protein binding found in this 
study. The effect of binding should possibly be considered in patients 
who do not have optimal bronchodilation from theophylline despite total 
serum theophylline concentrations of 10-20 pglml. 
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Abstract A method for the high-pressure liquid chromatographic 
determination of chlorzoxazone and its hydroxy metabolite in human 
plasma samples is presented. The separation of the compounds is 
achieved on an octadecylsilane column with a mobile phase of absolute 
methanoldistilled water (40:60) at a flow rate of 2.0 mllrnin (3100 psig). 
The chromatographic separation is achieved within 10 min. The overall 
analysis time is about 45 min, which includes extraction of the drug and 
metabolite from plasma followed by high-pressure liquid chromato- 
graphic separation and quantification. The accuracy of the procedure 
is in the 1-5% range. 


Keyphrases Chlorzoxazone and hydroxy metabolite-high-pressure 
liquid chromatographic analysis in plasma 0 High-pressure liquid 
chromatography-analysis, chlorzoxazone and hydroxy metabolite in 
plasma Relaxants, skeletal muscle-chlorzoxazone and hydroxy me- 
tabolite, high-pressure liquid chromatographic analysis in plasma 


Chlorzoxazone (I) is one of the most useful agents in the 
treatment of painful muscle spasms, especially in combi- 
nation with acetaminophen. It can be used as a potent 


long-acting central muscle relaxant (1,Z). Clinical studies 
(3) indicated its therapeutic utility and showed no signif- 
icant side effects (4). Iti metabolism was studied (5,6), and 
the major metabolite was 6-hydroxychlorzoxazone (11). 
Chlorzoxazone is rapidly and completely absorbed from 
the GI tract. The intact drug essentially disappears from 
the human body in 7 hr, with less than 1% found in urine. 
Synthesis of I1 was reported previously (7). 


Analytical methods previously reported for I in biolog- 
ical fluids are scarce. The initial and most commonly used 
method is a spectrophotometric assay (51, involving ex- 
traction of drug from biological fluid and reextraction into 
basic solution with the absorbance read a t  289 nm. Other 
titrimetric (8), GLC (9, lo), and TLC (11) methods were 
reported for I but were not adapted to the analysis of the 
intact drug or metabolites in biological samples. 


In continuing efforts to apply high-pressure liquid 
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Table I-Effect of Mobile Phase Composition on Retention 
Times Using Octadecylsilane Column * 


Mohile Hydroxy- 
Phase* Chlorzoxazone Phenacetin chlorzoxazone 


A 292 (32)c 220 (24) 139 (23) 


B 514 (50) 359 (98) 196 (27) 


C 271 (22) 208 (22) 130 (la) 


Rsd = 2.57 


Rs = 3.52 


Rs = 3.45 


Re = 5.02 


Rs = 2.86 Rn = R.90 


0 Retention time expressed as second8 measured 8s elapsed time between in. 
jection and attainment of the chromato raphic peak maximum. The eluted peaks 
were monitored using IJV detection. tolvent composition: A, absolute metha- 
nol-distilled water (5050); B. absolute methanol-distilled water (4060); and C, 
acetonitrile-distilled water (3565) .  Base peak width expressed as seconds. See 
Ref. 13. 


chromatography (HPLC) in pharmaceutical analysis', an 
HPLC procedure for the separation and quantification of 
I and I1 in human plasma is reported. The chromato- 
graphic separation takes approximately 10 min. The 
overall analysis time is about 45 min, which includes ex- 
traction of the drug and its metabolite from plasma fol- 
lowed by HPLC separation and quantification. 


EXPERIMENTAL2 


Reagents and Chemicals-Powdered samples of chlorzoxa~one~ and 
6-hydroxychlorzoxazone' were used in the analytical procedure and in 
the preparation of standard curves. All other chemicals and solvents were 
the highest purity of the commercially available materials. 


Mobile Phase-Ahsolute methanol-distilled water (40:60) was used 
as the mobile phase and was degassed before use. 


Internal Standard Stock Solution-Powdered phenacetin4 was 
dissolved in absolute methanol to give a stock internal standard solution 
of 100 pglml. 


Preparation of Stock Solutions for Calibration Curve-Separate 
stock solutions (5 pglml) of chlorzoxazone and 6-hydroxychlorzoxazone 
were prepared by dissolving 5 mg of each powder in 100 ml of ahsolute 
methanol followed by a 1:lO dilution of the resulting solution with 
methanol. 


Determination of Calibration Curves for  Plasma Levels-Into 
individual 15-ml centrifuge tuhes were placed accurately pipetted vol- 
umes of 0.2,0.6, and 1.0 ml of both chlorzoxazone and hydroxychlor- 
zoxazone stock solutions. Then 0.1 ml of internal standard stock solution 
was added to each tube, and the contents were evaporated to dryness on 
a steam bath with a nitrogen stream. 


Unspiked human plasma (1.0 ml) was added, and the mixture was 
shakens for 1 rnin followed by the addition of 1 ml of 0.1 N HzS04. Am- 
monium sulfate (0.5 g) was then added to each sample in four evenly di- 
vided portions, with shaking" and heating on a steam bath after each 
addition. Ether (5 ml) was added, and the mixture was shakens and 
centrifuged at  5000 rpm for 5 min. The mixture was quick frozen with 
the aid of a dry ice-acetone solution in a Dewar flask. The ether layer was 
decanted and filtered through a 0.5-pm filter6 into a clean 15-ml centri- 
fuge tube and evaporated to dryness on a steam bath under a nitrogen 
stream. Absolute methanol (100 pl) was added to dissolve the residue, 
and a 20-pl aliquot was injected into the liquid chromatograph. 


Determination of Chlorzoxazone and Hydroxychlorzoxazone in 
Human Plasma-Into individual 15-ml centrifuge tubes were placed 
accurately pipetted volumes of 0.25,0.7, and 1.0 ml of both chlomxazone 
and hydroxychlorzoxazone stock solution. Then 0.1 ml of internal stan- 
dard stock .solution was added to each mixture. Each sample was then 
treated in the same manner as described under Determination of Cali- 
bration Curves for Plasma Levels. A control blank with unspiked human 


-. 


I For other papers in thin series, see 1.1. .  Honigberg. J. T. Stewart. and M. Smith, 
d .  Phorm. Sci..  67.675 (1978). * A Waters'Asioociates liquid chromatograph (model ALC 202) e uipped with 
an M-6000 pump and a U6K injector, a Perkin-Elmer model L8-55 variable 
wavelength UV-visihle detector, a Spectra-Physics autolab minigrator with digital 
printout, and Waters packed columns (30 cm X 4 mm i.d.1 were used. 


A. H. Robins, Richmond. Va. 


Vortex Genie mixer, Scientific Industries, Bohemia, N.Y. 
CaInlng No. FHLP01300, Millipore Corp., Bedford, MA 01730. 


' Matheson, Coleman and Bell, East Rutherford. N.J. 


L 


120 240 360 480 600 
SECONDS 


Figure I-Liquid chromatogram of chlorzoxazone and 6-hydroxy- 
ChkJrzoxazone from a spiked plasma sample at a flow rate of 2.0 mllrnin 
on an octadecylsilane column. The mobile phase was absolute metha- 
nol-distilled water (40:60). The initial drug and metabolite concen- 
tration in plasma was 5 pglml. Key: A, plasma blank; and B,  spiked 
plasma sample containing 6-hydroxychlorzoxazone ( I ) ,  phenacetin ( 2 )  
(internal standard), and chlorzoxazone (3) .  


plasma also was performed. Replicate injections of 20 pl were made for 
each sample. 


Chromatographic Separation and Quantification-The degassed 
mobile phase was pumped through an octadecylsilane column7 a t  a flow 
rate of 2.0 mllmin (3100 psig) a t  room temperature (23 f 2") until a stable 
baseline was obtained. Replicate 2 0 4  injections of sample and standard 
solutions were made using a lOO-fil eyringes. A record of drug elution from 
the column as peaks on a chromatogram was provided by a chart recorder. 
The wavelength of the UV detector was set at 280 nm. Each solute was 
measured by digital integration of the peak area'. 


RESULTS AND DISCUSSION 


The HPLC analysis of a chlorzoxazone-hydroxychlorzoxazone mixture 
and its application to plasma extracts necessitated the examination of 
three separate problems: ( a )  the development of a set of HPLC operating 
parameters that  would separate the two compounds without peak over- 
lap, ( b )  the detection and quantification of each compound a t  the levels 
found in plasma (1-10 pglml), and ( c )  the determination of the contri- 
bution of the extracted plasma blank to the chromatograms. 


Initial chromatographic separation was attempted using a cyanopro- 
pylsilan@ column and the Snyder concept (12) of solvent selectivity and 
polarity index (PI) as two measurable parameters for the selection of a 
proper solvent mixture in HPLC. Preliminary data revealed that the 
polarity index of the solvent mixture should be in the 1.9-2.3 range to 
obtain a k' for each component between 3 and 10. Various solvents in 
Snyder's nine solvent categories were intermixed to give the same PI value 
but change solvent selectivity and maximize resolution of the solute 


' Waters packed <lO-rm pBondapak CIS columns, Waters Associates, Milford, 
Mass. 


Model B-110, Precision Sampling Corp., Baton Rouge, La. 
pBondapak CN, <I0 pm, Waters Associates, Milford. Mass. 
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Table 11-Typical Calibration Data f o r  Standard Solutions 


Compound 
Final Concen- 


tration, pga D/IS Ratiob SlooeC Interceot r i s..,d 


C hlorzoxazone 


6-H~droxvchlorzoxazone 


1 .O 
2.5 
5.0 
1.0 


0.2097 f 0.0179 
0.5159 f 0.0341 0.2613 -0.0846 
1.2417 f 0.0032 
0.1036 f 0.0088 


0.9962 f 0.0377 


- -  
2.5 0.2438 f 0.0122 0.1128 -0.0203 0.9977 f 0.0126 
5.0 0.5502 f 0.0100 


a Total micrograms per 100 PI  of solution. * Data represent triplicate injections of duplicate samples of standard solutions. D/IS is the ratio of the area of the drug at 
some concentration divided by the area of phenacetin at a concentration of 100 rg/100 PI. Repetition of calibration curve data on different days (n = 4) revealed that 
relative standard deviations of the slope for chlorzoxazone and hydroxychlorzoxazone were 1.25 and 4.3%. respectively. The r is the correlation coefficient calculated 
from regression analysis, and syl is the standard error of the estimate of y (D/IS) on .r (concentration). 


Table 111-Determination of Chlorzoxazone and Hydroxy Metabolite i n  Human Plasma 


Amount Found, pga RSD, 96 Accuracy, % Mixture Components Amount Added, pg 


C hlorzoxazone 1.25 1.30 f 0.06 4.6 4.0 A 
Hydroxychlorzoxazone 1.25 1.22 f 0.06 4.9 2.4 


B C hlorzoxazone 3.5 3.47 f 0.05 1.4 0.86 
Hydroxychlorzoxazone 3.5 3.52 f 0.04 1.1 0.57 


H ydroxychlorzoxazone 5.0 5.08 f 0.28 5.5 1.6 
C Chlorzoxazone 5.0 4.78 f 0.13 2.7 4.4 


Based on triplicate injections of duplicate plasma samples 


mixture. This approach was unsuccessful because of the lack of satis- 
factory resolution of the mixture caused by band spreading of I1 on the 
column. 


Further investigations revealed that reversed-phase chromatography 
on an octadecyl column was a more successful approach to the separation 
of I and 11. The effect of mobile phase composition on the retention time 
of each component on the column is shown in Table I. Although adequate 
separation could be achieved using any of the solvent systems studied, 
as evidenced by the resolution (Rs) values (13), the compounds were most 
propitiously separated with absolute methanol-distilled water (4060). 
This solvent mix allowed the separation of drugs from endogenous plasma 
components (Fig. 1) as well as the use of phenacetin as a suitable internal 
standard. 


A flow rate of 2.0 ml/min (3100 psig a t  room temperature) was the most 
satisfactory since separations could be obtained in less than 10 min. The 
void volume of the column was 2.4 ml. UV detection a t  280 nm was em- 
ployed since both I and I1 have UV absorption maxima close to this value 
and the detector would, therefore, provide maximum sensitivity for the 
low concentration levels present in the plasma. Acetaminophen does not 
interfere with the assay since it elutes close to the solvent front in the 
mobile phase employed. 


The solutions used in the determination of the standard curves as well 
as the plasma samples were extracted with ether. The percent recoveries 
for I and I1 using the described procedure were 96.1 f 3.0 and 83.2 f 5.2%, 
respectivelyI0 (mean f SD). The internal standard (percent recovery was 
83.2 f 2.6%) was added to the original samples prior to extraction to 
improve precision. The drug concentrations used in the preparation of 
the standard curve and plasma were in the range of those reported for 
plasma (6). The minimum detectability of both the drug and its metab- 
olite with the chromatographic procedure was 80 ng a t  two times the noise 
level. 


Calibration curves for plasma of I and I1 were obtained as follows. 
Digital integration of the area under the curve for each peak on the 
chromatograms was performed. The ratios of each compound to the area 
of the internal standard were calculated for each chromatogram. Re- 


10 Percent recoveries of chlorzoxazone and the hydroxy metabolite were deter- 
mined by comparing the HPLC peak area ratios of equivalent quantities of extracted 
and unextracted compound to unextracted internal standard. Triplicate injections 
of three individual samples of drug and metabolite were performed. 


gression analysis of these data at the various concentrations of each 
component gave the slope, intercept, and correlation coefficient for the 
plasma calibration curve (Table 11). 


A liquid chromatogram of I and I1 from a spiked plasma sample is 
shown in Fig. 1. No interference from blank plasma was noted. The ratios 
of drug peak areas to internal standard peak areas (DAS) were calculated 
for both components. The constants (slope and intercept) shown in Table 
I1 for the linear regression equations were used to solve for drug con- 
centration in the plasma sample: [D/IS = (slope X concentration) t in- 
tercept]. Calculations were performed on a programmable calcula- 
tor”. 


The data in Table 111 demonstrate the utility of HPLC in the analysis 
of I and I1 a t  plasma concentration levels. 
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Abstract  0 The apparent loss of the hydrophobic amine drug a-[(di- 
butylamino)methyl]-6,8-dichloro-2-(3’,4’-dichlorophenyl)-4-quinoline- 
methanol monohydrochloride from solution due to its adsorption onto 
the surface of its storage container was studied. The drug appeared to 
be adsorbed only as the free base. Therefore, any perturbations to the 
solution phase that will help solubilize the drug and thus lower its 
chemical potential will minimize adsorption. Multilayer drug adsorption 
to the container surfaces appeared to take place, with some evidence of 
a highly organized system in the adsorbed phase. Adsorption was mini- 
mized when the heterogeneous polar functionalities on glass surfaces were 
covered by a layer of silicone or methacrylate polymer, which yielded less 
reactive, more hydrophobic surfaces. Loss was also minimized when the 
environment was kept acidic (pH -< 4.81, the drug was dissolved in a 
proton-donating solvent (e.g , chloroform), and an ion-pairing agent (e.g.. 
trichloroacetate) was present to solubilize further the monocationic form 
of the drug in organic media. 


Keyphrases a-((Dibutylamino)methyl~-6,8-dichloro-2-(3’,4’-di- 
chlorophenyl)-4-quinolinemethanol-adsorption onto container surfaces 
0 Adsorption--n-[(dibutylamino)methy1]-6,8-dichloro-2-(3’,4’-di- 
chlorophenyl)-4-quinolinemethanol onto container surfaces 


Quantitative analysis at  the submicrogram level poses 
challenges not encountered in the determination of ana- 
lytes at  higher levels. One problem often encountered, 
particularly with analysis of hydrophobic drugs, is the 
apparent loss of compound from solution by adsorption 
onto container surfaces (1,2). The experimental antima- 
larial a-[(dibutylamino)methyl]-6,8-dichloro-2-(3’,4’- 
dichlorophenyl)-4-quinolinemethanol monohydrochloride 
(I) and its free base (11) adsorb to container surfaces to a 
significant and readily measurable extent. The loss of I 
from solution in hydroxylic solvents by adsorption was 
studied, and methods to minimize this source of error were 
investigated. 


EXPERIMENTAL 


Materials-Compounds 1 and I 1  were used as received’. Glass con- 
tainers (10-ml volumetric flasks) were siliconized by immersion in a 1% 
silicone2 solution for 5 min. The silicone solution was then discarded, and 
the glassware was rinsed with double-distilled water and dried in an oven 
at  looo for -24 hr. 


The inner surfaces of volumetric flasks were coated with methacrylate 
polymer? by filling the container with a 10% solution of polymer for -10 


clyJ&cl CI 


I 


1 Walter Reed Army Research Institute. 
2 Siliclad, Becton- Dickinson. 
3 Plexiglas. 


min. The solution was then evaporated, the inner surfaces were rinsed 
with methanol, and the flasks were dried a t  100’ for 48 hr in an oven. 


Adsorption Experiments-Solutions were prepared containing 5 ml 
of 0.02 M H2S04 [or 0.02 M phosphate buffer (pH 5.8)], an appropriate 
volume of stock solution of I (10-40 pglml in methanol), and sufficient 
methanol to bring the total volume to 10 ml. The solution was stirred a t  
a constant rate and monitored fluorometrically (Aex 272 nm and A,, 370 
nm) as a function of time. The solutions then were discarded, and the 
inner surface of the vessel was rinsed with 2-ml portions of a wash solvent 
for prescribed periods with shaking. Each rinse was assayed fluorome- 
trically for desorbed I. 


Equilibrium Desorption of Adsorbed Phase-Methanolic solutions 
of I were allowed to stir for about 20 days a t  25O. The I concentration 
remaining in solution was determined fluorometrically; intensities were 
compared with standard curves made a t  the time of analysis. Drug ad- 
sorption to surfaces of the flasks was assumed to be complete when four 
consecutive concentration measurements were constant. The solutions 
were stirred for 3 weeks after adsorption was assumed complete. 


The total amount of the drug adsorbed was calculated by difference 
(the total amount added and the amount remaining in solution). The 
solution was then discarded. Solvent (2 ml) was added to the flasks, and 
the flasks were shaken in a vertical position for 0.5 hr. The amount of the 
drug desorbed in 0.5 hr was determined fluorometrically. The solution 
was discarded, and 2 ml of fresh solvent was added. A number of suc- 
cessive washes was made, until no drug could h e  detected in the wash 
solution. The volume of the solvent (2 ml) and the time of shaking the 
solution (0.5 hr) were kept constant for all washes. 


In all cases, volumes were kept constant. When a plastic container or 
a glass container coated with silicone or methacrylate polymer solutions 
was used, a Pyrex glass container o f  the same dimensions was used as a 
standard for comparison. 


RESULTS AND DISCUSSION 


Loss of I from Solution-In early investigations with aqueous solu- 
tions of I and 11, the drug concentration in solution appeared to decrease 
rapidly when monitored spectrophotometrically. 


When solutions of I (0.08 pg/ml in water-methanol (5050 v/v), buffered 
a t  pH 5.8) were stirred a t  430 rpm, 50% of the compound was lost to the 
surface of each container within 28 min. The stirring rate had a consid- 
erable effect on the depletion of the drug from solution. A reduction in 
the stirring rate from 430 to 315 rpm increased the I half-life in solution 
from 28 to 168 min. Although these data are insufficient to draw definitive 
conclusions, the results are consistent with the assumption that mass 
transfer uia drug diffusion to the container surface is rate determining 
in adsorption. 


The extent of drug adsorption was dependent on the amount of drug 
already adsorbed on the container surface. When 0.78 pg of drug was 
adsorhed to the surface of a 20-ml beaker, 0.03 pg of drug/ml remained 
in solution; when 2.25 pg of drug was adsorhed to an identical container, 
the I concentration in solution was 0.05 wg/ml. The I concentration re- 
maining in solution in equilihrium with its adsorbed phase was also de- 
pendent on the total amount of the drug adsorbed. These results may he 
explained by assuming that the chemical potential of the drug in the 
adsorbed phase may be different when different amounts of the drug are 
totally adsorbed, as would be the case if the drug were adsorhed in layers 
on the container surface. 


Influence of pH on Adsorption-The pH of the solvent system in 
which I was dissolved had a pronounced effect on adsorption. Whereas 
the half-life of I in methanol-water (50:50) buffered a t  pH 5.8 was ap- 
proximately 28 min (Fig. I), adsorption occurred more slowly ( t  112 = -15 
hr) in the presence of pH 4.2 buffer (Fig. 2) and was eliminated suh- 
stantially in the presence of 0.01 M H2S04 a t  the same stirring rate (430 
rpm) and a t  the same initial drug concentration (0.08 pglml). 
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Table I-Adsorption of 18 from Solution to Surface of Various 
Containers 


Percent of Drug Remaining in Solution 
after Agitation in - 


Polyfluoroethylene 
Glass Polypropylene Beakers 


Time Beaker' Beakerc AC Bd 
~ 


5 min 94 
15 rnin 89 
30 min 90 
45 min - .. ~ ~ ~ . . .  


60 rnin 87 
3 hr 78 
5.5 hr 71 


96 
95 
94 
- 
94 
85 
74 


88 84 
88 65 
87 55 
84 53 
82 46 
81 36 
- - 


- - - 6 hr 65 
9 hr - 59 80 27 


10 hr 36 


a 0.11 pg/ml in water-methanol (1:l). 


- - - 


Analyzed fluorometrically at 370 nm 
In the (excitation wavelength 272 nm). 


presence of pH 5.8 phosphate buffer. 
In the presence of 1 X 10V M H2S04. 


At or below pH 4.2, the predominant species in solution is the mono- 
cationic form of the drug [pKa; = 0.5 and pKa; = 6.3 determined in 
water-methanol (75:25) in this laboratory]. The decreased drug ad- 
sorption in relatively acidic solutions may well be due to the predomi- 
nance of the more polar monocationic form of the drug, which is better 
solubilized in hydroalcoholic solution than is the free base. The reduced 
adsorption a t  lower pH suggests that  only the free base, 11, adsorbs to 
container surfaces; i .e.,  the thermodynamic activity of the free base in 
hydroalcoholic solution is greater than the activity of the monocation in 
the same solvent. I t  is presumed that the acidic environment does not 
significantly affect the container surface, which would modify adsorption 
characteristics. 


Equilibrium Desorption of Free Base (11)-After a solution con- 
taining I or I1 was equilibrated with its adsorbed phase, addition of a fresh 
volume of solvent resulted in desorption of the drug until equilibrium 
was reestablished. 


Equilibrium desorption of 11, when a range of 10-60 pg was initially 
adsorbed on glass containers, is shown in Fig. 3. Each point represents 
a single desorption step with 2 ml of wash solution [methanol-water 


The apparent constancy in the amount of drug desorbed as a function 
of the amount remaining adsorbed suggests multilayer drug adsorption 
on the surface as opposed to precipitation of the slightly soluble drug onto 
the surface. I t  was not possible to desorb the drug with the methanol- 
water (1:l) solution when less than 5 pg was adsorbed, suggesting that 
this amount may represent monolayer formation on the specific con- 
tainers used. Simple calculations, with the assumption that 5 pg of the 
drug formed a monolayer on the beakers used, indicated the surface area 
per molecule of I to be about 18-19 A'. This value is comparable with the 
reported surface area per molecule for stearic acid in monolayers (about 
22 A2) (3), lending support to the assumption that 5 pg of I1 adsorbed to 
the surfaces of these containers may represent a monolayer. 


When 1&60 pg is adsorbed to the same container, several layers of the 
drug may be expected to form on the container surface and these layers 


(I:l)]. 


20 40 60 80 100120140160180 
MINUTES 


Figure 1-Adsorption of the drug from solutions (0.08 p g / d )  in 
water-methanol ( 1 : l )  in the presence of pH 5.8 phosphate buffer t o  
surfaces of four identical containers (A, 0, 0, and 0 ) .  


Table 11-Adsorption of I from Solutions to  the Surfaces of 
10-ml Volumetric Flasks 


Percent of Drug Remaining in Solution * in 
Flasks Coated Flasks Coated 


with with 
Uncoated Methacry late Silicone 


Time Flasks Solution Solution 


5 min 92 100 99 
15 min - 100 96 
35 min 83 100 95 
60 rnin 78 99 94 


4 hr  76 97 91 
8 h r  - 98 85 


0 0.098 pglml in water-methanol (1:l) in the presence of I X lo-* M H2S04. 
Analyzed fluorometrically at 370 nm (excitation wavelength 272 nm). 


may possess a definite order, i .e.,  layers of decreasing chemical potential 
in proceeding from the outerlayer to the monolayer. The desorption of 
such an ordered phase may occur in several steps, with one or more layers 
desorbing at the same time. The general pattern for desorption in Fig. 
3 conforms with the hypothesized ordered layering of I1 in the adsorptive 
phase if it is assumed that 5 pg of the drug represents a monolayer and 
that approximately two layers of drug desorb simultaneously. 


The scatter in the data in Fig. 3 may result from the long periods re- 
quired to reach equilibrium, making the analytical technique rather in- 
accurate, and the nonhomogeneity of container surfaces, offering sites 
of different energy to the drug being adsorbed. This situation may result 
in exposure of different layers to the solvent at the same time during 
desorption. 


Reduction o r  Prevention of Drug  Adsorption to  Surfaces of 
Containers-Drug adsorption to surfaces of different types of containers 
was studied to see if any reduction or prevention of adsorption to surfaces 
other than glass occurred. The adsorption of I1 from solutions [in 
water-methanol (1:1)] to surfaces of different containers is presented in 
Tables I and 11. Except when otherwise indicated, solutions were made 
0.01 M in sulfuric acid since an acid environment minimized adsorp- 
tion. 


Vessel composition did not appear to affect adsorption since losses of 
drug from solution to the surface of polyfluoroethylene beakers (20% loss) 
and polypropylene beakers (25% loss) were similar to each other and 
similar to glass beakers (29% loss) of identical surface area when ad- 
sorption was studied over 5 hr  (Table I). However, the coating of glass 
vessels with materials that  increase surface hydrophobicity did affect 
the propensity for adsorption. When I1 was dissolved in methanol-water 
solution (containing 0.01 M H2S04) in 10-ml volumetric flasks coated 
with a silicone solution (Table II), only 9% of the drug was lost from so- 
lution in 4 hr and 15% in 8 hr. Alternatively, when the flasks were coated 
with a methacrylate polymer solution, less than 2% of drug was adsorbed 
over 8 hr. 


Container surfaces were not examined in microscopic detail, so no at- 
tempts were made to explain the effect of the surface on drug adsorption. 
The effect of environmental pH on adsorption was demonstrated further 
by the observations that only 20% of drug was lost to the surface of 
polyfluoroethylene beakers in 10 hr in the presence of 0.01 M HzS04 but 
that 70% was lost when pH 5.8 phosphate buffer was used in place of the 
acid (Table I). Adsorption of I1 occurred to all surfaces investigated; 
however, adsorption occurred to a much lesser extent with methacrylate- 
and silicone-coated containers. 


The desorption of I1 from glass surfaces into the solution phase was 


HOURS 


Figure %-Adsorption of the drug from solutions (0.105 pglml) in 
water-methanol (1 :Z)  in the presence of pH 4.2 succinate buffer to  
surfaces of two identical containers (0 and 0 1. 
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Figure 3-Equilibrium desorption (into 2 ml of water-methanol (1:1)]  
of the drug when 60 (0) ,40.7 (A), 30 (O) ,  27.6 (O) ,  17.3 (01, or 10.6 (A) 
pg was adsorbed initially. 


studied with several organic solvents (Table 111). Methanol and ether 
failed to desorb any detectable quantity of the drug in 30 min. The 
presence of 20% (v/v) chloroform in methanol facilitated the transfer into 
the solution phase, resulting in the desorption of 42% of the free base. A 
relatively efficient transfer (92%) was obtained when chloroform alone 
was the transfer reagent. Chloroform, a proton-donating solvent, is ca- 
pable of solubilizing I1 more efficiently through hydrogen bonding with 
electron-rich sites (nitrogen and chlorine) on 11. 


In all cases, the transfer efficiency was increased by the addition of acid 
to the solvents (Table 111). In the presence of 0.01 M H~fj0.1 in methanol, 
a fairly high transfer occurred over the range studied (the 0.2 and 2.0 pg 
adsorbed initially could be desorbed to an  extent of 56 and 88%, respec- 
tively). Addition of 33% (v/v) chloroform to that solvent favored the so- 
lution phase, making transfer to the solution even more efficient (97%). 
Acids capable of forming ion-pairs with I, e.g., trichloroacetate, resulted 
in a 100% transfer of the drug to the solution phase (dichloromethane or 
chloroform). 


General trends observed during the transfer of the adsorbed phase 
(Table 111) suggest that transfer into the solution phase was more favored 
as the total amount of the free base adsorbed increased. With smaller 
amounts of adsorbed drug, the adsorbed phase was preferred over the 
solution phase, except in chloroform solutions. Furthermore, drug 
transfer from the adsorbed phase into solution (for any solvent system 
tried) was more efficient when silicone-coated (or methacrylate-coated) 
containers were used as compared to Pyrex glassware. The Pyrex glass 
surface is more heterogeneous than the surface of a silicone-coated con- 
tainer. Therefore, adsorption of hydrophobic drug molecules may be 
stronger onto a glass surface. 


In conclusion, the drug appears to adsorb onto container surface in 
layers possessing a definite energetic order. Minimum adsorption oc- 
curred to glassware made hydrophobic by coating with silicone or 
methacrylate. Desorption was achieved most efficiently with solvent 


Table  111-Transfer of the D r u g  from the Adsorbed Phase a to 
the Solution Phase. 


Drug Drug Drug 
Solvent Used Adsorbed, Transferred, Transferred, 
for Transfer Pg cck! % 


2 ml of methanol 


2 ml of ether 


1.6 ml of chloroform and 
0.4 ml of methanol 


1.6 ml of chloroform and 
0.4 ml of hexane 


2 ml of chloroform 


2.0 ml of methanol and 
0.03 ml of 3 M H2S04 


2.0 ml of methanol, 
0.1 ml of 1 M H2S04, and 
1.0 ml of chloroform 


2.0 ml of chloroform 
containing 4% CC13COOH 


containing 4% CClsCOOH 
2.0 ml of dichloromethane 


0.21 
0.216 
2.06 
2.066 
1.92 
1.926 
1.09 
1.116 
0.43 
0.43 
1.93 
1.93b 
0.19 
0.196 
1.28 
1.286 
0.24 
0.216 
2.06 
2.06" 
2.38 
0.24 
2.06 
0.216 
0.226 
1.66 
0.22 
0.226 


0.0 0 
0.0 n .~ 


0.0 0 
0.12 6.0 
0.0 0 
0.0 0 
0.52 48 
0.47 42 
0.0 0 
0.26 61 
1 .o 52 
1.7 88 
0.0 0 
0.1 52 
0.59 45 
1.18 92 
0.0 0 
0.18 88 
0.70 34 
1.14 55 


1.41 85 
0.18 82 
0.22 100 


The drug was allowed to adsorb onto surfaces of 10-ml volumetric flasks from 
Ten-milliliter volumetric flasks coated with a water-methanol (1:l) solutions. 


silicone solution were used. 


systems that most effectively solvate the drug. The  presence of an acid 
environment converted I1 to a more polar monocationic species, which 
was efficiently solvated as an ion-pair in proton-donating solvents 
(chloroform and dichloromethane), thus eliminating the adsorption of 
I to container surfaces. 
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Abstract The applicability of a pharmacokinetic model €or drug in- 
teractions by enzyme induction was tested in rhesus monkeys using a 
design in which both the inducer (carbamazepine) and the induced agent 
(clonazepam) were infused chronically. Two types of studies were con- 
ducted. Studies I and I1 examined the kinetic behavior of plasma clona- 
zepam levels during induction and postinduction, respectively. The ad- 
dition of carbamazepine (Study I) caused the preinduction clonazepam 
steady-state level to decrease exponentially to a lower (induced) steady 
state after lag times of 14.0-60.5 hr, and the removal of carbamazepine 
(Study 11) caused induced clonazepam steady-state levels to climb ex- 
ponentially to a higher steady state after lag times of 34.0-81.0 hr. The 
extent of induction ranged between 23 and 54%. The time course of clo- 
nazepam levels was described in terms of a one-compartment induction 
model with zero-order input and a metabolic clearance that increased 
(Study I) or decreased (Study 11) exponentially with time. In both studies, 
induced clonazepam half-lives (3.7-7.7 hr) were significantly shorter ( p  
< 0.0005) than control values (5.2-12.2 hr). Apparent enzyme turnover 
half-lives were shorter in Study I1 (2.7-19.3 hr) than in Study I (6.9-66.4 
hr). A two- to threefold increase in urinary excretion of D-glucaric acid 
during carbamazepine administration provided additional evidence that 
the present interaction was due to enzyme induction. 


Keyphrases Interactions-carbamazepine and clonazepam in mon- 
keys by enzyme induction, pharmacokinetic description Carbamaze- 
pine-interaction with clonazepam by enzyme induction, pharmacoki- 
netic description, monkeys Clonazepam-interaction with carbam- 
azepine by enzyme induction, pharmacokinetic description, monkeys 
0 Enzyme induction-pharmacokinetic description of carbamaze- 
pine-clonazepam interaction, monkeys 0 Pharmacokinetics-description 
of carbamazepine-clonazepam interaction by enzyme induction, monkeys 
a Models-drug interactions by enzyme induction, carbamazepine- 
clonazepam, monkeys 


Many drugs possess enzyme-inducing properties and 
thereby stimulate their own metabolism (autoinduction) 
and/or that of other drugs (heteroinduction). In humans 
and animals, experimental evidence for enzyme induction 
is often associated with decreases in plasma concentrations 
of the induced agent. Recently, a pharmacokinetic theory 


was proposed to describe the kinetics of plasma drug levels 
during auto- and heteroinduction (1). This theory proposes 
that the metabolic clearance of the induced species in- 
creases exponentially during induction. The time course 
of this increase in clearance is governed by the apparent 
turnover half-life of the induced metabolic enzyme($. 


The simplest and most critical experimental validation 
of this theory entails administration of both an inducer and 
an induced agent by constant rate intravenous infusion. 
Preliminary studies with this design were performed in 
monkeys using carbamazepine as the inducer and valproic 
acid and ethosuximide as the induced agents (2,3). Fol- 
lowing addition of carbamazepine, plasma levels of these 
two drugs decreased in an exponential fashion to a lower 
steady state, as expected. 


The present study, in addition to investigating shifts of 
steady-state levels during induction, focused on deter- 
mining control and induced half-lives of clonazepam. 
Furthermore, the hypothesis that removal of an inducer 
causes a return of metabolic clearance from an induced 
state to the basal state was tested by following increases 
in plasma clonazepam levels upon removal of carbamaze- 
pine. 


EXPERIMENTAL 


Animal Preparation-Five healthy male rhesus (Macaca mulatta) 
monkeys, 4.0-5.6 kg, were chair adapted for 1 month prior to surgical 
implantation of catheters at two different sites. The jugular and femoral 
veins were catheterized for drug infusion and blood sampling, respec- 
tively. Each monkey was maintained in a three-level restraining chair 
during individual studies and was given cage rest at appropriate intervals. 
Patency of catheters was assured by a slow, continuous saline infusion 
(1 mlhr) .  The daily diet consisted of fresh fruit (bananas, oranges, and 
apples) and monkey chow. 
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Figure I-Plasma clonazepam levels during Study I in Monkeys 1,3,6, and 7. The durations of clonazepam and carbamazepine administration 
are illustrated at  the top of individual plots. The continuous lines were simulated with parameters obtained from curve fitting of experimental 
data to Eqs. 3,4, and 6. 


Protocol and Analytical Procedures-All intravenous solutions 
were polyethylene glycol 400-water mixtures (6040). Three types of in- 
travenous solutions were prepared: Solution A, clonazepam only (80-130 
g/d); Solution B, both clonazepam and carbamazepine (80-130 pglml 
and 10 mg/ml, respectively); and Solution C, carbamazepine only (10 
mg/ml). 


Two types of studies were conducted. In Study I, clonazepam was in- 
fused in four monkeys (Monkeys 1,3,6, and 7) at  a constant rate for 8-9 
days to achieve and maintain steady-state levels; carbamazepine was 
added to the infusion after 2 days. (Solution A was used for Days 1-2 and 
Solution B for Days 3-9.) In Study 11, carbamazepine was infused in four 
monkeys (Monkeys 3,4,6,  and 7) from Days 1 to 6; clonazepam was in- 
fused from Days 4 to 12. (Solution C was used for Days 1-3, Solution B 
for Days 4-6, and Solution A for Days 7-12.) In both studies, 30-34 blood 
samples (1.2 ml each) were collected. The plasma of these samples was 


Table I-Daily Urinary Excretion of D-Glucaric Acid from 
Monkeys during Carbamazepine-Clonazepam Interaction 
Studies 


Clonazepam 
Control Infusion Induction 
Period, Period", Period b ,  


Monkey midday mdday mdday 


6c 
7 c  
3d 
4d 


30.8 
16.9 
18.1 
18.3 


34.1 
13.3 
16.0 
23.2 


70.7 
23.3 
45.3 
50.5 


7d 9.3 11.7 25.5 


0 Animals during this period received only clonazepam. * Animals during this 
period received both clonazepam and carbamazepine. Study I. Study 11. 


separated and frozen until assay. Four to six 24-hr urine samples also were 
collected during each study. 


Plasma levels of clonazepam were measured by the electron-capture 
CLC method of de Silva and Bekersky (4), and those of carbamazepine 
were measured by the CLC-chemical-ionization mass spectrometric 
method of Trager et al. (5). Urinary excretion of D-glucaric acid was de- 
termined using the spectrophotometric procedure of Ishidate et al. 
(6). 


Data Analysis-Experimental plasma concentration-time data were 
fitted to appropriate pharmacokinetic model equations using the 
BMDX85 nonlinear least-squares program. All data points were assigned 
equal weights. A one-tailed paired t-test was used in all statistical com- 
parisons. 


RESULTS AND DISCUSSION 


Plasma Clonazepam Levels during Studies I and 11-Figure 1 
shows experimental plasma clonazepam levels as a function of time in 
Monkeys 1,3,6,  and 7 during Study I. The entire time course can be di- 
vided into three phases (I-A, I-B, and I-C), as illustrated by the three 
different symbols representing the experimental data points. In Phase 
I-A, plasma clonazepam concentrations increased exponentially and 
steady-state plasma levels (preinduction steady state, CO) were essentially 
achieved within 36-48 hr. In Phase I-B, the addition of carbamazepine 
caused clonazepam levels to decrease to lower steady-state levels (induced 
steady state, C d .  


Lag times (0 = 14.0, 17.5,60.5, and 19.0 hr in Monkeys 1,3,6,  and 7, 
respectively) were observed between the addition of carbamazepine and 
the start of the decrease of clonazepam levels. Upon termination of both 
clonazepam and carbamazepine infusions, clonazepam levels decayed 
to less than 5% of C, within 24-36 hr (Phase 14). The scatter in exper- 
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Figure 2-Plasma clonazepam levels during Study II in Monkeys 4,3,6,  and 7. The carbamazepine (CBZ) and clonatepam administrations are 
illustrated at the top of individual plots, Zero time is defined as the time when clonazepam infusion was started. Three to four days prior to zero 
time, animals were started on the carbamazepine infusion (indicated by a n  arrow starting prior to zero time in the carbamazepine bar). The con- 
tinuous lines were simulated with parameters obtained from curve fitting of experimental data to Eqs. 7-9. 


imental data points during both steady states (CO and C,) was probably 
due to diurnal oscillations (7). 


Figure 2 shows experimental clonazepam levels as a function of time 
in Monkeys 4,3,6, and 7 during Study 11. The time course of this study 
can also be divided into three phases. As noted earlier, animals were 
pretreated with an infusion of carbamazepine (for 3-4 days) prior to 
initiation of clonazepam administration (at t = 0). Carbamazepine ad- 
ministration was continued during clonazepam infusion for 33.5,72.0, 
31.0, and 31.0 hr in Monkeys 4,3,6, and 7, respectively. 


In Phase 11-A, plasma clonazepam levels increased exponentially and 
reached an induced steady state, C,,  within 24 hr in all monkeys. Upon 
removal of carbamazepine and after variable lag times (0’ = 81.0,34.0, 
47.0, and 37.0 hr in Monkeys 4 ,3 ,6 ,  and 7, respectively), clonazepam 
levels increased to a higher postinduction steady state, Cb (Phase 11-B). 
Clonazepam infusion was terminated (at 215.5, 193.0, 144.5, and 168.0 
hr in Monkeys 4,3,6, and 7, respectively), and experimental plasma levels 
declined to less than 5% of Cb within 48 hr (Phase 11-C). 


Urinary Excretion of D-Glucaric Acid-Control urinary excretion 
of D-glucaric acid in four monkeys (Monkeys 3,4,6, and 7) ranged from 
9.3 to 30.8 mg/day with a mean (&%I) of 20.1 i 7.5 mgfday (Table I). 
Values obtained during intravenous infusion of clonazepam alone were 
not significantly different, ranging from 11.7 to 34.1 mg/day with a mean 
(iSD) of 21.5 i 9.5 mg/day. However, urinary excretion of D-glucaric 
acid increased two- to threefold when carbamazepine was added to the 
infusion (p < 0.005). The values obtained during this induction period 
ranged from 23.,3 to 70.7 mg/day with a mean (&SD) of 47.7 i 19.1 
mg/day . 


Plasma Levels of Carbamazepine-Since most plasma samples were 
needed for the determination of clonazepam levels, it wae not possible 
to document the entire time course of carbamazepine autoinduction 


(8-16) during the present interaction study. However, occasional plasma 
samples assayed for carbamazepine concentrations showed that the 
preinduction steady-state levels (1.22-2.84 pglml) were significantly 
higher (p > 0.0005) than the induced steady-state levels (0.79-1.97 
rg/ml). 


Pharmacokinetic Modeling-In the analysis of experimental data, 
the induction theory recently developed by Levy et al. (1) was applied. 
This theory describes body levels of an induced agent during induction 
and postinduction in terms of changes in total body clearance. The time 
course of these changes is governed by an induction rate constant, KI or 
K;.  In single-enzyme induction: KI  and K, represent the degradation rate 
constants of the induced enzyme in the presence and absence of the in- 
ducing agent, respectively. In multienzyme induction, KI or K ;  becomes 
a hybrid of the degradation rate constant of all induced enzymes. Upon 
induction, total body clearance, Q(T), of the induced agent increases 
exponentially from Q to Q’ according to (W: 


Q(T) = Q - (8’ - Q) exp (-Kit) (Eq. 1) 


Conversely, in the postinduction period, Q(T) decreases from Q to Q as 
given by (1): 


Q(T) = Q - (Q - 8’) exp ( -K i t )  (Eq. 2) 


The distinction between KI and K ;  allows for the possibility that the 
inducer may cause induction not only by increasing the enzyme synth,es‘s 
rate but also by decreasing the degradation rate constant from KI to 
K I .  


1 A derivation of this equation will be published and is available upon request. 
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Changes in plasma clonazepam levels during Studies I and I1 can be 
described in terms of the pharmacokinetic model shown in Scheme I: 


Scheme I-Model I 


where V is a single-compartment volume of distribution for clonazepam, 
R is the zero-order infusion rate, and Q(7‘) is as defined in Eq. 1 (Study 
I) or Eq. 2 (Study 11). 


During Phase I-A, clonazepam levels at any time, t ,  simply follow the 
one-compartment infusion equation with constant clearance, Q: 


(Eq. 3) 


During Phase I-B, the decrease in clonazepam levels is given by the 
following previously reported (1) equation2: 


where ~1 is the time from commencement of Study I to the decrease in 
clonazepam “steady-state” levels (inclusive of lag time O ) ,  QC-‘1 is given 
in Eq. 1 where t is replaced by t - TI, and other terms are as previously 
defined. If induction commences after plasma clonazepam levels have 
achieved CO, the last term in Eq. 4 approaches zero and Eq. 4 can be ap- 
proximated by its first term: 


(Eq. 5) 


During Phase I-C, the decrease in clonazepam levels from C, is simply 
described by: 


R c = - e - Q ( t - ‘ 2 ) / V  
8‘ (Eq. 6) 


where +2 is the time at  which clonazepam infusion is stopped. 


11-C can be described by the following three equations, respectively: 
Conversely, plasma clonazepam levels during Phases 11-A, 11-B, and 


(Eq. 7) 


R R  C=- + - exp - ( t  - ~ 3 )  
Q t - 1 3  Q‘ 


(Eq. 9) 


where r3 is the time from the start of clonazepam infusion to the increase 
in clonazepam steady-state levels inclusive of the lag time 8’, QC-‘3 is as 
given in Eq. 2 where t is replaced by t - ~ 3 ,  and T4 is the time at  which 
clonazepam infusion is stopped. A simple and accurate approximation 


R 
Q 


c = - e - B ( f - r d / V  


of Eq. 8 (analogous to Eq. 5) is: 


C=- R T 3  L 5V In 2/Q’ 
Qt-73 (Eq. 10) 


A computer subroutine was developed for use in conjunction with the 
BMDX85 nonlinear least-squares regression analysis program to de- 
termine the four pharmacokinetic parameters (Q. Q’, KI or K;, and V) 
of Model I. This subroutine yields a single set of best values for the four 
parameters by fitting experimental data points from the three phases 
of each study simultaneously to appropriate model equations. This 
subroutine was tested using generated data without and with 5-1096 
random error. 


Curve fitting of generated data without error yielded the input values. 
For data with 5 and 10% random error, the program yielded values for 
Q, Q’, and V that deviated from input values by 64%. However, the 
values obtained for KI (or K;) deviaFd more, by as much as 20-25% in 
a few cases. This behavior of KI (or K,) can be attributed in part to the 
fact that its value is determined only from data in Phase I-B (or Phase 
11-B) of the interaction study. Also, the value of KI (or K;) can be easily 
affected by slight changes in the value of Q’ (or Q). 


Analysis of Experimental Data-The approach used in the present 
study was to fit experimental data from Studies I and I1 to Eqs. 3,4, and 
6 and Eqs. 7-9, respectively (Method A) as well as to Eqs. 3,5, and 6 and 
Eqs. 7,10, and 9, respectively (Method B). The continuous lines in Figs. 
1 and 2 represent the results of curve fitting with Method A. A measure 
of the fit of experimental data to model equations can be given by the 
correlation coefficient. The mean correlation coefficient ( h S D )  for 
Method A was 0.938 f 0.030 (Table 11); for Method B, it was 0.900 f 
0.1 16. Thus, the induction theory proposed by Levy et al. (1) adequately 
describes the present interaction between clonazepam and carbamaze- 
pine. 


A comparison of Methods A and B in terms of the four parameters (Q, 
Q’, KI or K;, and V) shows negligible differences, indicating that Eqs. 
5 and 10 are accurate approximations of Eqs. 4 and 8 under the present 
experimental conditions. A summary of pharmacokinetic parameters 
determined with Method A, along with values for 8 and 8’ (obtained di- 
rectly from clonazepam level uersu time plots), are given in Table 11. For 
ease of interpretation, control and induced elimination half-lives of clo- 
nazepam are listed. Similarly, apparent turnover half-lives of induced 
enzyme(s) [ratio between In 2 and KI (or Ki)] are shown in place of in- 
duction rate constants. 


In Study I, the mean value (&SD) for the control (preinduction) 
half-life of clonazepam was 9.0 f 2.4 hr; for the volume of distribution, 
it was 8.2 f 2.1 liters/kg. These parameters were comparable but slightly 
larger than those reported previously (7). The mean induced half-life of 
clonazepam ( M D )  was shorter (4.9 & 1.1 hr) than the control value. 
Statistical comparison showed that the difference was significant ( p  5 
0.005). Apparent turnover half-lives of the induced enzyme(s) were 6.9, 
27.2,66.4, and 11.4 hr for Monkeys 1,3,6, and 7, respectively. The extent 
of induction, f i ,  as measured by the fractional decrease in CO was calcu- 
lated using: 


(Eq. 11) 
co - c, fi E - 


co 
Values for fi ranged from 0.32 to 0.54. 


Table 11-Pharmacokinetic Parameters Determined from Clonazepam-Carbamazepine Interaction Studies in Monkeys 
Apparent 
Turnover 


Control Half- Induced Half- Half-Life Correlation 
Volume of Life of Life of of Induced Lag Coefficient 


Distribution, Clonazepam, Clonazepam, Enzyme(s), Extent of Time, from Curve 
Monkey litersbg hr hr hr Induction hr Fitting 


Study I 
l a  8.5 ( 1 2 ~  7.0c (14) 4.7 (11) 6.9 (53) 0.23 14.0d 0.924 


10.8 (13) 10.5c (17) 4.6 (13) 27.2 (29) 0.54 17.5d 0.993 
0.936 


3 


0.953 
6 


0.3 1 81.0f 0.964 
0.25 34.0f 0.923 


4 9.6 (14) a.4e (15) 5.0 ( 1 2 e  18.2 (25) 


l 7.9 (10) 7.3e (12) 4.8 (9) 2.7 (35) 0.34 37.01 0.905 
6 


7.7 (12) 6.2c (13) 4.0 (1 1) 66.4 (36) 0.37 60.5d 
7 5.8 (12) 12.2c (17) 6.6 (12) 11.4 (38) 0.45 19.0d 


3 11.2 (9) 10.2e (11) 7.7 (8) 5.7 (54) 


Stud I1 


8.1 (10) 5.2e (10) 3.7 (8) 19.3 (33) 0.28 47.01 0.909 


a Replaced by Monkey 4 in Study 11. b Numbers in parentheses are the standard deviations in percent. Preinduction half-life. Value for 8.  Postinduction half-life. 
f Value for 1. 
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For Study 11, the mean value (kSD) for the control (postinduction) 
half-life of clonazepam was 7.8 f 2.1 hr; for the volume of distribution, 
it was 9.2 f 1.5 liters/kg. These two parameters were in agreement with 
those found in Study I and comparable to those reported earlier (7). The 
mean induced half-life of clonazepam was 5.2 i 1.7 hr. This parameter 
was significantly shorter (p 5 0.005) than the control value. The extent 
of induction, f i ,  was of the same order of magnitude as that  of Study I. 
Values for f i  ranged from 0.25 to 0.41. 


Apparent turnover half-lives of induced enzymes in Study I1 ranged 
from only 2.7 to 19.3 hr as compared to 6.9-66.4 hr in Study I. There was 
also a difference in lag time values between Studies I and 11. Values for 
8‘ (Study 11) were longer than corresponding 8 values (Study I). These 
differences (in apparent turnover half-lives of induced enzymes and lag 
times) will be discussed further. 


Mechanistic Considerations-The observed reduction in plasma 
clonazepam levels and half-lives was attributed to enzyme induction with 
carbamazepine as the inducing agent. The two- to threefold increase in 
urinary D-glucaric acid excretion supports this contention. Several major 
anticonvulsants (phenytoin and phenobarbital) that are potent enzyme 
inducers increase urinary excretion of D-glucaric acid in humans (17,181. 
Although the exact mechanism whereby both the drug-metabolizing 
system and the glucuronic acid pathway are stimulated remains unknown, 
urinary excretion of D-ghcaric acid is commonly used as an index of in- 
duction (19,20). 


The long lag times (both 8 and 8‘) are also consistent with an interaction 
due to enzyme induction. Recent investigations of the molecular mech- 
anism of enzyme induction have accumulated sufficient information to 
allow a detailed description of events leading to enzyme induction 
(21-23). The facts that the effect of carbamazepine (reduction in plasma 
clonazepam levels) was not elicited until 14.0-60.5 hr after its addition 
to the infusion and that its effect did not dissipate until 34.M1.0 hr after 
withdrawal fit within the time frame of the sequence of molecular events 
leading to increased protein synthesis. 


The observed decreases in plasma clonazepam levels during carbam- 
azepine induction are also compatihle with a number of reports indicating 
that carbamazepine is able to induce the metabolism of a variety of drugs 
(2, 3, 24,25). In rats, repeated oral doses of carbamazepine enhanced 
cytochrome P-450 and NADPH cytochrome C-reductase activity (26). 


Two alternative explanations for the present interaction between 
clonazepam and carbamazepine were considered: (a) displacement of 
clonazepam from its plasma protein binding sites by carbamazepine with 
a resulting modification of the pharmacokinetics of the former, and (b) 
enzyme activation by carbamazepine with enhanced activity in the me- 
tabolism of clonazepam. A recent study (27) on the pharmacokinetics of 
tolbutamide displacement by sulfadimethoxine from protein binding sites 
in sheep showed that the lag time for sulfadimethoxine to cause a change 
in plasma tolbutamide concentration was essentially nil. The long lag 
times (8 and 8’) observed in the present study exclude an interaction due 
to competitive binding. Furthermore, in vitro equilibrium dialysis ex- 
periments showed that carbamazepine did not displace clonazepam from 
its protein binding sites (28). T o  date, the literature contains little or no 
information on the pharmacokinetic implications of enzyme activation. 
However, it is unlikely that carbamazepine continues enzyme activation 
27.0-74.0 hr2 after elimination (Study 11). 


In the present study, values of KI obtained in Study I were three to five 
times less than values of K ;  determined in Study I1 for the three monkeys 
(Monkeys 3,6, and 7) in which both interaction studies were conducted. 
Therefore, enzyme turnover during Study I was apparently three to five 
times slower than during Study 11. Such behavior was most unusual and 
warranted further explanation. 


In studies of mechanism of induction (29) designed to distinguish be- 
tween increased enzyme synthesis and decreased enzyme breakdown3, 
the half-life of the initial shift from the basal to induced enzyme level is 
the degradation half-life of the enzyme in the presence of the inducer. 
The half-life of return to the basal enzyme level after the inducer is 
withdrawn is the degradation half-life of the enzyme in the absence of 
the inducer. 


Such an approach was used to analyze the mechanism whereby con- 
tinuous administration of phenobarbital to rats increased the amount 
of liver microsomal barbiturate-oxidizing enzyme (30). The  half-life of 
the upward shift in enzyme level was 2.2 days, and that of the downward 
shift was 2.6 days. Thus, enzyme turnover was essentially unaffected by 
phenobarbital, and the main cause of the increase in enzyme level was 


* Obtained by subtracting five to seven elimination half-lives of carbamazepine 
(16) from 0’. 


Assuming that enzyme activation has been ruled out. 


an increase in its synthesis rate. If similar reasoning is applied to the data 
of Studies I and 11, it is suggested that carbamazepine and/or i t s  me- 
tabolites acted by causing an increased enzyme synthesis rate as well as 
by stabilizing some enzymes4. 


Therapeutic Implications-Clonazepam is a new anticonvulsant and, 
therefore, is often added to therapeutic regimens of other anticonvulsants. 
Thus, a thorough understanding of potential interactions between clo- 
nazepam and these agents is essential. Knop et  al. (31) reported that the 
clearances of clonazepam in four epileptic patients also receiving other 
antiepileptic drugs (phenytoin, phenobarbital, carbamazepine, etc.) were 
considerably larger than the values in healthy subjects. Another report 
documented the interaction between clonazepam and phenytoin (32). 
More recently, Bekersky et al. (33) found that phenobarbital increased 
the total plasma clearance of clonazepam by 102% in dogs. 


The results of the present studies prompted an investigation of the 
interaction between carbamazepine and clonazepam in normal volun- 
teers. I t  was found that steady-state clonazepam levels decreased by 
19-37% in seven subjects following addition of a daily dose of carbam- 
azepine (28). 
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Abstract 0 A newly developed reversed-phase high-performance liquid 
chromatographic assay and test method for determining content uni- 
formity are described for fludrocortisone acetate. The method is stability 
indicating and separates most known degradation products and im- 
purities. In addition, the method is simple, sensitive, accurate, and rel- 
atively free of interferences. The coefficient of variation for multiple 
weight assays is between 0.3 and 1.8%. 


Keyphrases 0 Fludrocortisone acetate-and solid dosage forms, 
high-performance liquid chromatographic analysis High-performance 
liquid chromatography-analysis, fludrocortisone acetate and solid 
dosage forms Steroids-fludrocortisone acetate and solid dosage forms, 
high-performance liquid chromatographic analysis 


Fludrocortisone acetate (9-fluoro- 11(3,17,21- trihy- 
droxypregn-4-ene-3,2O-dione 21-acetate) (I) is a powerful 
synthetic adrenocortical steroid. As an unsaturated 3-keto 
steroid, it may be analyzed by the isoniazid method (1) or 
with 4-aminoantipyridine hydrochloride reagent (2). The 
latter is used in the USP procedure for content uniformity. 
As a 17a-ketol steroid, fludrocortisone acetate is analyzed 
by the blue tetrazolium method (l), the official USP assay. 
A colorimetric assay in fermentation broths (3) and an 
automated colorimetric method for assaying single tablets 
of fludrocortisone acetate (4) also were reported. 


Since none of these methods is selective for fludrocor- 
tisone acetate, it was the purpose of this study to develop 
a specific, stability-indicating, high-performance liquid 
chromatographic (HPLC) assay that would circumvent 
any excipient interferences. The HPLC method described 
here is capable of separating fludrocortisone acetate from 
its known degradation products and possible impurities. 
Norethindrone was used as an internal standard. The 
HPLC data were in excellent agreement with results ob- 
tained by the isoniazid assay. The method is simple, se- 
lective, and highly reliable. 


EXPERIMENTAL 


Reagents and Materials-Fludrocortisone acetate and norethindrone 
USP reference standards and acetonitrile’ (UV grade and distilled in 


glass) were used. The mobile phase was 42 f 2% acetonitrile in water. 
The internal standard solution was prepared by dissolving norethin- 


drone in acetonitrile to concentrations of 65 pg/ml for assay and 10 pg/ml 
for content uniformity analysis. 


Standard Solutions and Calibration Curves-Fludrocortisone 
acetate solutions were prepared to contain 50,70,100, and 120 pg of flu- 
drocortisone ace t a t eh l  for assay and 15,20 and 25 pg/ml for content 
uniformity analysis. 


Sample Preparation-Assay-A portion of ground tablets equivalent 
to 2.5 mg of fludrocortisone acetate was transferred to a 50-ml low actinic 
centrifuge tube, and 5 ml of distilled water was added by pipet. After the 
suspension was mixed2 for 1 min, 20 ml of internal standard solution was 
added, and the resulting mixture was transferred t o a  mechanical shaker 
for 40 min. The tablet extract was then centrifuged, and the clear liquid 
was injected into the HPLC system. The ratio of the peak heights of 
fludrocortisone acetate to the internal standard was determined, and the 
quantity of fludrocortisone acetate in the sample was calculated using 
the assay calibration curve. 


Content Uniformity Analysis-One tablet (containing 0.1 mg of flu- 
drocortisone acetate) was transferred to a 10-ml low actinic centrifuge 
tube, and 1 ml of distilled water was added. A vortex mixer2 was used to 
effect complete disintegration, and then 4 ml of the internal standard 
solution was added. The mixture was then treated as in the assay. 


Apparatus and  Operating Conditions-The liquid chromatograph 
consisted of a reciprocating pump3, a 20-ml loop injector4, and a UV de- 
tector? equipped with a 254-nm filter. The analytical column was 30-cm 
X 4-mm i.d. stainless steel, packed with porous siliceous microbeads to 
which a stationary phase of octadecyltrichlorosilane was chemically 
bondedi. A flow rate of 1.8-2.0 m l h i n ,  maintained a t  about 800-1000 
psi, was used at ambient temperature. The output of the detector was 
displayed on a recorder having a full-scale range of 10 mv6. 


System Suitability Test-The standard preparation, 100 pglml, was 
chromatographed five or six times, and the peak response was measured 
as the ratio of resulting peak heights of fludrocortisone acetate to the 
internal standard. The relative standard deviation was less than 2%. The 
resolution factor between fludrocortisone acetate and the internal 
standard was more than three. For a particular column, resolution may 
be increased by decreasing the amount of acetonitrile in the mobile 
phase. 


Placebo Analysis-A placebo of the sample commercial tablets used 
in this study was prepared and extracted in parallel with the sample. The 
placebo chromatogram was checked for interfering peaks near fludro- 
cortisone acetate or norethindrone. 


Recovery Studies-The efficiency of the recovery was checked by 


2 Vortex-Genie mixer, Scientific Industries, Springfield, Mass. 
3 pBondapak-Cis, Waters Associates, Milford, Mass. 
4 Chromatron~x HPSV-20, Spectra-Physics! Santa Clara, Calif. 
5 Model 410. Pharmacia Fine Chemicals, Piscataway, N.J. 1 Burdick & Jackson Laboratories, Muskegon, Mich. 
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tures above the T,. Thermograms of these systems showed an exotherm 
followed by an endotherm, indicating crystallization followed by 
melting. 


Citric acid and phenobarbital seem to form glass solutions rather than 
dispersions as in the case of citric acid and benzoic acid. Visual exami- 
nation of the melts of citric acid and phenobarbital mixtures in a capillary 
tube, under a hot-stage microscopell, and during bulk preparation 
showed them to be a single homogeneous phase. 


The in situ procedure is useful for screening potential glass-forming 
materials and glass-forming drug-carrier combinations. Physical mixture 
and solidified melt thermogams and the Tg data indicate whether a 
drug-carrier mixture will form a glass solution or suspension and what 
optimum drug-carrier combination can be obtained. In systems that 
exhibit mechanical and/or thermal instability or that have a Tg below 
or only sliihtly above room temperature, the material would not be rigid 
enough to withstand normal handling operations and could be eliminated 
from further investigation. 


Of particular interest would be the preparation of glass systems con- 
taining large quantities of drugs. For example, it might be possible to 
stabilize the glassy state of a glass-forming drug by mixing it with a small 
amount of a compatible inert glassy carrier. This procedure would permit 
the use of less carrier, thereby reducing bulk volume, and aid in the for- 
mulation of glass dispersion systems into solid dosage forms. 
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Abstract 0 The assay of suppositories containing pentobarbital and/or 
pyrilamine in a water-soluble polyethylene glycol base by high-pressure 
liquid chromatography is described. No extraction is required. The 
suppository is dissolved in the mobile phase. This solution is diluted with 
an internal standard stock solution containing phenobarbital. Chroma- 
tographic conditions include a Cle bonded microporous silica column and 
a mobile phase of 65% 4 X low3 M n-butyl sodium sulfonate in 1% acetic 
acid and 35% acetonitrile. The procedure using commercial products gave 
results comparable to those obtained by GLC. 


Keyphrases Pentobarbital-pyrilamine suppositories-analysis, 
paired-ion reversed-phase high-pressure liquid chromatography, com- 
pared to GLC Suppositories, pentobarbital-pyrilamine-analysis, 
paired-ion reversed-phase high-pressure liquid chromatography, com- 
pared to GLC 0 High-pressure liquid chromatography-analysis, pen- 
tobarbital-pyrilamine suppositories, compared to GIX 


A pharmacokinetic study involving suppositories con- 
taining pentobarbital and/or pyrilamine maleate required 
in-house manufacturing. This need led to the development 


of an assay for accurately determining the drug content 
and uniformity in each lot of suppositories. The rapid 
high-pressure liquid chromatographic (HPLC) procedure 
was verified by GLC using commercial products. 


Several GLC assays for barbiturates (1-3) and antihis- 
tamines (4-7) have been published. In each, appropriate 
extraction procedures must be carried out to separate the 
acidic barbiturate from the basic antihistamine. Because 
the suppositories were made using a water-soluble poly- 
ethylene glycol base, reversed-phase HPLC seemed to be 
the logical approach. 


EXPERIMENTAL 


Reagents and Chemicals-Authentic samples of pentobarbital so- 
dium’, pyrilamine maleatel, phenobarbital2, propylparaben’, and 


1 City Chemical. * Mallinckrodt. 
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Figure I-HPLC chromatofiram ((M.5 aufs). Key: a, internal standard 
(phenobarbital); b, pentobarbital (3.5 mg/ml); and c,  pyilamine (0.972 
rnglrnl). 


chlorpheniramine maleate" were used. Reagent grade solvents were used 
as received. n-Butyl sodium sulfonate4 was used as the anion that paired 
with pyrilamine. Commercial suppositories containing pentobarbital and 
pyrilamine maleate were purchased from local pharmacies. 


HPLC Conditions-The mobile phase consisted of two parts. Solution 
A consisted of 1% (v/v) acetic acid and 4 X M n-butyl sodium sul- 
t'onate (640 mghter).  Solution B was acetonitrile. Each solution was 
degassed by stirring under a vacuum. They were then mixed in the ratio 
of 65A::15B by a solvent-flow programmer5. 


A liquid chromatograph was equipped with two constant-flow pumps6, 
an on-stream injector7, a variable-wavelength spectrophotometers, a 
254-nm dual-pen recordery, and a 25-cm column packed with 10-pm 
porous silica chemically bonded with octadecylsilane'O. The flow rate was 
2.0 mlimin. Phenobarbital was the internal standard. An injection volume 
of 10 pl was used for all assays. 


Each product was analyzed three times, and each analysis was done 
in triplicate. The spectrophotometer was set at  254 nm. 


GLC Conditions-A gas chromatograph was equipped with a 
Ilame-ionization detector" and a 180-cm. 2-mm i.d., 6-mm o.d. U-shaped 
column packed with 3% phenylmethyl silicone on a silane-treated 
100-120-mesh support12. The oven temperatures were 175 and 220' for 
pentobarbital and pyrilamine, respectively. For both drugs, the settings 
were: tlash heater, 280'; detector, 910'; nitrogen carrier gas, 35 ml/min; 
hydrogen, 60 m l h i n ;  and air, 400 nil/min. 


Amend I h u g  and Chemical Co, 
4 Eastman Kodak ('11. 


Waters Associates model 660. 
fi Waters Associates model A I L  201/'0? with M-6000 pumps ' Waters Associates model U-6K. 


Varran Technicon model 635 LC. 


Waters Associates pHontlapak CIS.  


Commercially coated O V ~ l 7  on Gas Chrom Q .  Applied Science 1,aborato- 


Y Sdtec.  


1' Hewlect-Packard model 40'28. 


ries. 


A 5-pl injection volume was used for all assays. All injections were made 
in triplicate. Each product was analyzed three times. 


HPLC Stock Solutions-Phenobarbital Internal Standard Solu- 
tion-Phenobarbital (2.200 g) was dissolved in 500 ml of warmed mobile 
phase. The solute remained in solution a t  room temperature. 


Pyrilarnine Stock Solution-Pyrilamine maleate, 205 mg, was dis- 
solved in 100 ml of the mobile phase. 


Pentobarbital Stock Solution-Pentobarbital sodium was dissolved 
in distilled water, acidified with 10'5 (v/v) HCI, extracted two or three 
times with chloroform, evaporated to dryness, and recrystallized from 
hot water. Then 0.700 g was dissolved in 100 ml of mobile phase. 


GLC Stock Solution-Propylpmaben, 400 mg, and chlorpheniramine 
maleate, 160 mg, were dissolved in 40 ml of ethanol and brought to 100 
ml with distilled water. This stock solution was diluted 1:lO with distilled 
water. 


GLC Standard Solutions-A separate standard solution was pre- 
pared for each suppository strength by dissolving the appropriate amount 
o f  each drug in -10 ml of ethanol and bringing to 50 ml with distilled 
water. Each standard solution contained both pentobarbital and pyr- 
ilamine maleate in amounts equivalent to labeled amounts. 


HPLC Procedure-Standard Curue-The stock solutions for each 
drug were diluted in the following manner. Solution 1 was prepared by 
diluting each stock solution 1:l with the internal standard solution to 
yield a 1:2 dilution. For Solution 2, each stock solution was diluted 1:l 
with mobile phase and then this new solution was diluted 1:l with the 
internal standard to yield a 1:4 dilution. Solution 3 was made by diluting 
each stock solution 1:4 with mobile phase and then diluting this solution 
1:l with the internal standard, yielding a 1:8 dilution. 


Each of the three standard solutions was prepared in triplicate, and 
10 pl of each solution was injected on the column. 


Suppositories-Commercially available suppositories containing 50 
mg o f  pyrilamine maleate and 100 mg of pentobarbital were dissolved 
by shaking a suppository and about 30 ml of mobile phase in a 50-1111 
volumetric flask for 30 min. The suppositories containing lesser amounts 
of pentobarbital were dissolved by shaking a suppository and about 15 
ml of mobile phase in a 25-1111 volumetric flask for 30 min. Both solutions 
were brought to volume with additional mobile phase. Each resulting 
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Table I-GLC and HPLC Analyses of Commercial Samples 


Suppository Label, mg Found by GLC", mg Found by HPLC", mg CVb, % 


Pentobarbital 30 29.21 (28.28-30.28) 28.96 (27.66-30.75) 3.04 
Pyrilamine 25 24.05 (23.01-25.04) 24.10 (23.12-24.96) 2.25 


Pyrilamine 50 48.32 (47.44-49.44) 48.38 (47.24-49.69) 1.65 
Pentobarbital 100 99.47 (97.80-101.26) 96.22 (94.43-98.35) 1.64 
Pyrilamine 50 47.20 (46.09-48.06) 47.48 (46.41-48.70) 1.73 
0 Average of nine injections (range). 


Pentobarbital 45 43.79 (42.56-43.35) 44.21 (42.99-45.24) 1.81 


Percent coefficient of variation = (SD/mean) X 100. 


suppository stock solution was diluted 1:l with internal standard stock 
solution and injected. 


GLC Procedure-A suppository was placed in a 50-ml volumetric 
flask and dissolved in distilled water by shaking. The assay preparation 
for pentobarbital consisted of 2.0 ml of the suppository solution and 2.0 
ml of the internal standard solution, both of which were placed in a 10-ml 
screw-capped vial. The pentoharbital and its propylparaben internal 
standard were extracted by adding I drops of concentrated hydrochloric 
acid and 2 ml of ether and shaking for 5 min. After the layers separated, 
5 p1 of the ether layer was injected. 


The assay preparation for pyrilarnine was prepared by placing a fresh 
2.0-1111 aliquot of the solution containing the suppository and 2.0 ml of 
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Figure 3-GLC chromatogram (2 5 X amps fu l l  scale). Key: a ,  
internal standard (chlorpheniramine maleate); and b, pyrilamine 
maleate. 


the internal standard solution intoa €0-ml screw-capped vial. A drop of 
phenolphthalein test solution was added, and the solution was made basic 
by the dropwise addition of 10 N NaOH. Ether, 2 ml, was added, and the 
mixture was shaken for 5 min. After the layers separated, 5 pl of the ether 
layer was injected. 


These extraction procedures were repeated using 2.0-ml quantities of 
the stock solution corresponding to the labeled content of the suppository 
to be analyzed. 


HPLC Calculations-A standard curve was constructed for each 
drug. 


GLC Calculations-The following formula was used: 


mg of drughppository = (0.05C) (S) - (9 - (Eq. 1 )  


where C = concentration (micrograms per milliliter) of drug in the 
standard preparation, A = peak height of the internal standard in the 
standard preparation, R = peak height of the drug in the standard 
preparation, a = peak height of the internal standard in the assay prep- 
aration, and b = peak height of the drug in the assay preparation. 


RESULTS AND DISCUSSION 


The objective of this study was to develop a rapid procedure for the 
quantitative analysis of suppositories containing pentobarbital and/or 
pyrilamine maleate. The described HPLC procedure eliminates the ex- 
traction steps required for GLC. The water-soluble suppository base and 
dyes are eluted from the reversed-phase column with the solvent front 
and, therefore, do not interfere with the assay. In the concentration range 
studied, the standard curves are straight lines: r = 1.000 for both drugs; 
coefficient of variation = 2.76% for pyrilamine maleate and 3.64% for 
pentobarbital. 


Figure 1 shows a typical HPLC tracing, and Figs. 2 and 3 show GLC 
tracings. Table I contains a comparison of GLC and HPLC results. The 
only significant difference is ease of sample handling. With this particular 
type of suppository base, HPLC is superior since no extractions are re- 
quired. 


The use of the paired-ion technique produced the best separation. 
Initially, an acid-buffered mobile phase was tried. Good retention times 
were obtained for phenobarbital, but the protonated pyrilamine was 
eluted with the solvent front. The results were worse with a basic mobile 
phase. The charged barbiturate was eluted with the solvent front and 
pyrilamine, while having an acceptahle retention time, showed consid- 
erahle tailing. This procedure does not appear to affect the column since 
this same column was used for several months after completion of this 
project. 


It is obvious from the chromatogram shown in Fig. 1 that pentoharbital 
has low sensitivity relative to the antihistamine. At the same time, py- 
rilamine has a very good UV-sensitive chromophore. Although a vari- 
able-wavelength detector was utilized, the 254-nm wavelength common 
to most fixed-wavelength detectors was selected to see if the procedure 
could he adapted to most instruments. Nevertheless, a wavelength closer 
to the end absorption of unionized pentobarbital (230 nm and lower) o r  
perhaps a refractive index detector would produce a more esthetically 
satisfying chromatogram (8). An alternative procedure for obtaining a 
more sensitive response from pentobarbital would he to utilize the re- 
cently described postionization technique whereby pH 10 borate buffer 
is added to the column effluent before it enters the detector (9). 
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Abstract 0 Percutaneous nitroglycerin absorption was studied in shaved 
rats by monitoring unchanged plasma drug concentrations for up to 4 
hr. Drug absorption from the neat liquid state or from an alcoholic so- 
lution was considerably poorer than that from a commercial ointment. 
This observation was unanticipated since the driving force for percuta- 
news  drug absorption was assumed to be drug thermodynamics. Po- 
tential artifacts such as drug volatilization from the skin, reduction of 
surface area through droplet formation, and vehicle occlusion were in- 
vestigated, but they did not appear to be responsible for the observed 
results. Two experimental aqueous nitroglycerin gels were prepared with 
polyethylene glycol 400. One gel contained just sufficient polyethylene 
glycol to solubilize the nitroglycerin; the other had excess polyethylene 
glycol to solubilize nitroglycerin far helow saturation. Both gels gave 
extremely low plasma nitroglycerin levels. The composite data suggested 
that percutaneous nitroglycerin ahsorption is highly vehicle dependent 
and that this dependency cannot he explained by simple consideration 
of drug thermodynamic activity. 


Keyphrases 0 Absorption, percutaneous--nitroglycerin, various topical 
dosage forms, rats o Nitroglycerin-percutaneous absorption, various 
topical dosage forms, rats 0 Dosage forms, topical-nitroglycerin, per- 
cutaneous absorption, rats 


Topical nitroglycerin ointments produce sustained and 
clinically beneficial hemodynamic responses in patients 
with various cardiovascular ailments. Application of a 2% 
nitroglycerin preparation on 150-230 cm2 of skin surface 
reduced the frequency and severity of exercise-induced 
angina attacks (1, 2) and decreased heart workload and 
myocardial oxygen consumption (3). 


Systemic availability is the primary goal of topical ni- 
troglycerin application. However, there is little information 
about the physical and physiological factors influencing 
its percutaneous absorption. The relatively large clinical 
nitroglycerin ointment doses and the extensive surface area 
needed for therapeutic effect suggest that  transdermal 
delivery of nitroglycerin, a t  present, is inefficient and that 
attempts to increase percutaneous nitroglycerin absorption 
may be worthwhile. 


The purpose of this investigation was to examine various 
factors that may affect the rate and extent of topical ni- 
troglycerin absorption. In uiuo and in uitro models were 
used to gather data to form a rational basis for improving 
transdermal drug delivery. The relationship between 


thermodynamic activity and in uiuo nitroglycerin ab- 
sorption was examined. 


BACKGROUND 


The skin is one of the most impermeahle tissues of the body. I t  func- 
tions as a harrier against attack by microorganisms, viruses, and many 
toxic chemicals. A t  the same time, it limits the loss of physiologically 
essential components, such as water. The extensive skin harrier properties 
have caused it to be regarded as a poor route for systemic drug adminis- 
tration. Recently, serious attempts have been made to fabricate devices 
for controlled. sustained delivery through the dermal route. A tape ca- 
pable of delivering a constant rateof transdermal scopolamine for up to 
:J days was described (4). 


Several factors influence percutaneous drug ahsorption (5,6) including 
drug permeability through the stratum corneum. the drug’s physical- 
chemical properties, the vehicle in which the drug is incorporated, the 
drug’s ionization state, the skin’s hydration state, the skinS lipid content, 
and regional variations in skin properties. The quantitative relationship 
between drug transfer and several of  these factors is (7): 


dQldt = KC, .DA/T  (Eq. 1) 


where dQ1dt is the steady-state drug transfer rate across a skin harrier, 
K is the effective skin-vehicle drug partition coefficient, C ,  is the drug 
concentration dissolved in the vehicle, D is the drug diffusivity through 
the harrier, A is the surface area of application of the vehicle, and T is 
the effective barrier thickness. 


The model assumes that the skin represents a simple diffusional harrier 
to drug transfer. When the surface area of application, drug diffusivity 
through the skin, and harrier thickness are constant, the equation ad- 
dresses the role of thermodynamics in determining percutaneous ah- 
sorption rates. Specifically, absorption will he enhanced from vehicles 
with a low affinity for the drug and in which thedrug concentration ap- 
proaches saturated solubility. Therefore, approaches toward optimizing 
drug delivery should maximize the drug’s thermodynamic activity in the 
vehicle, as represented by the product term K C ,  in Eq. 1. The validity 
of the thermodynamic relationship has been confirmed qualitatively (8, 
Y), and Eq. 1 has provided valuahle guidance in thedevelopment of im- 
proved vehicles for topical applicat.ion of new drug entities. 


While the thermodynamic approach does include skin characteris- 
tics-uiz., D and T,  in determining absorption rate, these parameters are 
usually difficult to measure as functions of  vehicle changes. Therefore, 
they are often assumed to be indei)endent of  vehicle effects. This as- 
sumption is not always valid since topical formulations are known to 
affect these parameters (5, 6, 10). Vehicle-induced changes in these 
variables may be of sufficient magnitude to override the contribution of 
the thermodynamic term, KC,. In such cases, thermodynamic consid- 
erations alone, although predictive for in oitro drug release, may not 
explain ahsorption differences in animals or humans. 
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were used: ( a )  chloroform-acetone-ethanol (70:30:3 v/v); ( b )  cyclohex- 
ane-ethyl acetate-methanol-water (100:100:60:8 v/v); and (c) ben- 
zene-acetic acid (955 vh) .  After each development, the plates were dried 
at  1 10' and spots were visualized in iodine vapors. The chromatograms 
corresponded perfectly in color (brown) and R/ values to those obtained 
with the reference compounds. 


Comparison of HPLC, GLC, and UV Methods-The proposed 
HPI,C method was compared to GLC (5) and UV spectrophotometric 
(2) assays. The results (Tables 1-111) show that the proposed method is 
in good agreement with the GLC and UV assays. 


The HPLC procedure described here provides a rapid, sensitive (the 
lower sensitivity limit is about 10 ng on the column), and precise assay 
o f  feprazone in pharmaceutical formulations. 
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Abstract 0 The essential oil of Teucrium poliurn, growing in Saudi 
Arabia, was thoroughly investigated for its constituents by CLC-mass 
spectrometry, TLC, and spectrophotometric methods. This investigation 
revealed the presence of 10 terpenoidal compounds including the hy- 
drocarbons [j-pinene, limonene. tu-phellandrene, and y- and 6-cadinenes 
and the alcohols linalool. terpine-4-01, cedrol, cedrenol, and guaiol. The 
oil was rich in alcohols and devoid of esters. Preliminary pharmacological 
screening showed that the oil possesses powerful antispasmodic ac- 
tivity. 


Keyphrases 0 G1,C-mass spectrometry-analysis, Teucriurn polium 
oil. antispasmodics. folk medicine 0 Teucrium polium-oil, GLC-mass 
spectrometry o Antispasmodics--analysis, 'I'eucriurn poliurn oil, 
GLCmass spectrometry, folk medicine o Folk medicine-antispas- 
modics, Twcriurn poliurn oil, GLC-mass spectrometry 


Teucriicni polium (Family Labiatae) is one of the most 
fragrant plants in Saudi Arabia and is fairly distributed 
throughout the country (I) .  In folk medicine, i t  is used as 
an antispasmodic, antirheumatic, carminative, and fla- 
voring agent. In an admixture with other powdered herbs, 
i t  is claimed to be therapeutic for peptic ulcer. 


The  aroma of this plant is due to its essential oil content 
(2). A literature review revealed that the oil constituents 
had not been investigated thoroughly (4). T h e  present 
work was carried out to investigate the composition of this 
potentially therapeutic plant oil. 


EXPERIMENTAL 


Material-The plant was collected in the spring at the flowering stage 
I'rc~m Sudair (Central Zone), 180 km from Riyad. Its identity a$ 7'. polium 
was confirmed'. I t  was dried and powdered. 


Successive quantities (1 kg each) were subjected to steam distillation, 
which produced a volatile oil (average yield, 1.55 g). 


The physical properties of the oil are presented in Table I. 
TLC-TI,C was done on precoated silica gel thin-layer plates2 devel- 


oped in chloroform-benzene (1:I) and chloroform-benzene (4:l) solvent 


I The plant material was idcntit'ird as Teucriurn pdiurn l inneus (Labiatae) b 
I h .  A. M. Migahid. Department of Rotany, Fartilty of Science, University of Riya l  
fiiyad. Saudi Arabia. A voucher specimen is available in the herharium of Hiyad 
1 Iniversity 


G F  plants, Anarhem. 


Table  I-Comparative Physicochemical Data  


Isolated Sardinian 
Property Oil Oil 


Color Light yellow, Blue 
darkens upon 
standing 


Odor Fragrant, Agreeable, pungent 
characteristic 


Refractive indexo nf4 1.4850 n20 1.475 and 1.488 
Optical rotationb I C Y ] ~  f4.7' (10% in +12.75' 


ethanol) 
Acetyl valueC 117 47.45-47.59 
IRd 1633, 1655, 1700, - 


2900, and 3400 


NMR' 
cm-I 


332, 306, '280, and 
268 Hz; broad 
singlet a t  217 Hz; 
singlet a t  98 Hz; 
doublet a t  7 3  Hz; 
two overlapping 
douhlets centered 
at  58 Hz 


Broad singlets a t  - 


Zeiss Abbe refracwmeter. * Rellingham and Stanley polarirneter. According 
to the HP methtd (5). As film on I'erkin-I.:lmer ,567 grating IH spectr(iphotometer. 
@ I n  deuterochloroforrn on Varion T 60A with tetramethylsilane as the internal 
standard. 


systems (3). After development, the spots were visualized by spraying 
with anisaldehyde reagent ( 3 ) .  


GLC-Mass Spectrometry-Mass spectra of the volatile oil constit- 
uents were obtained using a gas chromatograph-mass spectrometer<. The 
chromatographic column (1.8 m long) was packed with 3% OV-17. The 
column was conditioned isothermally a t  100' for 10 min, and then the 
temperature was programmed a t  5 min until 260'. The injection port 
temperature was I%', the separation temperature was 252". and the ion 
source temperature was 290'. Mass spectra were obtained by operating 
a t  60 MHz and with an ionization energy of 70 ev. 


RESULTS AND DISCUSSION 


The isolated oil was compared with Saridinian T. polium oil (4) (Table 
I). The IR and NMR data revealed free alcohols (3400 cm-'; broad singlet 
a t  217 Hz, disappeared on deuteration), alkene and highly conjugated 


Model 9OOO. LKB-Produkter. Brommo. Sweden. 
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Table 11-Constituents of t he  Oil by GLC-Mass SDectrometrv 
70 t ‘? c 


Retention Molecular 
Compound Time, min Weight M+ 


1 B-Pinene 1.0 136.23 136 
2 Limonene 1.3 136.23 136 
3 a-Phellandrene 1.6 136.23 136 
4 Linalool 2.3 154.24 136 
5 Terpine-4-01 3.9 154.24 154 
6 Xadinene 17.2 204.34 204 


8 8-Cadinene 22.5 204.34 204 
9 Guaiol 22.9 222.36 222 


10 Cedrol 23.4 222.36 222 


7 Fedrenol 20.7 222.36 220 


alkenes I1633 (m)4 and 1655 (m) cm-1; broad peaks a t  332,306,280,268 
Hz], alicyclic structures (singlet a t  98 Hz, doublet at 73 Hz, and triplet 
formed of two overlapping doublets a t  58 Hz), and the absence of esters, 
other carbonyl compounds, and aromatic functions. TLC screening of 
the oil showed both hydrocarbons and alcohols. 


CLC-mass spectrometry studies indicated the presence of several 
compounds (Table I1 and Fig. 1). The major components on the GLC 
trace (Fig. 1) are identified by sequence numbers that correspond to the 
mass spectral sequence numbers. 


The mass spectra so obtained were compared with the authentic 
compounds and demonstrated almost identical fragmentation charac- 
teristics (6). The mass fragmentation pattern of most Components showed 
molecular ion peaks a t  atomic mass units equivalent to their molecular 
weights. The linalool mass fragmentation pattern exhibited an M+ a t  136 
amu instead of a t  154 amu. The M - 18 fragment was attributed to the 
formation of a triene compound from the parent ion by the lose of water 
(7). 


The cedrenol mass spectrum did not show an M+ a t  222 arnu; the M 
- 2 fragment a t  220 amu represented the loss of two hydrogen atoms 
(7). 


From the data obtained, the volatile oil was considered to  be one of the 
alcoholic volatile oils since 50% of the components were alcohols. The 
absence of esters may indicate that the plant is unable to esterify these 
alcohols. 


Preliminary pharmacological screening of the isolated oil showed that 
it possessed potent antispasmodic activity and that it markedly anta- 
gonized the effects of the agonists nicotine, acetylcholine, histamine, and 
serotonin. 


Medium 


0 26 20 16 10 6’ 0 
RETENTION TIME, min 


Figure I-Gas chromatogram of the isolated oil. 


The aqueous extract of the herb had low antispasmodic activity com- 
pared to the oil. The results of this study partially justified the use of this 
plant in folk medicine. 
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Abstract  0 A radiochemical study for antimicrobial activity of chlor- 
merodrin was performed using some commonly occurring nonpathogenic 
and pathogenic microorganisms. Chlormerodrin concentrations of 15-35 
and 20-45 pglml of the culture medium were microbiostatic and micro- 
bicidal, respectively. The microbiostatic effect was reversible in the 
presence of cysteine, an amino acid containing a sulfhydryl group. 


Keyphrases Chlormerodrin-antimicrobial activity evaluated in uitro 
0 Antimicrobial activity-chlormerodrin evaluated in uitro 0 Diuret- 
ics-chlormerodrin, antimicrobial activity evaluated in uitro 


Chlormerodrin, an organomercurial compound, is 
classified as a diuretic and not as an antimicrobial agent 
like phenylmercuric nitrate and thimerosal(1). 


diochemical sensitivity test (3-5) against some commonly 
occurring nonpathogenic and pathogenic microorganisms 
was performed. 


EXPERIMENTAL 


Apparatus-A semiautomatic radioactive detection system' mea- 
sured, in terms of the growth index reading (1 division = 0.25 pCi), 14C02 
released from ''C-glucose metabolized by microorganisms. 


Preparation of Double-Strength Glucose-Free Medium with 
14C-Glucose-The medium consisted of 3.4% Bacto Tryptone', 0.6% 
Bacto Soytone', 1% NaCI, 0.5% K2HP04, and 100 pCi of U-14C-glucose3 
(specific activity of 1.39 &i/mg)/liter. Aliquots of 10 ml of the medium 
were distributed into 50-ml culture vials, and the vials were autoclaved 
a t  1.05 kg/cm' for 20 min. 


Table I-Microbiostatic and Microbicidal Effects of Chlormerodrin 
Test Hours of Growth Index Reading a t  Chlormerodrin Concentration, jiglml of medium MMID, MLD, 


Culture Incubation Nil 10 15 20 25 30 35 d m l  d m l  
~~ ~~ 


E .  coli 24 100 35 15 10 No growth 25 35 


S. typhosa 24 100 38 30 25 25 20 No growth 35 45 


48 100 80 40 50 
72 100 100 100 100 
96 100 100 100 100 


48 100 85 80 80 83 80 
72 100 100 100 100 100 100 
96 100 100 100 100 100 100 


48 100 90 50 15 
72 100 100 100 40 
96 100 100 100 70 


48 100 95 70 55 50 
72 100 100 100 100 100 
96 100 100 100 100 100 


48 100 100 90 70 
72 100 100 100 100 
96 100 100 100 100 


Cl. sporogenes 24 100 35 30 35 25 25 No growth 35 
48 100 100 70 65 70 50 
72 100 100 100 100 100 100 
96 100 100 100 100 100 100 


C. albicans 24 100 40 40 35 20 20 No growth 35 
48 100 100 80 60 45 48 


100 100 
100 100 


72 100 100 100 
96 100 100 100 


48 100 60 
72 100 80 
96 100 100 


S.  aurcus 24 100 40 45 - No growth 25 30 


B. subtilis 24 100 40 40 35 30 No growth 25 


€3. cereus 24 100 35 30 25 No growth 25 


15 
loo 100 


Flauobacterium sp. 24 100 25 No growth 


When sterility testing is performed on solutions con- 
taining organomercurials such as thimerosal and phenyl- 
mercuric salts (0.01 and 0.002%, respectively) as preser- 
vatives, the inoculum is recommended to be diluted at  least 
10-fold with fluid thioglycolate medium (I), even though 
5 ml of this medium can inactivate the mercurial preser- 
vatives in 1 ml of the solution (2). Medium I contains 0.03% 
(v/v) thioglycolic acid to neutralize the organomercu- 
rials. 


This paper reports a study of the degree of antimicrobial 
activity of chlormerodrin using a variety of microorganisms 
and cysteine as a binding agent. To evaluate the micro- 
biostatic and microbicidal doses of chlormerodrin, a ra- 


25 


40 


40 


40 


20 


Sample Preparation-Chlormerodrin4 (125 mg) was dissolved in 250 
ml of freshly distilled water and sterilized by filtration5 (pore size of 0.45 


L-(-)-Cysteine6 (1 g) was dissolved in 50 ml of freshly distilled water 
and sterilized by autoclaving a t  1.05 kg/cm2 for 15 min. 


Preparat ion of Test Cultures-These cultures were standardized 
cell suspensions containing 3 X l o 4  viable cells/ml and were prepared 
from a 24-hr-old culture of Escherichia coli (ATCC 9637), Staphylo- 
coccus aureu.7 (ATCC 9144), Bacillus cereus (C.  1448), Bacillus subtilis 


rm).  


1 Bactec-301, Johnston Laboratories, Cockeysville. Md. 
2 Difco Laboratories, Detroit, Mich. 


Isotope Division, BARC, Bombay, India. 
4 Neohydrin, Lakeside Laboratories, Milwaukee, Wis. 


Millipore Corp., Bedford, Mass. 
6 E. Merck, Darmstadt, West Germany. 
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Table 11-Influence of Cysteine on the Antimicrobial Effect of 
Chlormerodrin 


Vial 
1 2 3 4 5 6  


Volumeofdouble-strength 10 10 10 10 10 10 - 
medium, ml 


cell, ml 


Chlormercdrinsolution, ml 2.4 2.4 1.2 1.2 1.2 1.2 
Test column of E. coli 0.2 0.2 0.1 0.1 0.1 0.1 


Mixed well and allowed to stand at  room temperature for 4 hr 
Cysteine solution, ml 0.0 3.0 0.0 0.5 1.0 3.0 
Sterile water, ml 7.4 4.4 8.7 8.2 7.7 5.7 


Mixed well and incubated at  30-34’ 
Incubation period, hr Growth index reading 


24 Nil Nil Nil Nil Nil 70 
48 Nil Nil Nil Nil 25 90 
72 Nil Nil Nil 10 60 100 
96 Nil Nil Nil 35 100 100 


(ATCC 6633), Clostridium sporogenes (ATCC 19404), Salmonella ty- 
phosa, Candida albicans, and Flavobacterium sp. isolated and identified 
according to a literature method (6). 


Antimicrobial Activity of Chlormerodrin-All operations were 
carried out on a laminar flow bench. Twelve culture vials, each containing 
10 ml of double-strength medium, were arranged in duplicate for each 
test organism. Then 0.4,0.6, 0.8, . . . , 2.2, and 2.4 ml of chlormerodrin 
solution were added to the vials serially marked 2-12. Sterile water was 
added to each vial to a volume of 20 ml so that the concentration of 
14C-glucose was 0.05 fiCi/ml of the culture medium. 


The test cultures, 50 4, were added to each vial, and the vials were 
capped and incubated at 30-34’. The growth index reading was measured 
at  the end of every 24 hr for 4 days. After the last observation, a 0.1-ml 
aliquot from each culture vial (showing no growth index reading) was 
transferred to soybean-casein digest medium (15 ml) and incubated for 
5 days at  30-34’ to confirm the microbiostatic and microbicidal doses 
of chlormerodrin for each test culture (Table I). 


Antimicrobial Activity of Chlormerodrin in Presence of Cys- 
teine-Six culture vials, each containing 10 ml of double-strength me- 
dium, were taken. Chlormerodrin solution was added to the vials as fol- 
lows: 2.4 ml to vials 1 and 2 and 1.2 ml to vials 3-6. Then 0.1-0.2 ml of test 
culture of E. coli was added to each of the six vials (Table 11). The vials 
stood at  room temperature for 4 hr to allow sufficient time for inactivation 
of the microbial cells. 


Vials 1 and 3 were kept aside as controls. To vials 2,4,5, and 6,3.0,0.5, 
1.0, and 3.0 rnl of cysteine solution were added, respectively. The mixture 
was diluted to 20 ml with sterile distilled water and then incubated at  
30-34’. The growth index reading was measured at  the end of every 24 
hr for 4 days (Table 11). 


RESULTS AND DISCUSSION 


Preliminary testa for sterility on aqueous solutions of chlormerodrin 


showed that visible growth did not occur in the control tube containing 
1-2.5 mg of chlormerodrin in 15 ml of fluid thioglycolate and soybean- 
casein digest media (7) with B. subtilis or C. albicans as the challenging 
microorganism, even after 10 days of incubation. Therefore, eight dif- 
ferent microorganisms were tested for their sensitivity to chlormero- 
drin. 


The microbiostatic or minimum metabolic inhibition dose (MMID), 
i.e., the minimum dose at  which there is no growth index reading but 
growth occurs on subculturing, is in the range of 15-30 gg/ml of the cul- 
ture medium. The microbicidal dose or minimum lethal dose (MLD), i.e., 
the minimum dose at  which there is neither a growth index reading nor 
growth on subculturing, is in the range of 20-45 gg/ml (Table I). The 
microbiostatic effect was reversed by the addition of cysteine (0.3% w/v 
final concentration) but not the microbicidal effect (Table 11). This result 
indicates that the microbiostatic and microbicidal effects of chlormero- 
drin, like other organomercurials, may result from its strong binding 
capacity with the sulfhydryl group of microbial enzymes involved in the 
cellular metabolic cycle. 


The chlormerodrin concentration in chlormerodrin Hg 203 injection 
may sometimes be in the range of 1-2.5 mg/ml, which would be 20-125 
times higher than the microbicidal dose. Hence, the chances of survival 
of viable cells are almost negligible in the radiopharmaceutical prepa- 
ration. If 1 ml of such a solution is diluted to 20 ml as described earlier, 
the final concentration of chlormerodrin becomes 50-150 gg/ml, which 
would still be 1-8 times higher than the microbicidal dose. If any surviving 
microorganisms are in a “shock-state,” the chances of their growth would 
be very poor. 


In view of this finding, the sterility test on this radiopharmaceutical 
preparation should be carried out either by dilution of the injection with 
sufficient sterility test medium to bring the final concentration in the 
medium to not more than 10 &g/ml, which is below the range of its mi- 
crobiostatic effect, or by aseptic filtration through a bacteria-retaining 
filter and then performance of the sterility test on the filter. 
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Abstract a A simple and accurate method for measuring acetaminophen 
in serum was developed using liquid chromatography with electro- 
chemical detection. Acetaminophen can be quantitated in 100 pl of serum 
over the range of 20 ng/mlLZO rg/ml. The method is linear ( r  = 0.9997) 
and reproducible (RSD = 3.0% a t  2 pg/ml, RSD = 5.1% a t  200 ng/ml, n 
= 6). An internal standard (N-propionyl-p-aminophenol) is used, and 
a single extraction is performed. 


Keyphrases 0 Acetaminophen-liquid chromatographic analysis in 
serum Liquid chromatography--analysis, acetaminophen in serum 
0 Analgesics-acetaminophen, liquid chromatographic analysis in 
serum 


The determination of free acetaminophen and its me- 
tabolites in biological fluids is a subject of continuing in- 
terest. Therapeutic and overdose levels are easily measured 
by several techniques including spectrophotometry, GLC, 
TLC, and liquid chromatography. Current methods are 
often inadequate, however, for microliter samples from 
newborns and experimental animals. Subtherapeutic 
levels, which are of interest in drug metabolism (phar- 
macokinetic) studies, aIso push most methods to their 
detection limits where data are subject to poor precision 
and specificity. The most sensitive methods are based on 
liquid chromatography with electrochemical detection (11, 
liquid chromatography with UV detection (2-5), or GLC 
(6,7). The detection limit of these methods is roughly 100 
ng/ml with 1 ml of serum. 


Liquid chromatography with electrochemical detection 
has steadily gained acceptance for clinical determinations 
(8). This paper reports improvements in an earlier proce- 
dure (1) that allow accurate quantitation a t  levels lower 
than those previously reported (20 ng/ml) while requiring 
10-fold less serum and little sample preparation. 


EXPERIMENTAL 


Reagents- Acetaminophen' was obtained commercially. Standard 
solutions were prepared in 1 M phosphate buffer (pH 7). The internal 
standard, N-propionyl-p-aminophenol, was synthesized by a standard 
method (9). Methanol' was distilled once prior to use. Tap  water was 
deionized and distilled prior to use. 


Instrumentation-A stainless steel liquid chromatograph' was 
equipped with a 20-pI injection loopand a carhon paste electrochemical 
detector. The working electrode potential was +0.65 v oersus a silver- 
silver chloride reference electrode. The column (15 cm X 4.6 mm) was 
slurry packed with microparticulate reversed-phase packing materi- 


The mobile phase was prepared by mixing 390 ml of water, 34 ml of 1 
M ammonium acetate, 70 ml of methanol, and 9 ml of 1 M acetic acid. 
A flow rate of 1.17 mllmin was used. All data were manually recorded 


a14. 


' Sigma Chemical Co., St. Louis. Mo. 
2 Technical grade. 


LC-50, Bioanalytical Systems, Lafayette, Ind. 
aBondapak. Waters Assmates. Milford, Mass. 


from peak height measurements. Culture tubes were silanized with tri- 
methylchlorosilane by a gas phase technique analogous to that described 
by Fenimore et 01. (10). 


Analysis-Solid sodium chloride (-0.07 g), 100 rl of serum, and 100 
pl of 1.0 M phosphate buffer (pH 7) (saturated with sodium chloride and 
containing 2 mg of N-propionyl-p-aminophenolhiter) were added to a 
silanized 3-ml culture tube. Two milliliters of dichloromethane-2-pro- 
panol-ether (5:1:2) was added, and the tubes were capped and shaken 
for 10 min on a reciprocal shaker. Then the tubes were centrifuged briefly, 
and the organic layer was removed and evaporated a t  40' under dry ni- 
trogen. The residue was reconstituted in 500 pl of mobile phase. Stan- 
dards for calibrating instrumental response were prepared by spiking 
drug-free serum and processing it with each set of samples. 


RESULTS AND DISCUSSION 


A typical chromatogram is shown in Fig. 1C for serum containing 200 
ng of acetaminophen/ml. The detection limits of previously published 
methods were roughly a t  this level. Since one complete chromatogram 
requires 12 min, five samples can be processed per hour. The time re- 
quired per sample can be significantly reduced when only therapeutic 
levels are measured and/or if the internal standard is not used (with some 
sacrifice in precision). 


With the electrochemical detector operating at high sensitivity, a 
chromatogram for drug-free serum could be obtained as illustrated in 
Fig. 1A. The chromatographic conditions were chosen to minimize in- 
terferences so that low levels of acetaminophen could be measured (Fig. 
1B). With the specified chromatographic conditions, no significant en- 
dogenous interferences were found in nine drug-free serum samples 
tested. Ultimately, however, the method became blank limited. The 
minimum detectable concentration of acetaminophen was 3 ng/ml of 
serum. In the absence of the serum matrix, a minimum of 2 pg injected 
in the 20-pl loop could be detected (SIN = -2). Since the method is not 
detector limited, further sample cleanup procedures or more efficient 
Chromatography would undoubtedly improve the detection limits. 


Other drugs were tested as possible interferences, hut none interfered. 
Barbiturates, theophylline, theobromine, salicylamide, caffeine, and 
aspirin were not electrochemically active a t  the electrode potential em- 
ployed. Salicylic acid was poorly extracted and detectable with much less 
sensitivity than acetaminophen a t  the potential employed. Phenacetin 
was more strongly retained than N-propionyl-p -aminophenol and could 
be quantitated by increasing the working electrode potential. 


The organic extractant used (dichloromethane-2-propanol-ether) gave 
slightly cleaner extracts than did ethyl acetate. Ether was also tried, but, 


I 3  I I I I  I 1  I , I ,  L I I 


0 3 6 9 1 2 0  3 6 9 1 2 0  3 6 9 12 
L IF'UTES 


Figure 1-Chromatograms of serum extracts that contained: no acet- 
aminophen (A) ,  20 ng of acdaminophenlml (I?), and 200 ng of acet- 
aminophenlml (C). Key. P. acetaminophen; and IS, internal stan- 
dard. 
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while it gave cleaner extracts, the efficiency of extraction for acetami- 
nophen was significantly lower. Acetaminophen and the internal standard 
partitioned nearly identically to one another. Absolute recovery of 
acetaminophen was 80-90%, and recovery relative to a matrix-free 
standard was 109%. 


Linearity was evaluated by spiking drug-free serum with 10 standard 
solutions over the range of 20 ng/ml-20 rglml. The correlation coefficient 
obtained was 0.9997. Reproducibility was determined by spiking six 
different drug-free serum samples. The relative standard deviation a t  
2 bg/ml was 3.0%; at  200 ng/ml, it was 5.1%. 


Reversed-phase chromatography with electrochemical detection is a 
useful means of quantitating acetaminophen metabolites in blood, urine, 
and liver homogenates. Since all major metabolites are more polar than 
the free drug or oxidize a t  significantly more positive potentials, they do 
not interfere in the present method. 
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Abstract a A rapid method for extraction of dyes from tablet-coating 
formulations is described. The dyes were released from their lakes by 
treatment with concentrated phosphoric acid and dissolved in methanol. 
After being made alkaline with ammonium hydroxide, the mixture was 
centrifuged to obtain a clear supernate for application to the TLC plate. 
With ethyl acetate-methanol-water-concentrated ammonium hydroxide 
(150:40:355) on silica gel, 20 dyes were separated sufficiently to confirm 
their presence in the coating formulation. 


Keyphrases o Dyes, various-TLC determination in tablet-coating 
formulations 0 TLC-determination, various dyes in tablet-coating 
formulations 0 Tablet-coating formulations-TLC determination of 
various dyes 


The widespread use of coloring agents in pharmaceutical 
preparations, combined with stringent and changing reg- 
ulations on their use, makes a simple and rapid method for 
identifying the components of a colorant mixture highly 
desirable. TLC has been used extensively for this purpose, 
and several systems for the separation of dyes were pub- 
lished (1-4). If the dyes are components of a formulation, 
a suitable preparative scheme must be employed before 
the sample is applied to the thin-layer plate. Since tab- 
let-coating formulations are relatively simple', published 
systems for extracting dyes from foods and drugs (5-7) are 
unnecessarily complex. 


The aim of this work was to  develop a combination of 
preparative scheme and TLC system that could be applied 
uniformly to various formulations. 


I Formulations contained one or more lakes, titanium dioxide, and one or more 
of the following: sucrose, povidone. hydroxypropylcellulose, sodium benzoate, al. 
cohol. and water. 


Table I-Summary of Rf Values 


Dye R f  
FD&C Yellow No. 5 
FD&C Green No. 3 
FD&C Red No. 2" (amaranth) 
FD&C Blue No. 1 
D&C Blue No. 4 
FD&C Yellow No. 6 
FD&C Red No. 40 ~ . .. 


FD&C Red No. 33 
FD&C Red No. 4 
FD&C Violet No. l a  
FD&C Red No. 7 
D&C Green No. 5 
FD&C Red No. 3 (erythrosine sodium) 
FD&C Red No. 28 
FD&C Orange No. 4 
D&C Red No. 19 
D&C Yellow No. 10 
D&C Yellow No. 11 
D&C Red No. 36 
D&C Green No. 6 


0.06 
0.07 
0.07 
0.16 
0.17 
0.22 
0.22 
0.23 
0.24 
0.26 
0.27 
0.31 
0.31 
0.33 
0.36 
0.36 
0.37 
0.77 
0.81 
0.85 


Use no longer permitted in the United States. 


EXPERIMENTAL 


Extraction of Dyes-Ten drops (-0.4 ml) of phosphoric acid (85%) 
were placed in a 50-ml centrifuge tube, and an appropriate amount of 
tablet-coating liquid (up to 1 ml), pure dye or lake, wasadded. The con- 
tents of the tube were mixed by swirling intermittently for 5 min. 
Methanol, 10 ml, was added, and the tube was shaken for 1 min. Then 
1 ml of concentrated ammonium hydroxide (2%) was added, and the 
tube again was shaken for 1 min. Solids were removed by centrifuging, 
and 10 $1 of the supernate was applied to the thin-layer plate. 


TLC Plates-Silica gel Gz plates, 20 X 20 cm, 0.25 mm thick, were 


* E. M. Reagents, E. Merck, Darmstadt, West Germany. 
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Abstract 0 A newly developed reversed-phase high-performance liquid 
chromatographic assay and test method for determining content uni- 
formity are described for fludrocortisone acetate. The method is stability 
indicating and separates most known degradation products and im- 
purities. In addition, the method is simple, sensitive, accurate, and rel- 
atively free of interferences. The coefficient of variation for multiple 
weight assays is between 0.3 and 1.8%. 


Keyphrases 0 Fludrocortisone acetate-and solid dosage forms, 
high-performance liquid chromatographic analysis High-performance 
liquid chromatography-analysis, fludrocortisone acetate and solid 
dosage forms Steroids-fludrocortisone acetate and solid dosage forms, 
high-performance liquid chromatographic analysis 


Fludrocortisone acetate (9-fluoro- 11(3,17,21- trihy- 
droxypregn-4-ene-3,2O-dione 21-acetate) (I) is a powerful 
synthetic adrenocortical steroid. As an unsaturated 3-keto 
steroid, it may be analyzed by the isoniazid method (1) or 
with 4-aminoantipyridine hydrochloride reagent (2). The 
latter is used in the USP procedure for content uniformity. 
As a 17a-ketol steroid, fludrocortisone acetate is analyzed 
by the blue tetrazolium method (l), the official USP assay. 
A colorimetric assay in fermentation broths (3) and an 
automated colorimetric method for assaying single tablets 
of fludrocortisone acetate (4) also were reported. 


Since none of these methods is selective for fludrocor- 
tisone acetate, it was the purpose of this study to develop 
a specific, stability-indicating, high-performance liquid 
chromatographic (HPLC) assay that would circumvent 
any excipient interferences. The HPLC method described 
here is capable of separating fludrocortisone acetate from 
its known degradation products and possible impurities. 
Norethindrone was used as an internal standard. The 
HPLC data were in excellent agreement with results ob- 
tained by the isoniazid assay. The method is simple, se- 
lective, and highly reliable. 


EXPERIMENTAL 


Reagents and Materials-Fludrocortisone acetate and norethindrone 
USP reference standards and acetonitrile’ (UV grade and distilled in 


glass) were used. The mobile phase was 42 f 2% acetonitrile in water. 
The internal standard solution was prepared by dissolving norethin- 


drone in acetonitrile to concentrations of 65 pg/ml for assay and 10 pg/ml 
for content uniformity analysis. 


Standard Solutions and Calibration Curves-Fludrocortisone 
acetate solutions were prepared to contain 50,70,100, and 120 pg of flu- 
drocortisone ace t a t eh l  for assay and 15,20 and 25 pg/ml for content 
uniformity analysis. 


Sample Preparation-Assay-A portion of ground tablets equivalent 
to 2.5 mg of fludrocortisone acetate was transferred to a 50-ml low actinic 
centrifuge tube, and 5 ml of distilled water was added by pipet. After the 
suspension was mixed2 for 1 min, 20 ml of internal standard solution was 
added, and the resulting mixture was transferred t o a  mechanical shaker 
for 40 min. The tablet extract was then centrifuged, and the clear liquid 
was injected into the HPLC system. The ratio of the peak heights of 
fludrocortisone acetate to the internal standard was determined, and the 
quantity of fludrocortisone acetate in the sample was calculated using 
the assay calibration curve. 


Content Uniformity Analysis-One tablet (containing 0.1 mg of flu- 
drocortisone acetate) was transferred to a 10-ml low actinic centrifuge 
tube, and 1 ml of distilled water was added. A vortex mixer2 was used to 
effect complete disintegration, and then 4 ml of the internal standard 
solution was added. The mixture was then treated as in the assay. 


Apparatus and  Operating Conditions-The liquid chromatograph 
consisted of a reciprocating pump3, a 20-ml loop injector4, and a UV de- 
tector? equipped with a 254-nm filter. The analytical column was 30-cm 
X 4-mm i.d. stainless steel, packed with porous siliceous microbeads to 
which a stationary phase of octadecyltrichlorosilane was chemically 
bondedi. A flow rate of 1.8-2.0 m l h i n ,  maintained a t  about 800-1000 
psi, was used at ambient temperature. The output of the detector was 
displayed on a recorder having a full-scale range of 10 mv6. 


System Suitability Test-The standard preparation, 100 pglml, was 
chromatographed five or six times, and the peak response was measured 
as the ratio of resulting peak heights of fludrocortisone acetate to the 
internal standard. The relative standard deviation was less than 2%. The 
resolution factor between fludrocortisone acetate and the internal 
standard was more than three. For a particular column, resolution may 
be increased by decreasing the amount of acetonitrile in the mobile 
phase. 


Placebo Analysis-A placebo of the sample commercial tablets used 
in this study was prepared and extracted in parallel with the sample. The 
placebo chromatogram was checked for interfering peaks near fludro- 
cortisone acetate or norethindrone. 


Recovery Studies-The efficiency of the recovery was checked by 


2 Vortex-Genie mixer, Scientific Industries, Springfield, Mass. 
3 pBondapak-Cis, Waters Associates, Milford, Mass. 
4 Chromatron~x HPSV-20, Spectra-Physics! Santa Clara, Calif. 
5 Model 410. Pharmacia Fine Chemicals, Piscataway, N.J. 1 Burdick & Jackson Laboratories, Muskegon, Mich. 
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Figure 1-HPLC separation of fludrocortisone acetate (I) and its 
impurities and degradation products. Key: A, solvent front; R,  If and 
IV; C, III; D,  I ;  and E,  norethindrone acetate (internal standard). 


spiking both the placebo and tablets with known amounts of fludrocor- 
tisone acetate and norethindrone reference standards. The spiked sam- 
ples were extracted and chromatographed in parallel with the sample. 


Stress Test-To demonstrate the stability-indicating ability of the 
HPLC procedure, fludrocortisone acetate tablets were assayed by HPLC 
and then were intentionally degraded by elevated temperature for an 
extended period. The fludrocortisone acetate content was then deter- 
mined by both HPLC and the blue tetrazolium procedures (compendial 
assay). 


RESULTS AND DISCUSSION 


Fludrocortisone acetate (I) is stable as a solid, especially when stored 
in closed brown bottles ( 5 ) .  However, 11-IV may be present either as 
impurities or as degradation products. The presence of A1e4-diene system 
(111 and IV) can be attributed to the fact that it is a possible precursor 
in the preparation of fludrocortisone acetate. The presence of the 21- 
hydroxyl analogs ( I  and 11) are expected as hydrolytic products of the 
acetate esters, especially in hydrolytic solvents. Moreover, these hydro- 
lytic degradation products can be formed on storage for long periods. The 
reliability of the HPLC method is best shown by its ability to resolve 
fludrocortisone acetate from all of 11-IV (Fig. 1). Furthermore, no in- 
terfering peaks were noticed in the placebo chromatogram. 


The linearity of both fludrocortisone acetate and norethindrone 
chromatographic responses was checked by a separate calibration curve 
for each compound. The correlation coefficient for a straight-line equa- 
tion was higher than 0.999 (concentration range of 45-120 pglml) in both 
cases. A representative chromatogram for the fludrocortisone acetate 
commercial tablet is shown in Fig. 2. Recoveries of fludrwrtisone acetate 
and norethindrone were 100.7 and 99.1%, respectively. There was no 
significant difference between recoveries from spiked placebo or spiked 
tablets. 


The stability-indicating ability of the HPLC procedure waa demon- 
strated by the results of the stress test. Fludrocortisone acetate tablets, 
which assayed a t  95.2% of “label claim” by HPLC before being subjected 


C 


I 
i 
I 


i 


i 
16 14 12 10 8 6 4 2 0 


ELUTION TIME, min 


Figure 2-HPLC assay of fludrocortisone acetate “tablet extract.” Key: 
A,  solvent front and tablet excipients; R, fludrocortisone acetate; and 
C ,  norethindrone acetate (internal standard). 


to elevated temperatures, assayed a t  only 72.2% of label claim, and 10.1% 
of the 21-hydroxyl analog (11) was found. However, no A1*4-diene deriv- 
atives (111 and IV) were detected. When the same degraded sample was 
analyzed by the blue tetrazolium procedure (compendial assay), the 
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Table I-HPLC Assay (Milligrams per Tablet) of 0.1-mg Fludrocortisone Acetate Tablets 


Total Average 
First Weight Second Weight Total 


Average Isoniazid 


RSD, % Weights RSD, % mghble t  


Average Average 
of Two of Two of Two Overall Assay, 


Lot Injections RSD, % Injections 


1 0.0948 ._ 


2 0.0970 
3 0.0952 
4 0.0908 


0. I 
0.2 
0.4 
0.6 


0.0930 
0.0976 
0.0953 
0.0924 


0.6 0.0939 1.8 
1.0 0.0973 0.3 
0.7 0.0953 0.4 
0.6 0.0916 0.9 


0.094 
0.095 
0.0947 
0.094 


Table 11-HPLC Content Uniformity Analysis (Milligrams per 
Tablet) of 0.1-rng Fludrocortisone Acetate Tablets 


Lot 1 Lot 2 


Tablet 1 
Tablet 2 
Tablet 3 
Tablet 4 
Tablet 5 
Tablet 6 
Tablet 7 
Tablet 8 
Tablet 9 
Tablet 10 
Averatre 
R S D 3  
HPLC assay 
Isoniazid assaya 
4-AAP content 


uniformitvb 


0.0966 
0.0933 
0.0907 
0.0875 
0.0976 
0.0952 
0.0932 
0.0927 
0.0941 
0.0928 
0.0933 
0.3 
0.0939 
0.0940 
0.0966 


0.0975 
0.1012 
0.0946 
0.0989 
0.0951 
0.0991 
0.0994 
0.0963 
0.1009 
0.0994 
0.0982 
2.3 
0.0970 
0.0947 
0.0967 


~ ~ ~~~ ~~ 


0 Aver e of three sets of runs, 10 tablets each. * 4-Aminoantipyrine method, 
average $10 tablets. 


fludrocortisone acetate content was 88.3% of label value. This high result 
compared to that obtained by the HPLC method (72.2%) may be at- 
tributed to the fact that the blue tetrazolium method does not differen- 
tiate between the 21-hydroxyl analog and fludrocortisone acetate. 


To identify other possible degradation products in the degraded 
sample, which may explain the other 6% loss unaccounted for by the 
HPLC procedure, a foreign peak that eluted just before 111 in the de- 
graded sample chromatogram was collected from 40 runs. Mass spectral 
and NMR analyses showed that the compound was not a steroid but 
probably a fatty acid formed by hydrolysis of excipienb. The UV spec- 
trum of that foreign peak showed a maximum at  259 nm. Other foreign 
peaks eluted very close to the solvent front, and their separation and 
identification were not attempted. 


Resulta of the HPLC analysis of four lots of a commercial tablet 
preparation are shown in Table 1. Fludrocortisone acetate content varied 


between 91.6 and 97.3% of label claim. The average relative standard 
deviation for multiple weights of the same lot was 0.85% (range of 0.3- 
1.8%) while that for,duplicate injections of the same weight was 0.5% 
(range of 0.1-1.0%). Table I also shows a comparison between the HPLC 
results and the isoniazid assay values for the same lots. No significant 
differences were found. 


For content uniformity analysis, 10 individual tablets of two lots were 
analyzed by the HPLC method (Table 11). The relative standard devia- 
tion between individual tablets of the same lot was 2-3% compared to 
2-5% with the compendia1 content uniformity method. This result was 
probably due to the elimination of excipient interferences, especially from 
impurities present in lactose, which caused up to 7% bias on the high side 
with the official procedure. 


In conclusion, the reversed-phase HPLC assay developed for fludro- 
cortisone acetate is suitable for batching, content uniformity, and stability 
assays. The method is more selective than the blue tetrazolium and iso- 
niazid assays because it separates most of the expected impurities and 
degradation products. The method is simple, sensitive, accurate, and 
virtually free from interferences. 
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Abstract 0 Percutaneous nitroglycerin absorption was studied in shaved 
rats by monitoring unchanged plasma drug concentrations for up to 4 
hr. Drug absorption from the neat liquid state or from an alcoholic so- 
lution was considerably poorer than that from a commercial ointment. 
This observation was unanticipated since the driving force for percuta- 
news  drug absorption was assumed to be drug thermodynamics. Po- 
tential artifacts such as drug volatilization from the skin, reduction of 
surface area through droplet formation, and vehicle occlusion were in- 
vestigated, but they did not appear to be responsible for the observed 
results. Two experimental aqueous nitroglycerin gels were prepared with 
polyethylene glycol 400. One gel contained just sufficient polyethylene 
glycol to solubilize the nitroglycerin; the other had excess polyethylene 
glycol to solubilize nitroglycerin far helow saturation. Both gels gave 
extremely low plasma nitroglycerin levels. The composite data suggested 
that percutaneous nitroglycerin ahsorption is highly vehicle dependent 
and that this dependency cannot he explained by simple consideration 
of drug thermodynamic activity. 


Keyphrases 0 Absorption, percutaneous--nitroglycerin, various topical 
dosage forms, rats o Nitroglycerin-percutaneous absorption, various 
topical dosage forms, rats 0 Dosage forms, topical-nitroglycerin, per- 
cutaneous absorption, rats 


Topical nitroglycerin ointments produce sustained and 
clinically beneficial hemodynamic responses in patients 
with various cardiovascular ailments. Application of a 2% 
nitroglycerin preparation on 150-230 cm2 of skin surface 
reduced the frequency and severity of exercise-induced 
angina attacks (1, 2) and decreased heart workload and 
myocardial oxygen consumption (3). 


Systemic availability is the primary goal of topical ni- 
troglycerin application. However, there is little information 
about the physical and physiological factors influencing 
its percutaneous absorption. The relatively large clinical 
nitroglycerin ointment doses and the extensive surface area 
needed for therapeutic effect suggest that  transdermal 
delivery of nitroglycerin, a t  present, is inefficient and that 
attempts to increase percutaneous nitroglycerin absorption 
may be worthwhile. 


The purpose of this investigation was to examine various 
factors that may affect the rate and extent of topical ni- 
troglycerin absorption. In uiuo and in uitro models were 
used to gather data to form a rational basis for improving 
transdermal drug delivery. The relationship between 


thermodynamic activity and in uiuo nitroglycerin ab- 
sorption was examined. 


BACKGROUND 


The skin is one of the most impermeahle tissues of the body. I t  func- 
tions as a harrier against attack by microorganisms, viruses, and many 
toxic chemicals. A t  the same time, it limits the loss of physiologically 
essential components, such as water. The extensive skin harrier properties 
have caused it to be regarded as a poor route for systemic drug adminis- 
tration. Recently, serious attempts have been made to fabricate devices 
for controlled. sustained delivery through the dermal route. A tape ca- 
pable of delivering a constant rateof transdermal scopolamine for up to 
:J days was described (4). 


Several factors influence percutaneous drug ahsorption (5,6) including 
drug permeability through the stratum corneum. the drug’s physical- 
chemical properties, the vehicle in which the drug is incorporated, the 
drug’s ionization state, the skin’s hydration state, the skinS lipid content, 
and regional variations in skin properties. The quantitative relationship 
between drug transfer and several of  these factors is (7): 


dQldt = KC, .DA/T  (Eq. 1) 


where dQ1dt is the steady-state drug transfer rate across a skin harrier, 
K is the effective skin-vehicle drug partition coefficient, C ,  is the drug 
concentration dissolved in the vehicle, D is the drug diffusivity through 
the harrier, A is the surface area of application of the vehicle, and T is 
the effective barrier thickness. 


The model assumes that the skin represents a simple diffusional harrier 
to drug transfer. When the surface area of application, drug diffusivity 
through the skin, and harrier thickness are constant, the equation ad- 
dresses the role of thermodynamics in determining percutaneous ah- 
sorption rates. Specifically, absorption will he enhanced from vehicles 
with a low affinity for the drug and in which thedrug concentration ap- 
proaches saturated solubility. Therefore, approaches toward optimizing 
drug delivery should maximize the drug’s thermodynamic activity in the 
vehicle, as represented by the product term K C ,  in Eq. 1. The validity 
of the thermodynamic relationship has been confirmed qualitatively (8, 
Y), and Eq. 1 has provided valuahle guidance in thedevelopment of im- 
proved vehicles for topical applicat.ion of new drug entities. 


While the thermodynamic approach does include skin characteris- 
tics-uiz., D and T,  in determining absorption rate, these parameters are 
usually difficult to measure as functions of  vehicle changes. Therefore, 
they are often assumed to be indei)endent of  vehicle effects. This as- 
sumption is not always valid since topical formulations are known to 
affect these parameters (5, 6, 10). Vehicle-induced changes in these 
variables may be of sufficient magnitude to override the contribution of 
the thermodynamic term, KC,. In such cases, thermodynamic consid- 
erations alone, although predictive for in oitro drug release, may not 
explain ahsorption differences in animals or humans. 
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Nitroglycerin is a liquid a t  room temperature. Absorption of pure drug 
applied to the skin would be uncomplicated by vehicle and/or particle 
dissolution effects. Unless a positive deviation from Raoult's law resulta 
when nitroglycerin is formulated in topical vehicles, the neat liquid state 
should give the maximal thermodynamic activity for drug penetration. 
This mode of application could serve as a convenient thermodynamic 
reference point for trials of experimental formulations. 


In this study, in oioo nitroglycerin absorption from the neat liquid was 
compared to that  from a clinical ointment'. The latter contains 2% ni- 
troglycerin formulated in an oleaginous vehicle. Because of the favorable 
solubility of nitroglycerin in nonpolar solvents, a strict interpretation 
of Eq. 1 would suggest reduced nitroglycerin absorption from the oint- 
ment when compared to the neat state. This hypothesis was tested. 


Followup experiments explored other factors, e.g., evaporative loss and 
occlusion. that may influence nitroglycerin absorption. Aqueous polymer 
gels reflecting widely divergent thermodynamic activities of nitroglycerin, 
as estimated from partitioning and solubility data, were also prepared. 
The in oitro release and in oioo absorption of nitroglycerin from these 
formulations were compared to those of the ointment. The importance 
of thermodynamic considerations in optimizing transdermal nitroglycerin 
delivery waa evaluated. 


EXPERIMENTAL 


Materials-All reagents were analytical grade unless otherwise 
noted. 


Isolation and Assay of Nitroglycerin Raw Material-Nitroglycerin 
lactose triturate2 (10% w/w) was packed as a column and eluted with 
anhydrous ether3. The solvent was evaporated from the eluate under a 
stream of dry compressed air for 6-8 hr. Nitroglycerin was recovered as 
a liquid, and its purity was determined by the USP XIX (11) procedure 
or by CLC (12). 


Parti t ioning of Nitroglycerin between Isooctane and  Polyeth- 
ylene Glycol 400-Water-Solutions containing varying concentrations 
of polyethylene glycol 400 in distilled water were equilibrated with an 
equal volume of isooctane4 containing 2.60 Fg of nitroglycerin/ml. The 
mixtures were rotated end-over-end for 24 hr in a 20 f 0.5' water bath. 
Duplicate samples were prepared for each composition. After centrifu- 
gation, aliquota of the two phases were diluted with absolute methanol 
and assayed by the kinetic procedure (13,14). 


In the concentrations used, polyethylene glycol did not affect the cal- 
ibration curve in this kinetic assay. With 100% polyethylene glycol 400, 
nitroglycerin was overwhelmingly distributed into the polyethylene glycol 
phase. Therefore, assay o f  the organic nitrate in the isooctane phase was 
conducted by GLC. 
In Vitro Nitroglycerin Release from Topical Preparations-- 


Aqueous polymer gels containing 2% nitroglycerin were prepared by 
dissolving raw nitroglycerin (96% purity) into polyethylene glycol-water 
solutions with stirring. Microcrystalline cellulose" (-29% w/w) was added 
to gel these solutions. All blends were assayed and used within 24 hr of 
preparation. 


A modification of the in uitro release model described by Poulsen et 
al. (8) was used. The formulation was introduced into a tared 60-mm 
diameter X 15-mm petri dish cover6, leveled to the top edge with a mi- 
croscope slide, and weighed accurately. The cover was lowered into a 
250-ml beaker, which was then placed in a 20 f 0.5' water bath. A 
three-blade propeller-stirrer, 27 mm in radius, was positioned 1.5 cm 
above the test material surface. A variable-speed motor drive7 was set 
for 10 rpm. Isopropyl myristates (100.0 ml) previously equilibrated a t  
20' was added with care over the formulation. Samples of isopropyl 
myristate (1.0 ml) were taken a t  specified intervals, and the volume was 
replaced by fresh solvent equilibrated a t  the same temperature. 


The nitroglycerin concentration in the isopropyl myristate receptor 
phase was determined by GLC after appropriate dilution with hexane. 
The total amount of drug released into the medium a t  each point was 
corrected for sampling. The area under the percent nitroglycerin released 
uersus time curve (0-60 min) was calculated by the trapezoidal rule. 
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Figure 1-Schematic representation of animal preparation and ab- 
dominal dosing area used in topical absorption studies. 


I n  Vivo Absorption Studies-An abdominal dosing site (Fig. 1) on 
male Sprague-Dawley ratsY. 280-390 g, was prepared as described pre- 
viously (15). The following dosage forms were investigated a t  20 mg/kg: 
A, 296 nitroglycerin ointment'; B, 6.9% nitroglycerin solution in alcohol; 
C, neat nitroglycerin, isolated by evaporating a known volume of the al- 
coholic solution on a microscope slide and uniformly transferring the 
material to the dosing area; D, occlusion of the dosing site with polytef 
tape'" 1 hr after application of the alcoholic solution; and E, 2% nitro- 
glycerin experimental formulations, described previously. The area under 
the plasma concentration-time curve was evaluated from 0 to 4 hr after 
dosing (AI ICs4)  using the trapezoidal rule. 


Nitroglycerin Recovery from Tissue Sections-Rat abdominal 
tissue sections from Treatments H and C were excised a t  the end of the 
experiments and minced. These tissue preparations were shaken with 
25.0 ml of isomeric hexanes for 1 hr and allowed to sit overnight a t  room 
temperature. Appropriate dilutions with hexanes produced concentra- 
tions of 50-150 ng of nitroglycerin/ml. The internal standard was added 
to a final concentration of 250 ng/ml, and nitroglycerin was assayed by 
GLC. The extraction efficiency for  this procedure was determined by 
excising and treating skin sections immediately after nitroglycerin ap- 
plication. In two experiments, a mean recovery of 75.8% was obtained. 


RESULTS AND DISCUSSION 


Resulb from trials involving abdominal dosing of 18 animals, allocated 
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20k Table I-Com arison of Areas under the Plasma Nitroglycerin 
versus Time 8urve (0-4 hr) after Different Treatments 


Treatment 
Fintment Solution Neaf 


252.1" 
200.1 
72.3 


121.6 
71.1 
88.6 


2.2 36.9 
49.3 43.2 
49.3 29.3 
31.0 24.6 
15.3 20.1 
17.0 55.7 _. . 


Mean 134.3 27.3 35.0 
SD 75.2 19.3 13.1 


+ p  < 0.01- '--P > 0.05- 
I P < 0 . 0 2 L  


a In ng-hr/ml. 


randomly to three treatment groups, are shown in Fig. 2. The clinically 
used nitroglycerin ointment yielded average 30-40-ng/mI plasma levels 
within 1 hr, while neat and alcohol applications gave mean concentrations 
below 10 nglml. The wide standard error ranges (Fig. 2) indicate that 
there was a large degree of individual variability in percutaneous nitro- 
glycerin absorption. Comparison of AUCS4 is presented in Table I. De- 
spite the observed variability, analyses of variance [Kruskd-Wallis rank 
method (16)] with multiple comparisons indicated the ointment treat- 
ment to he significantly different from both the neat ( p  < 0.02) and the 
alcohol ( p  < 0.01) administrations. The latter cases were statistically 
indistinguishable, suggesting that they represent equivalent topical 
dosing modes. 


Both neat and alcohol solution treatments were studied because neat 
nitroglycerin represented a small volume of drug, which may have been 
subjected to significant transfer errors, while the alcohol solution rep- 
resented a more manageable volume for uniform dosing, but the effect 
of the solvent on the skin could not be predetermined. The results show 
that the application appeared adequate in both cases and that the alcohol 
solvent did not significantly alter skin characteristics vis-d-ois nitro- 
glycerin absorption. 


The finding of reduced absorption from neat nitroglycerin was unan- 
ticipated from thermodynamic considerations of Eq. 1. Possible expla- 
nations include: ( a )  evaporative loss of neat drug from the absorption site, 
( b )  alteration in skin permeability by an occlusion effect caused by the 
ointment, (c) artifactual reductions in total surface contact in the case 
of neat nitroglycerin, ( d )  positive deviations from Raoult's law (i.e..  in- 
creases in thermodynamic activity) due to a specific interaction between 
the drug and some vehicle component, and ( e )  nonspecific effects pro- 
duced by certain components of the ointment vehicle that  increase ni- 
troglycerin penetration. 


Experiments were carried out to assess each of these possible fac- 
tors. 


Nitroglycerin Loss from Absorption Site-The volatility of ni- 
troglycerin sublingual tablets has been documented extensively (17-19). 
While the thermodynamic activity of nitroglycerin and, hence, its po- 
tential for absorption were expected to be maximized in the neat state, 


I T 


HOURS 
Figure 2-In vivo absorption of nitroglycerin after topical application 
(20 mglkg) t o  the abdominal skin surface of rats. Key: 0 ,  2% nitro- 
glycerin commercial ointment; 8,6.9% nitroglycerin alcoholic solution; 
and A, neat nitroglycerin. Each point represents the mean (MEM) of 
s i x  animals. 


HOURS 


Figure 3-Effect of polytef tape occlusion on topical absorption of ni- 
troglycerin from alcoholic solution. Key: 0, no occlusion, bars indicate 
standard errors; and 8 ,  occlusion with polytef tape after J hr. Each 
point represents the mean of three animals. Broken lines indicate ex-  
perimental range. 


the energy balance would simultaneously favor nitroglycerin escape to 
the atmosphere. This phenomenon might lead to reduced absorption 
because of volatilization of drug from the dosing site. 


T o  investigate this possibility, tissue sections representing the entire 
dosing area were excised after the 4-hr absorption experiments and the 
amount of nitroglycerin remaining was determined. An average of nearly 
60% of the applied drug could be recovered from the surface skin sections 
(Table 11). The unrecovered 4096 of the dose might have been in the sys- 
temic circulation or still moving through the epidermal layers. Never- 
theless, the evidence suggests that  there was no extensive evaporative 
loss of drug a t  the absorption site after application of neat nitroglycerin 
or the alcoholic solution. Significant quantities of drug were still available 
for absorption a t  the dosing site, even a t  the end of the experimental 
period. This conclusion is supported by results from the occlusion ex- 
periment. 


Effect of Skin Occlusion-Skin hydration is often considered to be 
the most crucial parameter affecting percutaneous absorption of chemical 
compounds (5). Increasing the water content of the stratum corneum has 
been shown to alter the rate and extent of transdermal drug passage (20). 
Oleaginous vehicles and occlusive dressings offer certain advantages by 
inhibiting transepidermal water loss. Thus, the petrolatum-lanolin 
ointment base possibly increased percutaneous nitroglycerin absorption 
primarily through an occlusive effect. 


TO test this hypothesis, an alcoholic solution of nitroglycerin was ap- 
plied to the shaved abdominal surfaces of three rats. The dosing site re- 
mained exposed for the 1st hr during which blood samples were collected 
to establish control values for plasma nitroglycerin concentrations. A t  
1 hr, the area was covered with polytef tape and sampling was continued. 
Enhanced nitroglycerin absorption after this time point would suggest 
a positive influence of an occlusive effect. The results showed, however, 
that  the plasma concentrations were unaffected by occlusion (Fig. 3). 
Thus, it is unlikely that occlusion was responsible for the greater ab- 
sorption of nitroglycerin from the ointment preparation. 


Polytef tape presents a barrier to water mass transfer (21), and pre- 
liminary studies demonstrated a resistance to nitroglycerin transfer. The 
polytef tape not only prevented water loss from the skin but should have 
retarded significant volatilization of nitroglycerin from the dosing site. 


Table 11-Percent Recovery * of Nitroglycerin from Rat Tissue 
Sections 4 hr after Abdominal Application of a 20-mg/kg Dose 


Application * Recovery, % 


Neat 
Neat 
Neat 
Neat 
Alcohol solution 
Alcohol solution 
Mean 


50.8 
64.1 
55.2 
49.7 
60.9 
74.1 
59.1 


Corrected for extraction. Eech listing represents an individual tissue section 
from separate animals. 
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Because there was no increase in plasma nitroglycerin levels after en- 
closure of the dosing site with polytef tape, evaporative drug loss after 
application of neat nitroglycerin and its alcoholic solution could not have 
been extensive. 


SurPace Area Considerations-As clearly stated in Eq. 1, the con- 
ditions required for testing the thermodynamic concept must include 
a constant surface area for drug application. The total abdominal dosing 
area was controlled a t  9 cm2 for all experiments. This region could, 
however, represent only an apparent dosing area if the interfacial tension 
between nitroglycerin and the skin was of sufficient magnitude to cause 
poor “wetting,” reducing the actual contact area through droplet for- 
mation. 


Gross examination of the skin after dosing showed nothing to suggest 
that  uniform film formation had not taken place. Microscopic exami- 
nation and photographic documentation proved difficult because of the 
low level of contrast between the deposited drug, a clear to slightly yel- 
lowish liquid, and the skin background. Attempts to visualize the drug 
on the skin using oil-soluble dyes or fluorescent markers were also in- 
conclusive. Thus, within the visualization capability of the experiment, 
surface area artifacts arising from droplet formation from neat nitro- 
glycerin appeared to be absent. This conclusion will be substantiated 
further by comparison of in oioo absorption of nitroglycerin from oint- 
ment and experimental gels. 


Comparison of In Vitro Nitroglycerin Release between Experi- 
mental  Gels and  Ointment-Aqueous nitroglycerin solubility a t  Z O O  


was determined to be 1.77 mg/ml, in close agreement with literature re- 
ports (22). Nitroglycerin partitioning between isooctane and polyethylene 
glycol 4Wwater  combinations is shown in Fig. 4. Because of extensive 
nitroglycerin solubility in alcohols, the partition coefficients (oil-water) 
were reduced drastically in the presence of significant concentrations of 
polyethylene glycol 400. The observed partition coefficients and measured 
water solubility value were used to estimate nitroglycerin solubility in 
the different water-polyethylene glycol 400 mixtures (Fig. 4). This 
method of solubility estimation was used instead of the classical excess 
compound technique to avoid handling large quantities of pure nitro- 
glycerin. 


Gels were prepared using polyethylene glycol 400-water mixtures and 
microcrystalline cellulose. Simple mixing of components yielded phar- 
maceutically suitable preparations of uniform texture and acceptable 
viscosity. Preliminary experiments involving gels prepared with different 
concentrations of microcrystalline cellulose showed that this material 
did not inhibit nitroglycerin diffusion out of the gels. This finding suggests 
that  drug binding or adsorption to microcrystalline cellulose is insig- 
nificant in the presence of polyethylene glycol 400. 


From the calculated solubility profile, it was determined that a 2% 
nitroglycerin gel could be prepared near saturated solubility using 70% 
polyethylene glycol 400 in water (Gel A). This formulation presented 
nitroglycerin a t  a near maximal thermodynamic state when compared 
to similar formulations in which 2% nitroglycerin did not represent sat- 
urated solubility. In 100% polyethylene glycol 400, the estimated nitro- 
glycerin solubility was approximately 150-fold greater than in 70% 
polyethylene glycol 400. Thus, a 2% nitroglycerin gel prepared with 10% 
polyethylene glycol 400 (with microcrystalline cellulose added for vis- 
cosity) (Gel B) presented nitroglycerin a t  a 150-fold reduction in ther- 
modynamic activity compared to that produced by Gel A. 


Estimation of nitroglycerin thermodynamic activity in the ointment 


z -  
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Figure 4-Partitioning and estimated solubility of nitroglycerin at 2U0. 
Key: 0, observed partition coefficient (isooctane-agueous-polymer) 
for nitroglycerin; dnd 0, calculated solubility of nitroglycerin in 
water-polymer mixtures. 
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Figure 5-In vitro release of nitroglycerin from 2% topical preparations 
into isopropyl myristate. Key: 0 ,  Gel A; a, Gel B; and A, commercial 
ointment. Each point represents the mean of two trials. Bars indicate 
the range of observed ualues. Where bars are not shown, the observed 
range was within the area covered by the symbols used. 


could not be made because of solubility problems. Information on the 
composition of this ointment was not available, and the saturated solu- 
bility of nitroglycerin in the ointment could not be determined easily. 
The relative thermodynamic activity of nitroglycerin in the gels and the 
ointment could be determined by the relative in uitro release rates. 


Comparative in uitro release rates from Gels A and B and the ointment 
into isopropyl myristate were evaluated. A hydrocarbon solvent such as 
isooctane could not be used because it caused rapid dissolution of the 
oleaginous vehicle. On the other hand, higher molecular weight alcohols 
such as octanol brought about disintegration of the polyethylene gly- 
col-based gels. Isopropyl myristate was chosen as a compromise because 
both polyethylene glycol and water were immiscible with it while oint- 
ment dissolution, although present, was considerably less rapid. T o  avoid 
further artifactual results from ointment dissolution, a very slow stirring 
rate for the receptor phase was used. Sampling was conducted for 1 hr 
to compare the initial release characteristics from the three preparations 
(Fig. 5). 


The areas under the percent release-time curves (in percent release- 
min) were 94.2 and 85.3 for Gel A, 55.6 and 55.1 for Gel B, and 80.2 and 
75.9 for the ointment. The data suggested that Gel A released nitro- 
glycerin about two times faster than Gel B. This result is in qualitative 
agreement with a prediction based on solubility arguments, but Gel A 
did not release nitroglycerin 150 times faster than Gel B, as would be 
expected if the drug solubility in the vehicle is inversely related to release. 
Isopropyl myristate, however, is a much better solvent for nitroglycerin 
than is isooctane. Thus, differences in partitioning with the latter solvent 
may be greatly reduced because of the solvent “leveling” effect of iso- 
propyl myristate. At any rate, nitroglycerin release from the ointment 
was not statistically different from that produced by Gel A. This finding 
suggests that nitroglycerin is not present in the ointment a t  an abnormally 
high thermodynamic activity. Thus, a positive deviation from Raoult’s 
law cannot be invoked for the increased nitroglycerin absorption from 
the ointment over the neat liquid. The absence of an enhanced “escaping 
tendency” of nitroglycerin in the ointment was further indicated by the 
following observation: when several ointment samples were placed un- 
mixed and allowed to equilibrate with water at  20°, the resultant aqueous 
concentrations measured a t  1 and 2 weeks did not exceed the aqueous 
solubility of nitroglycerin. 


The lack of quantitative correlation between the in uitro release rate 
and solubility in Gels A and B might have been due to the slow stirring 
rate used. Release rates from topical steroid preparations using a similar 
in vitro test system were reported to be sensitive to stirring rates of less 
than 30 rpm (8). This degree of agitation could not be accommodated in 
the present study without erosion of the ointment base by the solvent. 
An alternative approach using a dialysis membrane” to separate the 
vehicle and isopropyl myristate was unsuccessful because polyethylene 
glycol 400 rapidly diffused through the artificial membrane. 


In Vivo Nitroglycerin Absorption from Polymer Gels-The in 
uivo  study of percutaneous absorption of Gels A and B produced unan- 


‘ I  Spectrapor membrane tubing, mol. wt. cutoff 6000-8000. Spectrum Medical 
Industries. Los Angeles, CA 90054. 
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ticipated results. In contrast to the ointment, where a plateau drug level 
of 30-40 ng/ml was achieved, both gels (three animals in each trial) gave 
negligible (<1 ng/ml) plasma nitroglycerin concentrations over 4 hr. The 
i n  uioo absorption data did not correlate with the i n  uitro release re- 
sults. 


The composite data suggest a specific skin-vehicle interaction with 
the ointment, which has the net effect of increasing nitroglycerin per- 
meability or decreasing the effective skin barrier thickness. Alternatively, 
poor nitroglycerin absorption from the neat material, alcoholic solution, 
and polyethylene glycol gels may have arisen from unfavorable interac- 
tions with the skin. A recent study showed that benzocaine diffusion 
through human stratum corneum decreased in the presence of relatively 
high amounts of low molecular weight polyethylene glycol (23). These 
researchers also showed that polyethylene glycol significantly affected 
the surface structure of the stratum corneum. These effects may be tested 
by comparing the absorption of a marker chemical following application 
of neat nitroglycerin or polyethylene glycol gels on the skin to absorption 
through untreated skin. 


The ointment may increase transdermal nitroglycerin delivery by in- 
hibiting skin metabolism. Enzymatic process in the skin and consider- 
ations of the skin as an active metabolizing barrier were discussed recently 
(24,25). Previous studies also showed a total body nitroglycerin clearance 
from the rat in excess of reasonable hepatic clearance (26), suggesting 
extensive tissue degradation of this drug. The skin may represent a 
first-pass metabolic site for topically applied nitroglycerin. Interference 
with this process can affect the amount of intact nitroglycerin reaching 
the systemic circulation. This aspect of nitroglycerin transdermal delivery 
will be investigated. 
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Abstract  0 The kinetics of dopamine oxidation by dialkylaminoalkyl- 
phenothiazine cation radicals (with two- or  three-carbon side chains) were 
investigated. The two-carbon side-chain derivatives have reaction rates 
higher than the three-carbon ones. For chlorpromazine and promazine, 
extrapolation of pH 1-6 data shows that reaction rates become very fast 
a t  physiological pH. 


Keyphrases o Dopamine-oxidation by phenothiazine cation radicals, 
kinetics, structure-activity relationships 0 Phenothiazine deriva- 
tives-oxidation of dopamine, kinetics, structure-activity relationships 
o Structure-activity relationships-phenothiazine cation radicals, ox- 
idation of dopamine, kinetics 


Several reports (1-4) pointed out that transformation 
of chlorpromazine [2-chloro-N,N-dimethyl-lOH-pheno- 
thiazine-10-propamine] (I) is necessary for some in uitro 
enzyme inhibitions. A I intermediate, the cation radical 


[obtained also in uiuo (5)), was shown to inhibit (Na+, K+) 
adenosine triphosphatase (6). The cation radical also in- 
hibited microsomal brain enzyme (7) and uridine di- 
phosphate glucose dehydrogenase (8). 
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To the Editor: 


Chiou et al. ( 1 )  described a high-pressure liquid chro- 
matographic (HPLC) method for creatinine and stated 
that previously published methods “lack specificity” or 
are “subject to  interferences.” In particular, they stated 
that in the cation-exchange membrane method of VedsB 
et al. ( 2 ) ,  the membrane is used “to remove proteins and 
interfering substances from serum samples. . . . Acetoac- 
etate and possibly some other interfering substances are 
not removed. Therefore, interferences occur a t  least in 
samples from ketotic patients.” 


In fact, the cation-exchange membrane is used to remove 
creatininium ions from diluted serum a t  pH 3.1. Aceto- 
acetate, acetone, glucose, and pyruvate are not removed 
(3); therefore, interference by these substances does not 
occur. (This is clearly stated in the original article.) 


Chiou et al. (1) also stated that  the membrane method 
“would probably take about 30 min for each assay,” while 
their own method requires “only about 5 min for comple- 
tion.” In fact, an assay with the membrane method takes 
about 1.5 hr (the original article clearly stated that ion 
exchange takes 1 hr and desorption requires 20 min). Since 
the membrane method is a batch technique, a routine 
workload of 250 determinations (representing 100 sample 
duplicates) can be accomplished by one technician in 2.5 
hr. This quantity is in contrast to the method of Chiou et 
al. ( 1 )  in which the throughput appears to be about 12 
determinations/chromatograph hr, which is hardly suitable 
for routine workloads. 


The membrane method has been improved since pub- 
lication in 1974. The picrate reagent now contains 9.8 
mmoles of picric acid/liter and 82 mmoles of sodium hy- 
droxide/liter. The reagent blank is now about 0.030A, and 
the slope of the standard curve is about 2.OA mole-’ liter 
X lo:$. With the improved method, the coefficient of vari- 
ation a t  50 pmoles/liter (0.57 mg %) is about 5%; in the 
normal range, it is about 4%. These values are in sharp 
contrast to those of Moss et al. (4), who found a coefficient 
of variation of 14% for creatinine values of 67 pmoleshter 
(0.76 mg O h ) .  


Chiou et al. ( 1 )  erroneously stated that Moss et al. (4) 
did not report on the reproducibility of measurements of 
concentrations below 1 mg %. In fact, the article of Moss 
~t af. is one of the few that docs give this information. 
However, Chiou et al. do not report the reproducibility of 
their method below 1 mg %. 


182 (1978). 
( 1 )  W. I , .  Chiou, M. A. F. Gadalla, and G. W. Peng, J .  Pharm. Sci., 67, 


( 2 )  S. Vedsd, C. Rud. and J .  F. Place, Scand.  J .  Clin. Lah. Inuest. ,  34, 


Creat inine IX: Specificity and 
Sensitivity of High-Performance Liquid 
Chromatographic  and Ion-Exchange 
Membrane Methods for 
Determination of Endogenous Creat inine 


Keyphrases 0 Creatinine-analysis, high-performance liquid chro- 
matography, ion-exchange membrane assay High-performance liquid 
chromatography-analysis, creatinine 


To the Editor: 


In commenting on our extensive studies (1) on the de- 
velopment of a simple, rapid, and micro high-pressure 
liquid chromatographic (HPLC) method for the deter- 
mination of endogenous “true” creatinine, i t  appears that 
Place (2) has misunderstood the content of our paper. Our 
paper clearly stated that in the ion-exchange membrane 
method by VedsB et  al. (3), “the subsequent reaction of 
creatinine desorbed from the membrane with the alkaline 
picrate.” Although the ion-exchange membrane method 
was claimed to  be specific (3), it can only be considered 
more specific than some other published methods using 
the alkaline picrate reagent. This is obvious since there is 
no guarantee that other endogenous substance(s) not 
tested by them or other workers cannot react with the al- 
kaline picrate in their method. In commenting on the ki- 
netic method of Larsen (4), Vedsa et al. (3) erroneously 
implied that  they achieved a total specificity in their 
membrane method. 


The accuracy and specificity of the original membrane 
method ( 1 )  also can be questioned due to  the unusually 
high absorbance for their blank sample. The  blank ab- 
sorbance, calculated by this author, is equivalent to 1.70 
mg % of creatinine. Plasma or serum creatinine levels 
ranging from 0.4 to 0.8 mg ‘16 are quite commonly found in 
patients. 


There should be no doubt that the HPLC methods (1, 
5 ,6 )  for the assay of creatinine in serum or plasma should 
be more specific than the other assays published to date. 
The  automated analyzer method, generally considered to 
be quite specific, overestimated creatinine by as much as 
45% in our studies and -200% in others (5) in certain 
samples when compared with the HPLC methods. In our 
laboratory, a range of -20-70% of overestimation also was 
recently found in many serum samples with low creatinine 
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Abstract 0 Methods capable of measuring inorganic iodide in the 
presence of other highly polar metabolites were developed in support of 
studies concerning the metabolism of 1251-labeled compounds. The 
methods included separation of iodine on a weakly basic resin paper 
followed by y-counting, methyl iodide exchange, and reverse isotopic 
dilution. 


Keyphrases Iodide-analyzed in urine by paper chromatography- 
y-counting, methyl iodide exchange, and reverse isot.opic dilution 0 
Chromatography, paper-followed by y-counting, analysis of iodide in 
urine Methyl iodide exchange-analysis of iodide in urine Keverse 
isotopic dilution-analysis of iodide in urine 


Methods for the measurement of inorganic iodide were 
required in studies concerning the metabolism of Iz5I- 
labeled compounds. I t  was desired to have chromato- 
graphic separation procedures followed by y-counting and 
also independent chemical confirmation of such chroma- 
tographic results. For example, these methods had to be 
capable of measuring iodide in the presence of other highly 
polar metabolites such as the glucuronides, sulfates, and 
mercapturic acid derivatives formed during the metabo- 
lism of 4-iodobiphenyl (1). 


Chemical determinations of iodide in biological systems 
appeared not to be applicable to these studies. The limit 
of detection of the electrometric titration method (2) is 25 
pg/50 ml of urine in systems containing relatively large 
amounts of organically bound iodide. In several proce- 
dures, the iodide was oxidized to iodine, followed by col- 
orimetric determination (3), y-counting (4), or titration 
with sodium thiosulfate (5). Iodine in urine or filtrates of 
incubation mixtures containing iodine-131 in the presence 
of organically bound iodine also was measured by passing 
such a solution through a silver chloride column (6-8). The 
activity of the silver iodide formed at  the top of the column 
was counted with excellent recovery, but the presence of 
easily oxidizable iodo compounds could be a problem. 


Several acidic and basic alcohol-water solvent systems 
were applied to paper chromatographic separations of io- 
dide in biological systems (4,6,9-16). The 1-butanol-0.5 
N ammonia-ethanol-water system (16) was found to be 
applicable to metabolic studies. In addition, a resin paper 
separation, a methyl iodide exchange procedure, and a 
reverse isotopic dilution method were developed. This 
paper describes these three procedures for iodide mea- 
surements in biological systems. These procedures are 
being applied for metabolism studies of 1251-4-iodo- 
biphenyl in rats in which the daily yield of iodide in urine 
represents a maximum of 3% of the radioactivity of an 
original dose of 400 mg/kg (400 pCi). 


EXPERIMENTAL 
Resin Paper Chromatography-Weakly basic resin papers1 were 


WR 2 resin paper, Reeve Angel, Clifton, N.J 


developed to 16.0 cm by an ascending method in tanks lined with filter 
paper and saturated with butanol-acetone-concentrated ammonium 
hydroxide-water (6520: 10:s). Radioactivity was detected by y-countini2 
0.5-cm strips of the chromatogram. In urine samples showing multiple 
peak activity, the resin paper chromatogram corresponding to inorganic 
iodide was extracted with methanol. The extract was concentrated and 
redeveloped in the same system for improved separation of the inorganic 
iodide. 


Methyl Iodide Exchange-A volume of 50.0 pl of rat urine was 
transferred with a microliter pipet to a 10 x 75-cm screw-capped culture 
tube and dried under a gentle nitrogen stream. To the residue were added 
100 pl of acetone and 100 pl of methyl iodide, both freshly distilled before 
use. The tube was capped, and the sample was allowed to exchange 
overnight a t  room temperature. The exchanged radioactive methyl iodide 
was removed along with acetone by a slow nitrogen stream, which had 
passed through a solution trap containing 2.0 ml of 5% NaOH. 


The dried residue was dissolved in 200 pl of acetone and counted in a 
y-counting system. The difference in radioactivity before and after ex- 
change was used to calculate the inorganic iodide concentration in the 
urine (17). The amount of 12511-label present in a sample was calculated 
by dividing the difference in activity before and after methyl iodide ex- 
change by the factor 0.926. as established from known concentrations 
of iodine-125. 


Reverse Isotopic Dilution-To 3.0 ml of rat sample urine was added 
about 1 g of carrier sodium iodide, accurately weighed, to give a homo- 
geneous solution. An excess volume of saturated lead nitrate was added 
to the solution to precipitate iodide as lead '2sI-iodide, which was filtered 
and recrystallized in large volumes of boiling water. The radioactive lead 
iodide was oxidized to elemental iodine by addition of a slight excess of 
sodium nitrite (-0.5 g) in a 2.5 X 20.3-cm test tube. Concentrated nitric 
acid was added dropwise until the release of nitrous acid ceased. 


The iodine crystals were trapped on the inside wall of the test tube, 
which had a cooling coil around the outside. Purification of the radioactive 
iodine crystals was by repeated sublimations until a constant specific 
activity was obtained. 


RESULTS AND DISCUSSION 


T o  develop a rapid analytical method to separate inorganic iodide from 
other highly polar metabolites. a number of reported T I X  systems (18, 
19) were tested and found to be unsatisfactory. Separation by paper 
electrophoresis in various buffer systems could be achieved, hut quan- 
tification of the results was poor. In pH 3 phthalate buffer, even a t  the 
minimal constant voltage (15 v) or current (15 mamp) required for sat- 
isfactory iodide-ion mobility (0.25 cm/hr), there was appreciable oxida- 
tion of the iodide. 


With a weakly basic polyamine anion-exchange resin3 (0.2 g dry 
weight), i t  was possible to separate iodide from polar metabolites. The 
Iz5I-ions in urine samples (10,000 cpm) from rats dosed with Iz5I-4- 
iodobiphenyl were retained a t  the top of the resin column while all other 
radioactive compounds from the hydroxylation of the iodobiphenyl and 
their conjugates were removed by elution with 0.8% HCI in methanol. 
y-Counting of iodide activity bound to the resin particles, however, did 
not give consistent results, probably because of the difficulty in con- 
trolling the geometry of counting the resin particles. 


The information gained from this resin column led to the use of chro- 
matography on resin-loaded papers. A single-phase solvent system of 
butanol-acetone-concentrated ammonium hydroxide-water (6520:10:5) 
was used with a weakly basic resin paper. I t  was speculated that an am- 
monia-iodide interaction (20) would be useful to separate iodide from 
other polar urinary metabolites. In urine sample chromatograms, a peak 


* Model 1185 ?-counting system, Searle. Chicago, 111. The limit of counting was 
set for 10,000 cpm o r  1 min, and the counting efficiency for iodine- I25 was 76'rj. 


IR-45. Mallinckrodt. S t .  1,ouis. Mo. 
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a t  R, 0.39 corresponded to the single peak appearing in the 1z51-control 
chromatograms. The presence of iodide in the peak was confirmed by 
methanol extraction of the peak and rechromatography in the USP paper 
system (21) used to determine the purity of the "Wlabel. Both a reference 
sample of sodium 'Z51-iodide4 and the Concentrated extracted material 
had R/ values of 0.71 in the paper system. 


The resin paper system in the metabolism study of iodobiphenyl in rats 
(1) provided a satisfactory separation of inorganic iodide (RI  0.39) from 
other urinary metabolites (polar conjugates, R/ 0.16; iodobiphenyl and 
2- and 4-hydroxy-q'-iodobiphenyI, R! 0.73). The same system failed when 
it was used for liver homogenate studies of the biodehalogenation of 4- 
iodobiphenyl, 4-iodonitrobenzene, and 4-iodoaniline (22). The system 
was incapable of separating iodide after the addition of trichloroacetic 
acid, which was required for the workup of these in vitro samples. How- 
ever, a reported paper partition system (16) was used for this purpose 
and also provided excellent separations for iodide in the presence of other 
metabolites in urine samples. 


The results of the analysis of six urine sample8 by both the resin paper 
and partition systems differed by less than 3% in total urinary activity. 
In general, while the paper partition system gave better defined separa- 
tions in complex mixtures of polar metabolites, the resin paper system 
was less time consuming and results could be achieved in the time re- 
quired for conventional TLC systems. 


T o  confirm further the accuracy of iodide determinations by the paper 
and resin paper chromatographic systems, alternative quantitative 
techniques were sought. Existing methods with adequate sensitivity all 
involve quantitations of total iodide concentrations after chemical ma- 
nipulations, including electrometric titrations, oxidations, adsorption, 
and extractions, of the original biological samples, which may introduce 
artifacts. Limitations due to these artifacts have been discussed (3, 6, 
23). 


A reverse isotopic dilution method was one of two procedures devised 
to avoid these artifacts. Since isotopic dilution methods depend on spe- 
cific activity as the criterion for quantitation instead of on total content 
in the processed samples, any loss of iodide resulting from multistep 
handling would not affect the final determination. After addition of cold 
sodium iodide to radioactive urine samples, precipitation with lead nitrate 
was used to provide an initial isolation of inorganic iodide. The lead iodide 
formed could not be reproducibly counted directly because of the ap- 
parent quenching effect of lead, so the lead 125I-iodide was oxidized to 
iodine. The iodine crystals were purified by repeated sublimations to a 
constant specific activity. This specific activity, multiplied by the weight 
of cold iodide added, was used as a measure of the 1251-label in the urine 
sample. 


Evaluation of this procedure with duplicate samples of sodium 1251- 
iodide (73,000 and 80,000 cpm) content gave an average of 95.6% recovery 
with a difference of 0.6%. A constant specific activity was obtained after 
three sublimations and remained constant for the additional three sub- 
limations tested. The method also was applied to urine samples 
(243,000-1,000,000 cpm/5 ml) from rats dosed with 1251-4-iodobiphenyl 
(400 mg/kg; 400 pCi), with a constant specific activity being obtained after 
three or four sublimations and remaining constant for a t  least the three 
additional sublimations tested. 


New Rngland Nuclear (17 Ci/mg); used within 6 months of calibration. 


A second chemical analytical method used an exchange reaction be- 
tween methyl iodide and the 1251-label and was based on studies (17,24) 
of rates of exchange of organic iodides with radioactive inorganic iodide. 
In the present studies, when the exchange procedure was applied to iodide 
in urine samples, i t  was important to establish anhydrous conditions; 
acetone was an excellent solvent for the exchange. Thirty exchange ex- 
periments with known quantities (500-14,000 cpm) of sodium lZ5I-iodide 
(17 Ci/mg) added to control rat urine'indicated that 92.6 f 2.23% of added 
activity was removed after methyl iodide exchange. 


A comparison of the exchange and reverse isotopic procedures for io- 
dide determination was made for the first 4-day urine excretion after the 
administration of 1261-4-iodobiphenyl (400 mg/kg; 400 pCi) to rats. The 
two procedures agreed within 3.4% of the total daily urinary radioactivity 
and were equally effective in measuring iodide in metabolic systems. 
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while it gave cleaner extracts, the efficiency of extraction for acetami- 
nophen was significantly lower. Acetaminophen and the internal standard 
partitioned nearly identically to one another. Absolute recovery of 
acetaminophen was 80-90%, and recovery relative to a matrix-free 
standard was 109%. 


Linearity was evaluated by spiking drug-free serum with 10 standard 
solutions over the range of 20 ng/ml-20 rglml. The correlation coefficient 
obtained was 0.9997. Reproducibility was determined by spiking six 
different drug-free serum samples. The relative standard deviation a t  
2 bg/ml was 3.0%; at  200 ng/ml, it was 5.1%. 


Reversed-phase chromatography with electrochemical detection is a 
useful means of quantitating acetaminophen metabolites in blood, urine, 
and liver homogenates. Since all major metabolites are more polar than 
the free drug or oxidize a t  significantly more positive potentials, they do 
not interfere in the present method. 
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Abstract a A rapid method for extraction of dyes from tablet-coating 
formulations is described. The dyes were released from their lakes by 
treatment with concentrated phosphoric acid and dissolved in methanol. 
After being made alkaline with ammonium hydroxide, the mixture was 
centrifuged to obtain a clear supernate for application to the TLC plate. 
With ethyl acetate-methanol-water-concentrated ammonium hydroxide 
(150:40:355) on silica gel, 20 dyes were separated sufficiently to confirm 
their presence in the coating formulation. 


Keyphrases o Dyes, various-TLC determination in tablet-coating 
formulations 0 TLC-determination, various dyes in tablet-coating 
formulations 0 Tablet-coating formulations-TLC determination of 
various dyes 


The widespread use of coloring agents in pharmaceutical 
preparations, combined with stringent and changing reg- 
ulations on their use, makes a simple and rapid method for 
identifying the components of a colorant mixture highly 
desirable. TLC has been used extensively for this purpose, 
and several systems for the separation of dyes were pub- 
lished (1-4). If the dyes are components of a formulation, 
a suitable preparative scheme must be employed before 
the sample is applied to the thin-layer plate. Since tab- 
let-coating formulations are relatively simple', published 
systems for extracting dyes from foods and drugs (5-7) are 
unnecessarily complex. 


The aim of this work was to  develop a combination of 
preparative scheme and TLC system that could be applied 
uniformly to various formulations. 


I Formulations contained one or more lakes, titanium dioxide, and one or more 
of the following: sucrose, povidone. hydroxypropylcellulose, sodium benzoate, al. 
cohol. and water. 


Table I-Summary of Rf Values 


Dye R f  
FD&C Yellow No. 5 
FD&C Green No. 3 
FD&C Red No. 2" (amaranth) 
FD&C Blue No. 1 
D&C Blue No. 4 
FD&C Yellow No. 6 
FD&C Red No. 40 ~ . .. 


FD&C Red No. 33 
FD&C Red No. 4 
FD&C Violet No. l a  
FD&C Red No. 7 
D&C Green No. 5 
FD&C Red No. 3 (erythrosine sodium) 
FD&C Red No. 28 
FD&C Orange No. 4 
D&C Red No. 19 
D&C Yellow No. 10 
D&C Yellow No. 11 
D&C Red No. 36 
D&C Green No. 6 


0.06 
0.07 
0.07 
0.16 
0.17 
0.22 
0.22 
0.23 
0.24 
0.26 
0.27 
0.31 
0.31 
0.33 
0.36 
0.36 
0.37 
0.77 
0.81 
0.85 


Use no longer permitted in the United States. 


EXPERIMENTAL 


Extraction of Dyes-Ten drops (-0.4 ml) of phosphoric acid (85%) 
were placed in a 50-ml centrifuge tube, and an appropriate amount of 
tablet-coating liquid (up to 1 ml), pure dye or lake, wasadded. The con- 
tents of the tube were mixed by swirling intermittently for 5 min. 
Methanol, 10 ml, was added, and the tube was shaken for 1 min. Then 
1 ml of concentrated ammonium hydroxide (2%) was added, and the 
tube again was shaken for 1 min. Solids were removed by centrifuging, 
and 10 $1 of the supernate was applied to the thin-layer plate. 


TLC Plates-Silica gel Gz plates, 20 X 20 cm, 0.25 mm thick, were 


* E. M. Reagents, E. Merck, Darmstadt, West Germany. 
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prepared using an automatic TLC plate coater3. Plates were dried at 40' 
and activated by heating a t  l 0 5 O  for 15 min just prior to use. 


Solvent-Ethyl acetate-methanol-water-concentrated ammonium 
hydroxide (15040355)  was mixed and transferred to the chromato- 
graphic chamber just prior to use. 


Chamber-A paper-lined glass tank, -30 X 9 X 27 cm, was saturated 
with solvent just prior to use. 


RESULTS AND DISCUSSION 


Essentially complete extraction of dyes from the tablet-coating for- 
mulation was indicated hy the lack of color in the centrifuged solid resi- 
due. Development of the thin-layer chromatogram required about 50-60 
min. 


The R/ values were not affected by applying all dyes in combination 
or by varying quantities applied from 0.1 to 10 pg. Other components of 
the tablet-coating formulations had no effect. 


Average R, values for the 20 dyes are shown in Table 1. The spots were 


Camag model 21 6O2, Muttenz, Switzerland. 


generally compact horizontal bands that were visually distinct even when 
the R/ values were very close. Distinction was aided by hue differences 
even among dyes of the same color group. The possibility of discrimi- 
nating among all dyes of a given color group was confirmed by applying 
mixtures. Any of several similar published systems (2 ,3)  probably could 
be used to resolve any possible confusion. 


The method has been applied successfully to more than a dozen dif- 
ferent color-coating formulations to date. 
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Abstract 0 The official GLC method of the Association of Official An- 
alytical Chemists (AOAC) for determining vitamin E was modified and 
collaboratively studied for the National Formulary (NF). The internal 
slandard hexadecyl hexadecanoate (cetyl palmitate) was substituted for 
the dotriacontane used in the AOAC method, and some other minor 
changes were made. Eleven samples, representing all types of NF for- 
mulations and NF hulk materials, were analyzed by 1 I laboratories. The 
coefficients of variation of the reproducihility and repeatability were 4.5 
and 2.4% respectively, for all laboratories and samples. The values were 
3.4 and 1.6%. respectively, when the one laboratory statistically deter- 
mined to he an outlier was excluded. The coefficients of variation of re- 
producibility and repeatahility for a-tocopheryl acid succinate were 2.1 
and l.%, respectively. All of these values lie within the 5% limit required 
hy the NF. 


Keyphrases 0 Vitamin E-GLC analysis, collaborative study of 11 
samples by 11 laboratories GLC-analysis, vitamin E. collaborative 
study of 1 1  samples by 11 laboratories 


Interest in GLC as compendial or official methodology 
for the quantitative measurement of a-tocopherol, cu-to- 
copheryl acetate, and a-tocopheryl acid succinate has 
developed during the past 10 years. Sheppard et al. (1) 
conducted a collaborative study of a GLC method for de- 
termining vitamin E and demonstrated the superiority of 
GLC over the colorimetric method (2, 3). An external 
calibration procedure was used for calculating the quantity 
of specific vitamin E isomers in pharmaceutical prepara- 
tions. The Association of Official Analytical Chemists 
(AOAC) adopted the GLC method (4 ,5) .  


BACKGROUND 


An extensive collaborative study of the GLC method for determining 
vitamin E was initiated in April 1970 by the Pharmaceutical Manufac- 
turers Association Quality Control Section (PMAQCS) a t  the request 


of the National Formulary (NF) for a better, more specific compendial 
assay for vitamin E and vitamin E decavitamin preparations (6). A pre- 
liminary intralahoratory GLC study comparing the dotriacontane in- 
ternal standard method with the AOAC external standard method 
showed no significant difference in the results. Since the two calibration 
methods were apparently equally valid, the less complicated internal 
standard method was chosen for the PMAQCS study. 


The GLC method was again demonstrated to be more specific and 
rapid than the compendial colorimetric methods (2, 3). The internal 
standard calibration method used in the I'MAQCS study gave improved 
precision over that of the AOAC method (l),  which used an external 
calibration technique. On the basis of the PMAQCS study, the AOAC 
adopted the GLC method with the dotriacontane internal standard as 
a primary calibration method; the external standard method became an 
alternative calibration method (7). 


Concurrently, the NF staff was studying the PMAQCS collaborative 
study results and planned to include a GLC method based on that study 
in NF XIV (8). However, this GLC method was the subject of much dis- 
cussion and debate. Therefore, the NF decided to adopt the AOAC 
method as an interim method until a generally agreed-upon GLC method 
could be studied collaboratively. The NF incorporated the AOAC 
method, without the external calibration alternative, into NF XIV (8). 


A meeting of' persons from domestic and foreign industry, the AOAC, 
and the Food and Drug Administration was held in 1974 to resolve various 
issues and to agree upon methodology. Hexadecyl hexadecanoate (cetyl 
palmitate) was chosen to replace dotriacontane as the internal standard. 
Electronic integration was considered mandatory. Other minor modifi- 
cations were made in the AOAC method, and the revised method was then 
converted to NF monograph form and circulated to the attendees for 
approval. The method was then collaboratively studied in 1975.The re- 
sults of that study are presented here. 


EXPERIMENTAL 


Method-The collaborators were instructed to follow the official 
AOAC method (7) with the following changes: column temperature, 
245-265O; and inert carrier gas flow, adjusted so that the wtocopheryl 
acetate peak appears about 20 min after sample injection. 


The internal standard solution is prepared by dissolving 500 mg of 
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Dielectric Constants of Solid-Liquid and 
Liquid-Liquid Systems as a Function of Composition 
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Abstract 0 The dielectric constant of a solid substance in the dissolved 
state may be found by using a solvent with a dielectric constant that  re- 
mains invariable when the solid substance is dissolved. The slope values 
obtained from dielectric constant versus concentration plots of the solid 
substance in two solvents with different dielectric constants are extrap- 
olated or interpolated. The dielectric constant of a solid substance in the 
dissolved state also can be found directly from the dielectric constants 
of solutions of the solid in one solvent a t  two concentrations. The di- 
electric constants are converted to polarizations, and the two values allow 
calculations of the polarizations of the solvent and solute separately. From 
the polarization of the solute, one can calculate its dielectric constant (in 
dissolved state). Such a procedure is correct only if the dielectric constant 
is concentration independent. 


Keyphrases 0 Dielectric constants-solid-liquid and liquid-liquid 
systems, as a function of composition, polarizations, monoethyl ether, 
diethylene glycol, propylene glycol, methylparaben Solid-liquid sys- 
tems-dielectric constants determined as a function of composition 0 
liquid-liquid systems-dielectric constants determined as a function 
of composition 


Dielectric constants (0 are used in pharmaceutics for 
a variety of correlations, particularly concerning solubility 
(1-5) and hydrophobic-lyophobic balance (6, 7). Since 
binary or larger component number systems are frequently 
involved in basic investigations in pharmaceutics, the 
behavior of t  as a function of composition is important. 


In a binary system, t is a function of the content ( x )  of 
one of the components (A or B). For two pure liquids, A 
and B, one can introduce the respective dielectric con- 
stants t~ and tg and can estimate the dielectric constant, 
c ,  of a mixture of the two uia a weight-averaging for- 
mula: 


f = X A f A  + XBfB (Eq. 1) 
Whether x should be a volume or a weight fraction has 
been discussed previously (7 ,8)  and will be addressed in 
a subsequent article. 


If one component (A) is a solid, then Eq. 1 cannot be 
used directly unless one knows t~ in a dissolved state (ti). 
Thus, there is a need for establishing ti for substances that 
are solid at room temperature (or other temperatures of 
investigation). This requirement is particularly important 
(9) if one evaluates macroscopic properties (e.g., hydro- 
phile-lipophile balance) for a series of compounds where 
one or more are solid and the remainder liquid at  room 
temperature. In such a case, one would be forced to work 
at  temperatures above the melting point of the highest 
melting substance in the series, and this can introduce 
other problems, both experimental and theoretical. 


This article deals with two methods of obtaining t l  for 
a substance that is solid at the temperature of investiga- 
tion. 


EXPERIMENTAL 
Materials-Analytical grade materials were used as received. As 


shown in Table I, various dielectric constants were obtained by mixing 
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Figure 1-Dielectric constant of monoethyl ether of diethylene gtycol 
with various amounts of propylene glycol (Table I ) .  These values are 
expressed as volume fractions (0)  and weight fractions (0). 
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the monoethyl ether of diethylene glycol1 with either propylene glycol 
or water in various proportions. Other dielectric constants were obtained 
by use of other solvent8 (as a check for solvent n0nspecificity)-uit., 
polyethylene glycol 4002, triethylene glycol3, and mixed mono- and di- 
glycerides of saturated C1~18 fatty acids4. Methylparaben USPs was used 
as the solute. 


Determination of Dielectric Constant-The solutions were pre- 
pared without volume adjustment, equilibrated thermally in a thermo- 
static bath at 25O, and brought to volume with solvent. After their den- 
sities were determined (to allow concentration conversions), the solutions 
were placed in the cell of a Q-meter6 to measure dielectric constants. The 
cell was thermostated a t  25 f 0.lo, and the dielectric constant was de- 
termined at 1340 kHz. The apparatus was equipped with a “powder cell,” 
which, in a similar fashion, allows measurement of the dielectric constant 
of a solid. 


Determinations were made a t  nine different concentrations in each 
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MOLE FRACTION OF METHYLPARABEN 


Figure 2-Effect of mole fraction of methylparaben on the dielectric 
constant in solutions in monoethyl ether of diethylene glycol. 


1 Gattefosse, SFPA, St. Priest, France. 
2 Hoechst Chemical Co., Hoechst, West Germany. 
3 Rhone-Poulenc Chemical Co., Paris, France. 
4 Labrasol Solvent, Cattefoas, SPFA, St. Priest, France. 
6 Merck & Co.. Rahway. N.J. 
6 Q-metre Ferisol T 803 A, Geffroy et Cie, Paul-Vaillant-Couturier, 78 Trappes, 


France. 
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Table I-Solvents Used in Mixtures for Dielectric Constant Measurements 


Dielectric Volume Mole Weight 
Solvent B Fraction Fraction Fraction Constant, 25O Solvent Solvent A 


1 .o 1 .o 1 .o 13.3 
2 Monoethyl ether of diethylene glycol Propylene glycol 0.715 0.928 0.709 17.6 


4 Monoethyl ether of diethylene glycol Propylene glycol 0.454 0.321 0.443 21.3 
5 Monoethyl ether of diethylene glycol Propylene glycol 0.240 0.144 0.231 24.9 
6 Monoethyl ether of diethylene glycol Propylene glycol 0.170 0.100 0.163 26.1 
7 Monoethyl ether of diethylene glycol Propylene glycol 0.100 0.050 0.096 27.5 
8 -  Propylene glycol 0.000 0.000 0.000 28.5 


10 Monoethyl ether of diethylene glycol Water 0.869 0.471 0.868 23.9 
11 Monoethyl ether of diethylene glycol Water 0.823 0.386 0.821 26.6 
12 Monoethyl ether of diethylene glycol Water 0.792 0.337 0.791 29.6 


1.00 1.00 1.00 14.0 
1.00 1 .oo 1.00 23.5 
1.00 1 .00 1.00 9.9 


1 Monoethyl ether of diethylene glycol - 


3 Monoethyl ether of diethylene glycol Propylene glycol 0.617 0.899 0.606 18.9 


9 Monoethyl ether of diethylene glycol Water 0.909 0.571 0.908 20.8 


13 Polyethylene glycol 400 - 
14 Triethylene lycol - 
15 Mono- and Jglycerides of saturated - 


C 1 ~ 1 8  fatty acids 


I- z 


v) 
2 


0 


2 2 5 -  


.8 
z 2 0 -  


!!! 
5 -I 


0 1 5 -  


of the 15 solvents listed in Table I. Measurement of the dielectric constant 
of solid methylparaben also was carried out by measuring the dielectric 
constant of a suspension in a mixture of chloroform and the monoethyl 
ether of diethylene glycol1 having a density matching that of methyl- 
paraben. This was done to minimize settling during the dielectric constant 
determination. 


MOLE FRACTION 
0.05 0.1 0 


110 z 
0 
!- 2 


0 
a c 


76 N 
75 


3 
4 
ti 105 


2 74 4 
73 o 


100 72 o 


0 0.1 0.2 0.3 
b I I I MOLE FRACTION 


RESULTS AND DISCUSSION 
A typical set of dielectric constants plotted versus composition of a 


liquid-liquid binary mixture is shown in Fig. 1. Plotting is carried out as 
a function of both weight and volume fractions. The line shown is not a 
least-squares fit line but connects the terminal experimental points, This 
line shows that all of the experimental points lie on one side of the chord, 
indicating that there is some curvature in either case. If one includes x 
= 0, this curvature becomes more evident. 


When one component is a solid, linearity is retained, as in the case 
studied here (Fig. 2). These plots cannot be made over the entire con- 
centration range because of the limiting solubility. Good linearity of such 
plots was observed with all solvents in Table I, the correlation coefficients 
being above 0.98 for all plots with six to nine data points. Therefore, one 
can write for the dielectric constant of the solution ( f ) :  


t =  ~ N A  i ( (Eq. 2) 


where N A  is mole fraction of methylparaben and where the slope, y, and 
the intercept, {, are functions of the solvent used, i.e., are functions of 
the solvent dielectric constant, tB. 


With a solvent for which y = 0, addition of methylparaben to the sol- 
vent will not change the dielectric constant, and the dielectric constant 
of the solvent and solute will be identical. If such a procedure is adopted, 
the dielectric constant of methylparaben in the dissolved state, c!.,, can 
be found as the value of tg where y becomes zero. The least-squares fit 
values of y (slopes) from the solvents in Table I are shown in Fig. 3 as a 
function of the solvent dielectric constant. This plot is linear, and the least 
squares fit of the line is given by fB = -20.75~ + 21.0. The ordinate in- 
tercept occurs at 21.0 f 0.6. At this dielectric constant, the solution will 
have a dielectric constant that is concentration independent. 


For accuracy, it should be noted that the rationale for weighted aver- 
aging (Eq. 1) is based on polarizations, P (lo), rather than on dielectric 
constants. Polarizations of molecules in the condensed states are usually 
determined in the following fashion. The substance (with a molecular 
weight of M A )  is dissolved in a solvent of molecular weight MB. The mole 
fractions of the solute and solvent are N A  and NB.  respectively. The di- 
electric constant, e, of this binary mixture is then measured. This pro- 
cedure allows calculation of the composite polarization, P: 


(Eq. 3) 


where p is the mixture density. The composite polarization is assumed 
to he related to the individual polarizations, PA and PB (81, by the rela- 
tion: 


P =  NAPA + NBPA = (PA - PB)NA + PH (Eq. 4) 


since: 


N A  + N B =  1 (Eq. 5) 


If t is not composition dependent, then Eqs. 3 and 4 can be combined 
to: 


where Q = (t - 1)/(t + 2). Equation 6 has the unique solution: 


PA = QMA/P (Eq. 7a) 


and: 


PB = QMdP (Eq. 7 b )  


allowing direct evaluation of PA from f .  If t is concentration dependent, 
then the direct transition from Eq. 5 to Eq. 7a is not necessarily valid. 
For this reason, the dielectric constant of methylparaben in various sol- 
vent mixtures was determined. When conversions to polarization values 
are carried out according to Eq. 3, plots such as Fig. 4 result and Eq. 4 is 
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Table II-Slopes and Intercepts of Graphs Plotted According 
to Eq. 4 for Methylparaben 


Dielectric P(1) 


25”” R* nc Intercept Slope 1 
Constant, atNA = 


17.6 0.985 8 98.8 27.7 121.4 
18.9 1.000 8 94.8 26.8 121.5 
21.3 1 .000 8 88.4 32.6 121.0 
23.5 0.998 9 106.1 16.8 122.8 
21.3 1 .ooo 7 78.6 42.7 121.3 
28.5 1.000 5 51.7 69.7 121.4 
23.5 0.986 8 117.6 3.33 120.9 
13.3 0.994 7 109.2 15.3 124.5 
23.9 1 .ooo 9 101.7 21.0 122.7 
20.8 0.998 9 108.4 13.8 122.2 
29.6 0.999 9 100.5 22.7 123.2 
24.9 0.999 6 73.6 48.3 122.0 
26.1 1 .ooo 5 71.4 49.8 121.2 
27.5 1 .ooo 5 69.4 51.5 120.7 


Solvents are listed in Table I. b Correlation coefficient. Number of points from 
which the least-squares parameters were determined. 


obeyed. The least-squares statistics for these lines are shown in Table 
11. 


According to Eq. 4, if extrapolation is carried out to NA = 1, a value 
is obtained for the polarization of the solute, i.e., f A  = P(l) ,  where the 
latter is the extrapolated value. These values are listed in Table 11; even 
though the extrapolation is long, there is good agreement. By inserting 


the average of these values (122.7), the density of methylparaben (1.09 
g/cm3)), and its molecular weight (152) into Eq. 7a, one obtains: 


f - 1  
f + 2  


Q=-= PAP/MA = 1.09(122.7/152) = 0.88 (Eq. 8) 


This equation gives t = 21.8, which coincides with the previously quoted 
value y = 21.0 f 0.6. This value may rationally be denoted ch,  i.e., the 
dielectric constant of the methylparaben in the dissolved state. This result 
differs significantly from values obtained by using a solids cell in the 
Q-meter [ f A  (solid) = 2.701 and suspension techniques (c = 5.8). 
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Abstract  0 Ionization constants for acid functions of D-penicillamine, 
I,-cysteine, thiornalic acid, and thioglucose were measured by pH titration 
at 37’ and 0.15 M ionic strength. Chelate formation constants for these 
ligands with calcium(II), iron(III), and gold(1) were then determined under 
the same conditions chosen to approximate the in uiuo situation. Only 
iron(I11) formed both 1:l and 1:2 chelates with D-penicillamine, L-cys- 
kine, and thiomalate; calcium formed weak and gold strong 1:l complexes 
with all ligands studied. Because of precipitate formation, the stability 
constants for the systems thioglucose-iron(IIl), D-penicillamine-gold(I), 
and L-cysteine-gold(1) had to be determined indirectly with thiomalic 
acid as the competing ligand. The in uiuo fate of antiarthritic gold(1) 
compounds remained uncertain, but gold(]) chelates probably persist 
as such for extended periods. 


D-Penicillamine (I), 3-mercapto-D-valine, is the ac- 
cepted therapeutic agent for the treatment of Wilson’s 
disease (1, 2) and cystinuria (3, 4). Compound I is also a 
well-known antidote in lead and mercury.poisoning (5-7) 
and has been investigated as a protective agent against 
radiation (8). It has been approved for rheumatoid arthritis 
therapy (9) in several countries but not in the United 
States because of some potentially severe side reactions. 
However, I success rates in rheumatoid arthritis treatment 


~ 


Keyphrases Penicillamine-acid dissociation and metal complex 
formation constants with calciurn(II), iron(III), and gold(]), simulated 
biological conditions 0 Cysteine-acid dissociation and metal complex 
formation constants with calciurn(11). iron(IIr), and gold(]), simulated 
biological conditions a Thiomalic acid-acid dissociation and metal 
complex formation constants with calcium(lr), iron(m), and gold(]), 
simulated biological conditions Thioglucose-acid dissociation and 
metal complex formation constants with calcium(]]), iron(III), and gold(]), 
simulated biological conditions Gold complexes-stability constants 
of antiarthritic gold(]) complexes and penicillamine and cysteine, sim- 
ulated biological conditions Iron(I11) and calcium(l1) complexes-with 
penicillamine, cysteine, thiomalic acid, and thioglucose, simulated bio- 
logical conditions 


are at  least as high as those with the established drugs 
aurothioglucose (11) and aurothiomalate (III), and dan- 
gerous toxic side effects can largely be avoided by careful 
monitoring of the patient’s blood (10). 


The mode of action of I in cystinuria is well under- 
stood-the mixed disulfide (IV) formed with cysteine (V) 
is more soluble than cystine (VI) (11). The therapeutic 
value in Wilson’s disease as well as in the treatment of 
heavy metal poisoning results from its strong in uiuo metal 
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ticipated results. In contrast to the ointment, where a plateau drug level 
of 30-40 ng/ml was achieved, both gels (three animals in each trial) gave 
negligible (<1 ng/ml) plasma nitroglycerin concentrations over 4 hr. The 
i n  uioo absorption data did not correlate with the i n  uitro release re- 
sults. 


The composite data suggest a specific skin-vehicle interaction with 
the ointment, which has the net effect of increasing nitroglycerin per- 
meability or decreasing the effective skin barrier thickness. Alternatively, 
poor nitroglycerin absorption from the neat material, alcoholic solution, 
and polyethylene glycol gels may have arisen from unfavorable interac- 
tions with the skin. A recent study showed that benzocaine diffusion 
through human stratum corneum decreased in the presence of relatively 
high amounts of low molecular weight polyethylene glycol (23). These 
researchers also showed that polyethylene glycol significantly affected 
the surface structure of the stratum corneum. These effects may be tested 
by comparing the absorption of a marker chemical following application 
of neat nitroglycerin or polyethylene glycol gels on the skin to absorption 
through untreated skin. 


The ointment may increase transdermal nitroglycerin delivery by in- 
hibiting skin metabolism. Enzymatic process in the skin and consider- 
ations of the skin as an active metabolizing barrier were discussed recently 
(24,25). Previous studies also showed a total body nitroglycerin clearance 
from the rat in excess of reasonable hepatic clearance (26), suggesting 
extensive tissue degradation of this drug. The skin may represent a 
first-pass metabolic site for topically applied nitroglycerin. Interference 
with this process can affect the amount of intact nitroglycerin reaching 
the systemic circulation. This aspect of nitroglycerin transdermal delivery 
will be investigated. 
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Abstract  0 The kinetics of dopamine oxidation by dialkylaminoalkyl- 
phenothiazine cation radicals (with two- or  three-carbon side chains) were 
investigated. The two-carbon side-chain derivatives have reaction rates 
higher than the three-carbon ones. For chlorpromazine and promazine, 
extrapolation of pH 1-6 data shows that reaction rates become very fast 
a t  physiological pH. 


Keyphrases o Dopamine-oxidation by phenothiazine cation radicals, 
kinetics, structure-activity relationships 0 Phenothiazine deriva- 
tives-oxidation of dopamine, kinetics, structure-activity relationships 
o Structure-activity relationships-phenothiazine cation radicals, ox- 
idation of dopamine, kinetics 


Several reports (1-4) pointed out that transformation 
of chlorpromazine [2-chloro-N,N-dimethyl-lOH-pheno- 
thiazine-10-propamine] (I) is necessary for some in uitro 
enzyme inhibitions. A I intermediate, the cation radical 


[obtained also in uiuo (5)), was shown to inhibit (Na+, K+) 
adenosine triphosphatase (6). The cation radical also in- 
hibited microsomal brain enzyme (7) and uridine di- 
phosphate glucose dehydrogenase (8). 


612 1 Journal of Pharmaceutlcal Sciences 
Vol. 68, No. 5, May 1979 


0022-3549/79/0500-06 12$0 1.00/0 
@ 1979, American Pharmaceuticaf Association 







I 
R, Table I -S t ruc tu res  of Investigated Compounds and Spectral  Characterist ics of t h e  Corresponding Radicals 


~~ 


Compound RI R2 c, M-* cm-l hn, 
I Chlorpromazinea (2-chloro-N,N-dimethyl- /CH, CI 11.2 f 0.5 523 


10H-phenothiazine-10-propanamine) -CHICHICH2N 
'CHJ 


I1 PromazineO (N,N-dimethyl-1OH- /CHi H 9.2 f 0.3 513 


\ 
phenothiazine-10-propanamine) -CH2CH2CHIN 


CHi 
I11 DietazineO (N,N-diethyl-10H-phenothiazine- ,C& H 10.5 f 0.4 511 


\CIH, 


IV Pareidola (N,N-diethyl-a-methyl-10H- / C A  H 9.5 i 0.3 515 


10-ethanamine) -CHXH.N 


phenothiazine-10-ethanamine) -CH.CHN 
I \CIH5 


CHI 
V PromethazineO (N,N,a-trimethyl-lOH- /CHI H 9.3 f 0.4 515 


phenothiazine-10-ethanamine) -CH CHN I 'CH, 
CHI 


phenothiazine-10-ethanamine) 4 H C H  N 
VI Isopromethazine" (N,N,@-trimethyl-lOH- /CH, H 8.8 f 0.4 524 


I 'CHI 
CH , 


0 RhBne-Poulenc. France. 


Barras and Coult (9) observed that phenothiazine 
tranquillizers accelerated enzymatic biogenic amine oxi- 
dation while phenothiazines lacking clinical tranquillizing 
activity had no effect. L$vstad (10, l l ) ,  investigating cer- 
uloplasmine-catalyzed phenothiazine oxidation, found 
that a three-carbon side chain was essential for a rapid 
enzymatic oxidation to the cation radical and for further 
oxidation by the same cation radicals of biogenic 
amines. 


A previous paper reported the oxidation kinetics of 
tricyclic amines to the corresponding radicals with Ce(Iv) 
(12); cation radical formation rates decreased while the 
reduction potentials increased, passing from the drugs with 
antidepressant action [imipramine (5H-dibenz[b,f]aze- 
pine-5-propanamine, l0,ll-dihydro-N,N-dimethyl) and 
lO(9H)-acridinepropanamine, N,N,9,9-tetramethyl (di- 
metacrine)] to dialkylaminoalkylphenothiazines with a 


1.1 pH 30 
Ib) pH 35  
Ic l  pH 40 


0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
[DOPAMINE], m M  


0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
[DOPAMINE], m M  


Figure I-Pseudo-first-order rate constants from VII concentration 
a t  different p H  values (for I I ) .  


two-carbon side chain and then to dialkylaminoalkyl- 
phenothiazines with a three-carbon side chain. 


In the present study, the reduction kinetics of pheno- 
thiazine cation radicals with different pharmacodynamic 
activities (Table I) by dopamine [ 1,2-benzenediol-4-(2- 
aminoethyl)] (VII) are investigated. 


EXPERIMENTAL 


Reagents-The phenothiazine compounds (I-VI, Table I)  were em- 
ployed as chlorhydrates. Compound VII' and potassium exachloriridate 
were reagent grade. 


Procedure-Cation radical solutions were obtained immediately 
before use either by adding potassium exachloriridate in slight deficiency 
to a solution of phenothiazine derivatives or by platinum electrode 
electrooxidation. Unoxidized phenothiazine had no effect on kinetics. 
The kinetic runs were carried out with a stopped-flow spectrophotometer2 
a t  the wavelength of maximum cation radical absorption (Table 1). The 
cell path length was 2.00 cm. 


Measurementa were performed a t  different acidities: the pH Q 3 was 
ohtained with perchloric acid, while the pH 3-6 range was  obtained with 
potassium phthalate buffers. The  pH measured by the potentiometer" 
was constant within 0.05 unit. 


Pseudo-first-order conditions were chosen when possible; second-order 
conditions were adopted for the faster reactions. The cation radical 
concentration ranged between 5.0 X M; the VII 
concentration ranged between 5.0 X and 5.0 X M. 


The rate constants were evaluated by the least-squares method. Cation 
radical instability allowed a wide pH range investigation of I and I1 only; 
for other derivatives, only high acidity 0.1 M HClO4 runs were performed. 
Since many radicals are unstable at high pH, the cation radical solutions 
were obtained at pH 3-6 with 1.0 X 10-3 M HC104 and mixed with the 
solution of VII buffered a t  the desired pH. (The final pH variation was 
within 0.1 unit.) The cation radical decomposition rates, reported pre- 
viously (13), were negligible compared to the ones in this study. 


The initial cation radical concentration was estimated, when second- 
order conditions were used, by initial transmittance. Kinetic runs were 
carried out a t  25' and, for I and 11, at 35'. 


and 5.0 X 


Dopamine, Merck. Schuchardt. 


Polymetron 42/B. 
* Durrum-Gibson, Palo Alto, California. 
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Table 11-Pseudo-First-Order Constants for  Reaction between 
I1 Cation Radical a n d  V11 at 25" at Different AciditiesP 


pH 
VII. mM 1.0Ob 2.00* 2.52c 3.00" 3.50d 4.00" 4.60a 


5.31 / *  


~~~ 


0.050 - - - l.25 - 8.6 - 
- - 5.8 - 33 0.060 - 


0.070 - - - 1.85 - 12 - 
- - 8.4 - 58 0.090 - - 


2.8 - 17 - 0.100 - 
- - 10 - 74 0.120 - - 


13 - 0.15 
17 - 0.20 - 4.7 6.2 9.0 - - - 0.30 


0.40 2.18 - 
0.50 3.40 7.8 8.8 - - - - 
0.55 
0.70 4.30 10.5 12 22 - - - 
0.90 - 
1 .oo 
1.50 
5.00 27.0 - 


- 


- - 


- - - - - 
- - - - - 


- - - 12 - 


17 - 


13 - 27 - 


25 - 


- - - - - 
- - 


- - - - - 17 - - - - - - 
- - - - - 


(I For pH 1.0-4.6. other kinetic runs were performed also in second-order condi- 
tions. For pH >4.60, the runs were performed in second-order conditions. 5.0 X 
10-6 M I1 cation radical. 2.5 X M I 1  cation radical. 5.0 X M 11 cation 
radical. 


RESULTS AND DISCUSSION 


Stoichiometty-By adding successive VII aliquots to a cation radical 
solution in 0.1 M HCIO4, the decrease in absorbance a t  the proper 
wavelength was measured and the stoichiometric ratio was determined. 
The overall reaction can be depicted as: 


2P+. t H3D+ - 2P t DQ+ t 2H' 
Scheme I 


where P represents the phenothiazine derivative, P+. is the corresponding 
cation radical, HxD+ is the fully protonated VII, and DQ+ is the pro- 
tonated dopamine quinone VIII. 


Since the H3D+/DQ+ reduction potential is -0.78-0.79 v (14,15), the 
reaction is shifted toward the right side with phenothiazine derivatives 
that exhibit higher reduction potentials or a higher pH. In the kinetic runs 
with less oxidizing cation radicals and excess VII, T, transmittance a t  
equilibrium came very close to 1.00. At pH 5, VllI can produce the cor- 
responding, aminochrome (16); however. the aminochrome formation 
rate is negligible compared to the reaction rates in this study (17). 


Reaction Kinetics-In pseudo-first-order conditions, plots of In(At 
- A,) (where A, and A, represent the absorbance a t  equilibrium and 
a t  time t ,  respectively) as a function of time were linear for a t  least 80% 
of the reaction process (Table 11). 


The observed rate constants also exhibited a linear dependence on the 
VII concentration (Fig. 1). With second-order conditions, the related 
second-order plots were also satisfactorily linear. When the reaction rate 


I 
0 1 2 3 4 5 6 


PH 
Figure 2-The p H  dependence of second-order rate constants, k, for 
VII oxidation with cation radicals (I and 11) at 25". The points (0  for 
11 and u for I) are experimental data. The curues were computed ac- 
cording to Eq. 2 with the ualues reported in Table Ill. 


0.75 O.$O 0.85 
€ 0  


Figure 3-Log k l  versus Eo plot of different phenothiazine cation 
radicals. 


was first order and dependent on each reagent concentration, the fol- 
lowing rate law pertained 


(Eq. 1) 


where [dopamine] represents the stoichiometric VII concentration. The 
observed rate constant values are reported in Table 111. 


pH Dependence-The data reported in Table I11 show that the rate 
constants were affected by the solution pH. This pH dependence can be 
explained by the different VII protonation states represented by: 


--I ld[P+'l k [P+] [dopamine] 
2dt 


K 
H3D+ & H2D HD- 


H* H+ 
Scheme I1 


where pK1 = 9 and pK2 z 10 (18). 
Recent research (18) suggested that these dissociation constants rep- 


resent competitive deprotonation and cannot be assigned to the ammo- 
nium or phenolic groups. 


The acidity dependence can be ascribed to competitive paths such 
as: 


P+' + H3D+ -% P + H2D+. + H+ 
Scheme I l l  


Table Ill-Second-Order Constants fo r  Reaction between VII 
a n d  Different Phenothiazine Cation Radicals at 25" 


DH I I1 Ill IV V VI 


0.5 - - 1.2 X 1.6 X lo5 - 2.1 x 105 
105 


1.0 3.75 x 104 5.9 x 103 - - 1.75 x 105 1.9 x 105 


2.5 - 8.9 x 103 - 
3.0 - 1.32 x 104 - 


4.6 - 3.06 x 105 - 


- 2.0 7.1 x 104 6.7 x 103 - - - 


3.5 1.2 x 105 3.13 x 104 - - 
4.0 2.5 X lo5 9.36 X lo4 - - - 


5.0 2 X 106 8.5 X lo5 - - - 
6.0 1 X lo7 6.7 X lo6 - - - - 


- - - 
- - - 


- - 
- 


- - - 
- 


Table IV-VII Oxidation Ra te  Constants with Different Cation 
Radicals at 25" 


Compound Eo kl, M-1 sec-' k&l, sec-' 


I 0.78 (3.7 f 0.4) x 104 (20 f 8)  
I1 0.72 (6.0 f 0.8) X lo9 (7.9 f 0.9) 


111 0.83 (1.2 i 0.1) x 105 - 
IV 0.86 (1.6 0.2) x 105 - 
V 0.865 (1.75 i 0.2) x 105 - 


VI O.8B5 (2.1 f 0.2) x 105 - 
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P+. + HzD k P  + H*D+. 
Scheme IV 


and then follows the fast reaction: 


P+’+ H2D --* P + DQ+ + H+ 
Scheme V 


This leads to the rate law: 


which with K’[H+]-’ << 1 in the pH range investigated reduced to: 


Figure 2 compares the experimental points and a curve calculated with 
Eq. 3. The parameters k1 and, when available, k&1, were collected and 
were AH+ = 7.3 f 1.1 kcal/mol and AS# = -17 f 4 cal deg-’ mole-’ for 
path I and AH# = 4.8 f 1.3 kcal/mole and A S +  = -38 f 4 cal deg-1 
mole-’ for path 11. These values are overall data, including the contri- 
bution of dissociation constant K1 and of the diffusion-controlled 
term. 


CONCLUSIONS 


For the observed reaction between a cation radical and an organic 
substrate, an electron-transfer mechanism can be proposed (19-21). 
When this mechanism is operating, a relationship between the reaction 
rates and the oxidizing agent reduction potentials is expected (22, 23). 
This provision is fulfilled for the acid-independent path. In fact, where 
the phenothiazine derivative reduction potentials are reported (12), the 
compounds with higher reduction potential exhibit the higher reaction 
rates (Table IV). This can be seen in Fig. 3, where a linear relationship 
between log kl and En is shown. The acid-independent path, however, 
although investigated for only two compounds, shows a close rate, k z K I .  
[In fact, while the ratio of kl(II)/k , (I)  is 6.2, the ratio of kz(II)/kz(I) is only 
2.5.1 


The values of the specific rate constant k:! could be estimated by 
knowing KI, for which the value around molehiter can be suggested 
(19-21). This procedure leads to k:! values of 7.9 X lo9 and 2.0 X 1010 liters 
mole/sec for I and 11, respectively, which are very close to the diffusion- 
controlled limit (24). 


When such conditions are reached, the contribution of the activa- 
tion-controlled reaction can be expressed by (25): 


(Eq. 4) 


Consequently, it should be possible, knowing kdlff, to derive k,,,, the 
activation-controlled electron-transfer rate. If kdiff = 3.0 X 10’’ liters/ 
mole sec (24), it follows that k,,, = 1.0 X 1O’O and 6.0 X 1O1O liters/mole 
sec for 1 and 11, respectively. The ratio kzact(ll)/kzact(l) should be ap- 


proximately equal to that observed for the ratio of an independent path. 
This suggests that  the rate of path electron transfer is also related to the 
oxidizing species reduction potentials. Obviously, this agreement could 
be fortuitous, owing to the uncertainty on k l  and kdiff. The observed rate 
constants become very fast a t  physiological pH. With these conditions, 
VII oxidation coulct be a way of disappearance of I and I1 cation radi- 
cals. 


Since dialkylaminoalkylphenothiazines with two-carbon side chains 
have a higher reduction potential, their cation radicals show a quicker 
oxidation reaction than the ones with three-carbon side chains. There 
is, therefore, a correlation between VII oxidation rates and the side-chain 
structure. The higher cation radical oxidation potential of derivatives 
with two-carbon side chains could explain their different behavior (11) 
in enzymatic oxidation of VII. This parameter might also explain the 
difference in their pharmacodynamic activities. 
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COMMUNICA TIONS 


Equations for 
Estimation of First-Pass Effect and Apparent 
Distribution Volume of Drug with Incomplete 
Oral Absorption and Partial Renal Excretion 


Keyphrases 0 First-pass effect-estimation and distribution volume, 
drugs with incomplete oral absorption and partial renal excretion 0 
Distribution volume-estimation and first-pass effect, drugs with in- 
complete oral absorption and partial renal excretion 0 Absorption, GI, 
incomplete-estimation of first-pass effect and distribution volume 0 
Excretion, renal, partial-estimation of first-pass effect and distribution 
volume 


To the Editor: 
Equations assuming complete absorption have been 


used to estimate the degree of pulmonary (1) and hepatic 
(2,3) first-pass effect and the apparent distribution volume 
(1,3) after oral dosing of drugs having partial pulmonary 
and renal excretion. The purpose of this communication 
is to present general equations that can be used when a 
drug is known to be absorbed only partially from the dos- 
age form. 


Based on the previously derived equations (l), the ex- 
tent of the first-pass effect or the hepatic extraction ratio, 
designated as f m ,  is: 


(Eq. 1) 


where F,  is the hepatically metabolized drug fraction after 
intravenous administration or after entry into the general 
circulation through other routes of administration, F is the 
dose fraction available for GI absorption from the dosage 
form, HFR is the hepatic blood flow rate, and AUC, is the 
total area under the blood concentration uersus time curve 
at infinite time. 


The apparent volume of distribution, v d ,  based on the 
area method can be estimated by: 


(Eq. 2) 


where K t  is the first-order rate constant of the terminal 
postabsorption and postdistribution phase. 


Similar equations can be derived for drugs that are 
partially absorbed and partially excreted from the lung and 
kidney. 
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N-Benzoyl Derivatives of Amino Acids and 
Amino Acid Analogs as Inhibitors in 
Microbial Antitumor Screen 


Keyphrases 0 Antineoplastic agents, potential-amino acids, N-benzoyl 
derivatives, microbial screen Amino acids, N-benzoyl derivatives- 
potential antineoplastic agents, microbial screen 


To the Editor: 
For some time, we have been studying the N-acylated 


derivatives of amino acids and amino acid analogs as pos- 
sible antitumor agents (1-3). Certain chloroacetylated (1, 
3) and trifluoroacetylated (4) amino acids and amino acid 
analogs were found to be active inhibitors of the growth of 
a microbial system selected for antitumor screening. The 
degree of inhibition ranged from about 20 to 50%. 


With the hope of increasing the activity of these com- 
pounds by giving them more lipophilic character, the 
benzoyl and ring-substituted benzoyl derivatives were 
prepared. The acylation was accomplished by the con- 
ventional Schotten-Baumann procedure (5). The purity 
of these compounds was ascertained by elemental analysis, 
melting-point determination, optical rotation determi- 
nation where applicable, and Van Slyke nitrous acid de- 
termination of the primary amino nitrogen (6). The mi- 
crobiological assay system utilized was Lactobacillus casei 
(7469) in a riboflavin-supplemented riboflavin assay sys- 
tem (3). 


Mercaptopurine, a known and accepted antitumor 
agent, assayed concurrently with the test compounds, 
showed an inhibition of about 54% at a final concentration 
of 0.1 mg (0.6 pmole)/ml in this test system. Growth was 
determined turbidimetrically (3). Initially, the activity was 
determined at  1 mg/ml, in accord with the screening pro- 
tocol (7), and the nine most active compounds were com- 
pared on an equimolar basis at 4.47 pmoles/ml, the final 
concentration. This concentration is equivalent to 1 mg of 
chloroacetyl-P-hydroxy-D-norleucine B/ml, the compound 
previously found to be the most active in these studies 
(2). 


Of the 28 benzoyl compounds tested, the nine listed in 
Table I showed pronounced activity, greater than that 


Table I-Effect of Equimolar Concentrations of N-Renzoyl 
Derivatives of Amino Acids and Amino Acid Analogs on the 
Growth of L. casei 7469 


Inhihition", 
Compound 1% 


N-Henzoyl-o-fluoro-I)l.-phenylalanine 8 2  
N-Henzoyl-rn -fluoro-r,l.-phenylalanine 96 
N-Henzoyl-p-fluoro-ul.-phenylalanine $2 
N-Benzoyl-lj-2-thienyl-~1.-alanine 76 
N-Benzoyl-d-:\-thienyl-l)l,-alanine 56 
Ni'-Benzoyl-l.-tryptophan 74 
N-Renzoyl-p-chloro-~)~,~phenylalanine 94 
N'r-Benzoyl-p -nitro-1.-phenvlalanine 78 
N'~-p-Nitrohenzoyl-~.-ph~nylalanine 78 


Maximum growth in inoculated riintriil tul)i*s cimtainin~ 111) tcsl  co111piit1nd. 
inetisured turhidimetricollv, was I66-17:l Klrtt units. 'I ('iincentr;itiiin was .1:17 
pmdes/ml and wits the final riinceiitratiiiti i n  the iissiiv s y a t i m .  
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prepared using an automatic TLC plate coater3. Plates were dried at 40' 
and activated by heating a t  l 0 5 O  for 15 min just prior to use. 


Solvent-Ethyl acetate-methanol-water-concentrated ammonium 
hydroxide (15040355)  was mixed and transferred to the chromato- 
graphic chamber just prior to use. 


Chamber-A paper-lined glass tank, -30 X 9 X 27 cm, was saturated 
with solvent just prior to use. 


RESULTS AND DISCUSSION 


Essentially complete extraction of dyes from the tablet-coating for- 
mulation was indicated hy the lack of color in the centrifuged solid resi- 
due. Development of the thin-layer chromatogram required about 50-60 
min. 


The R/ values were not affected by applying all dyes in combination 
or by varying quantities applied from 0.1 to 10 pg. Other components of 
the tablet-coating formulations had no effect. 


Average R, values for the 20 dyes are shown in Table 1. The spots were 


Camag model 21 6O2, Muttenz, Switzerland. 


generally compact horizontal bands that were visually distinct even when 
the R/ values were very close. Distinction was aided by hue differences 
even among dyes of the same color group. The possibility of discrimi- 
nating among all dyes of a given color group was confirmed by applying 
mixtures. Any of several similar published systems (2 ,3)  probably could 
be used to resolve any possible confusion. 


The method has been applied successfully to more than a dozen dif- 
ferent color-coating formulations to date. 
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Abstract 0 The official GLC method of the Association of Official An- 
alytical Chemists (AOAC) for determining vitamin E was modified and 
collaboratively studied for the National Formulary (NF). The internal 
slandard hexadecyl hexadecanoate (cetyl palmitate) was substituted for 
the dotriacontane used in the AOAC method, and some other minor 
changes were made. Eleven samples, representing all types of NF for- 
mulations and NF hulk materials, were analyzed by 1 I laboratories. The 
coefficients of variation of the reproducihility and repeatability were 4.5 
and 2.4% respectively, for all laboratories and samples. The values were 
3.4 and 1.6%. respectively, when the one laboratory statistically deter- 
mined to he an outlier was excluded. The coefficients of variation of re- 
producibility and repeatahility for a-tocopheryl acid succinate were 2.1 
and l.%, respectively. All of these values lie within the 5% limit required 
hy the NF. 


Keyphrases 0 Vitamin E-GLC analysis, collaborative study of 11 
samples by 11 laboratories GLC-analysis, vitamin E. collaborative 
study of 1 1  samples by 11 laboratories 


Interest in GLC as compendial or official methodology 
for the quantitative measurement of a-tocopherol, cu-to- 
copheryl acetate, and a-tocopheryl acid succinate has 
developed during the past 10 years. Sheppard et al. (1) 
conducted a collaborative study of a GLC method for de- 
termining vitamin E and demonstrated the superiority of 
GLC over the colorimetric method (2, 3). An external 
calibration procedure was used for calculating the quantity 
of specific vitamin E isomers in pharmaceutical prepara- 
tions. The Association of Official Analytical Chemists 
(AOAC) adopted the GLC method (4 ,5) .  


BACKGROUND 


An extensive collaborative study of the GLC method for determining 
vitamin E was initiated in April 1970 by the Pharmaceutical Manufac- 
turers Association Quality Control Section (PMAQCS) a t  the request 


of the National Formulary (NF) for a better, more specific compendial 
assay for vitamin E and vitamin E decavitamin preparations (6). A pre- 
liminary intralahoratory GLC study comparing the dotriacontane in- 
ternal standard method with the AOAC external standard method 
showed no significant difference in the results. Since the two calibration 
methods were apparently equally valid, the less complicated internal 
standard method was chosen for the PMAQCS study. 


The GLC method was again demonstrated to be more specific and 
rapid than the compendial colorimetric methods (2, 3). The internal 
standard calibration method used in the I'MAQCS study gave improved 
precision over that of the AOAC method (l),  which used an external 
calibration technique. On the basis of the PMAQCS study, the AOAC 
adopted the GLC method with the dotriacontane internal standard as 
a primary calibration method; the external standard method became an 
alternative calibration method (7). 


Concurrently, the NF staff was studying the PMAQCS collaborative 
study results and planned to include a GLC method based on that study 
in NF XIV (8). However, this GLC method was the subject of much dis- 
cussion and debate. Therefore, the NF decided to adopt the AOAC 
method as an interim method until a generally agreed-upon GLC method 
could be studied collaboratively. The NF incorporated the AOAC 
method, without the external calibration alternative, into NF XIV (8). 


A meeting of' persons from domestic and foreign industry, the AOAC, 
and the Food and Drug Administration was held in 1974 to resolve various 
issues and to agree upon methodology. Hexadecyl hexadecanoate (cetyl 
palmitate) was chosen to replace dotriacontane as the internal standard. 
Electronic integration was considered mandatory. Other minor modifi- 
cations were made in the AOAC method, and the revised method was then 
converted to NF monograph form and circulated to the attendees for 
approval. The method was then collaboratively studied in 1975.The re- 
sults of that study are presented here. 


EXPERIMENTAL 


Method-The collaborators were instructed to follow the official 
AOAC method (7) with the following changes: column temperature, 
245-265O; and inert carrier gas flow, adjusted so that the wtocopheryl 
acetate peak appears about 20 min after sample injection. 


The internal standard solution is prepared by dissolving 500 mg of 
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Table 11-Statistical Summary of Collaborative Results of GLC Analysis of Vitamin E 
Sampleu 


Statistic 1 2 3 4 5 6 7 8 9 10 11 
~~ 


All laboratories 
Mean 385.9 203.0 306.0 289.4 953.1 1000.5 945.5 1003.0 738.9 297.3 492.5 
Reproduci hility 15.1 16.0 16.3 19.4 27.2 41.2 28.5 26.4 47.6 20.0 20.4 cv, 9h 3.9 7.9 5.3 6.7 2.9 4.1 3.0 2.6 6.4 6.7 4.2 
Re eatability 3.0 16.0 15.8 7.2 20.5 14.2 18.0 15.6 15.8 15.8 8.7 


8V.  % 0.8 7.9 5.2 2.5 2.2 1.4 1.9 1.6 2.1 5.3 1.8 


Mean 384.4 202.5 306.8 290.8 953.4 1011.0 948.5 1007.8 749.8 297.0 497.4 
Re roducibility 15.1 8.4 13.6 19.4 25.7 23.4 25.8 21.4 31.0 18.6 12.6 


8 V ,  % 3.9 4.1 4.4 6.7 2.7 2.3 2.7 2.1 4.1 6.2 2.5 


cv, 96 0.8 2.3 2.8 2.6 1.3 1.4 1.1 1.5 1.3 3.0 1.4 
For all laboratories and samples, the mean was 601.4, the reproducibility was 27.1 with a coefficient of variation of 4.5%, and the repeatability was 14.5 with a coefficient 


of variation of 2.4%. When Laboratory 5 was eliminated, the mean was 604.5, the reproducibility was 20.6 with a coefficient of variation of 3.4%. and the repeatahility 
was 9.8 with a coefficient of variation of 1.6%. 


Without Laboratory 5 


Repeatability 3.2 4.6 8.7 5.5 11.9 14.6 10.5 14.8 10.0 8.8 7 .o 


( p  < 0.01) laboratory X sample interaction. Six of the laboratories ob- 
tained consistent results for both samples. Four of the five remaining 
laboratories obtained results that were considerably higher for Sample 
10, while one laboratory reported considerably higher results for Sample 
4. Recause of the significant laboratory X sample interaction, no signif- 
icant difference ( p  < 0.05) was found between Samples 4 and 10. 


One laboratory failed to identify properly the isomer present in Sample 
10. It  was learned that the procedure had not been followed correctly. 
Therefore, in this instance, the procedure was not a t  fault. All other 
lahoraturies identified the isomer present in Sample 10. The required 
isomer identification was properly carried out for all other samples by 
all laboratories. 


CONCLUSION 


Even with the data of the poorest performing laboratory included, 
coefficients of variation of 4.5% for reproducibility and 2.4% for repeat- 
ability are within the 5% required by NF. The laboratory exhibiting the 
poorest performance can be eliminated statistically, and the resulting 
coefficients of variation are 3.4 and 1.6% for reproducibility and repeat- 
ability, respectively. The reproducibility of 2.1% and the repeatability 
of 1.5% for the wtocopheryl acid succinate are exceptionally gratifying 
since this compound is suspected of breaking down during GLC analysis 
and would be expected to exhibit larger coefficients of variation. The 
method, as collaboratively studied, appears to meet the requirements 
for an NF compendia1 method. 
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Abstract 0 Povidone-iodine USP was tested for mutagenicity in mice 
by the dominant lethal assay or micronucleus test and in Chinese ham- 
sters by the bone marrow test. None of the three tests revealed any evi- 
dcnce of mutagenic effect. 


Keyphrases Povidone-iodine-evaluated for mutagenicity in mice 
and hamsters 0 Mutagenicity-povidone-iodine evaluated in mice and 
hamsters Anti-infectives, topical-povidone-iodine. evaluated for 
mutagenicity in mice and hamsters 


According to Wlodkowski et al. (l), povidone-iodine 
blocked growth of the DNA polymerase-deficient Esche- 
richia coli strain whereas no mutagenic effects were found 


with Salmonella typhimurium in the same (Ames) test. 
In the fluctuation test, povidone-iodine was mutagenic 
only for S. typhimurium T 1530 and not for S. typhimu- 
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Table II-Slopes and Intercepts of Graphs Plotted According 
to Eq. 4 for Methylparaben 


Dielectric P(1) 


25”” R* nc Intercept Slope 1 
Constant, atNA = 


17.6 0.985 8 98.8 27.7 121.4 
18.9 1.000 8 94.8 26.8 121.5 
21.3 1 .000 8 88.4 32.6 121.0 
23.5 0.998 9 106.1 16.8 122.8 
21.3 1 .ooo 7 78.6 42.7 121.3 
28.5 1.000 5 51.7 69.7 121.4 
23.5 0.986 8 117.6 3.33 120.9 
13.3 0.994 7 109.2 15.3 124.5 
23.9 1 .ooo 9 101.7 21.0 122.7 
20.8 0.998 9 108.4 13.8 122.2 
29.6 0.999 9 100.5 22.7 123.2 
24.9 0.999 6 73.6 48.3 122.0 
26.1 1 .ooo 5 71.4 49.8 121.2 
27.5 1 .ooo 5 69.4 51.5 120.7 


Solvents are listed in Table I. b Correlation coefficient. Number of points from 
which the least-squares parameters were determined. 


obeyed. The least-squares statistics for these lines are shown in Table 
11. 


According to Eq. 4, if extrapolation is carried out to NA = 1, a value 
is obtained for the polarization of the solute, i.e., f A  = P(l) ,  where the 
latter is the extrapolated value. These values are listed in Table 11; even 
though the extrapolation is long, there is good agreement. By inserting 


the average of these values (122.7), the density of methylparaben (1.09 
g/cm3)), and its molecular weight (152) into Eq. 7a, one obtains: 


f - 1  
f + 2  


Q=-= PAP/MA = 1.09(122.7/152) = 0.88 (Eq. 8) 


This equation gives t = 21.8, which coincides with the previously quoted 
value y = 21.0 f 0.6. This value may rationally be denoted ch,  i.e., the 
dielectric constant of the methylparaben in the dissolved state. This result 
differs significantly from values obtained by using a solids cell in the 
Q-meter [ f A  (solid) = 2.701 and suspension techniques (c = 5.8). 
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Abstract  0 Ionization constants for acid functions of D-penicillamine, 
I,-cysteine, thiornalic acid, and thioglucose were measured by pH titration 
at 37’ and 0.15 M ionic strength. Chelate formation constants for these 
ligands with calcium(II), iron(III), and gold(1) were then determined under 
the same conditions chosen to approximate the in uiuo situation. Only 
iron(I11) formed both 1:l and 1:2 chelates with D-penicillamine, L-cys- 
kine, and thiomalate; calcium formed weak and gold strong 1:l complexes 
with all ligands studied. Because of precipitate formation, the stability 
constants for the systems thioglucose-iron(IIl), D-penicillamine-gold(I), 
and L-cysteine-gold(1) had to be determined indirectly with thiomalic 
acid as the competing ligand. The in uiuo fate of antiarthritic gold(1) 
compounds remained uncertain, but gold(]) chelates probably persist 
as such for extended periods. 


D-Penicillamine (I), 3-mercapto-D-valine, is the ac- 
cepted therapeutic agent for the treatment of Wilson’s 
disease (1, 2) and cystinuria (3, 4). Compound I is also a 
well-known antidote in lead and mercury.poisoning (5-7) 
and has been investigated as a protective agent against 
radiation (8). It has been approved for rheumatoid arthritis 
therapy (9) in several countries but not in the United 
States because of some potentially severe side reactions. 
However, I success rates in rheumatoid arthritis treatment 


~ 


Keyphrases Penicillamine-acid dissociation and metal complex 
formation constants with calciurn(II), iron(III), and gold(]), simulated 
biological conditions 0 Cysteine-acid dissociation and metal complex 
formation constants with calciurn(11). iron(IIr), and gold(]), simulated 
biological conditions a Thiomalic acid-acid dissociation and metal 
complex formation constants with calcium(lr), iron(m), and gold(]), 
simulated biological conditions Thioglucose-acid dissociation and 
metal complex formation constants with calcium(]]), iron(III), and gold(]), 
simulated biological conditions Gold complexes-stability constants 
of antiarthritic gold(]) complexes and penicillamine and cysteine, sim- 
ulated biological conditions Iron(I11) and calcium(l1) complexes-with 
penicillamine, cysteine, thiomalic acid, and thioglucose, simulated bio- 
logical conditions 


are at  least as high as those with the established drugs 
aurothioglucose (11) and aurothiomalate (III), and dan- 
gerous toxic side effects can largely be avoided by careful 
monitoring of the patient’s blood (10). 


The mode of action of I in cystinuria is well under- 
stood-the mixed disulfide (IV) formed with cysteine (V) 
is more soluble than cystine (VI) (11). The therapeutic 
value in Wilson’s disease as well as in the treatment of 
heavy metal poisoning results from its strong in uiuo metal 
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chelating properties (1,6,7). The mechanism of action of 
I in rheumatic disease is not yet understood, although 
theories have been advanced (12). A striking similarity 
between side effects in rheumatoid arthritis patients 
caused by gold treatment (with 11 or 111) and I therapy has 
been observed (13). 
In uiuo metal chelation by I and similar sulfur-con- 


taining amino acids has been studied (14-21), and stability 
constants for many biologically important metal ions were 
determined at  standard conditions and varying ionic 
strength. However, the formation constants of gold(1) and 
iron(II1) complexes with I and V were never measured. 
Furthermore, the stability constants of I1 and 111, the gold 
salts most widely used in rheumatoid arthritis treatment, 
were not known before this study. Acid dissociation con- 
stants (pKa) were measured previously for I, V, and 
thiomalic acid (VII), but not for thioglucose (VIII), at  
standard conditions (14,18). So far, none has been deter- 
mined at  simulated biological conditions, i.e., 3 7 O  and 0.15 
ionic strength. 


The technique chosen for this study was potentiometric 
titration of the acid protons (on the thiol, amino, and 
carboxylic functions), a method used previously with ex- 
cellent success in a similar system (14,16,17). Titrations 
of the free ligands yield the pKa values, while titration 
after addition of the metal ions allows calculation of the 
metal complex formation constants from the respective 
curves. This method also permits the indirect determi- 
nation of K /  values for inaccessible complexes by titration 
of the metal ion in the presence of two competing ligands 
(22, 23). A precipitation reaction with the systems thio- 
glucose-iron(m) and cysteine-gold(1) and the unavail- 
ability of I and V complexes with gold(r) necessitated the 
use of this indirect technique. 


EXPERIMENTAL 


Materials-D-Penicillamine', I,-cysteine2, thioglucose9, thiomalic 
acid3, sodium aur~thiomalate~, and aurothioglucose6 were standardized 
by potentiometric titration and characterized by optical rotatory dis- 
persion, NMR, and IR spectra and melting points. 


Metal-ion solutions were prepared from reagent grade nitrates6 and 
were standardized according to routine procedures (24). 


Potentiometric Measurements-The pH measurements were car- 
ried out in a 100-ml jacketed titration cell fitted with a magnetic stirrer 
and rubber stopper through which were inserted nitrogen and buret de- 
livery tubes and glass and calomel electrodes. A research pH meter7 was 
used; the system was calibrated at pH 4 and 9.22. The ionic strength was 
0.15 in all cases (potassium nitrate). The temperature was held to f0.05" 
of the desired value. 


Acid Dissociation Constants-Each acid function was titrated with 
increments of 0.1OOO M KOH, carbonate frees. 


Chelate Formation Constants-The stepwise chelate formation 
constants were determined according to the procedure of Doornbos and 
Faber (14). The calcium(10 or iron(1rr) solution was added to that of the 
ligand, except for the thioglucose-iron(1Ir) system which was unstable. 
Solutions of aurothioglucose and sodium aurothiomalate were prepared 
from the salts and used as such. The thioglucose-iron(lll). I-gold(I), and 
V-gold(1) formation constants were determined by ligand competition 
with the thiomalate complexes. 


1 Merck Sharp and Dohme, New Brunswick. N.J. 
2 Sigma Chemical, St. Louis, Mo. 
3 Eaatman Organic, Rochester, N.Y. 
4 Aldrich, Milwaukee, Wis. 
6 Schering-Plough, Bloomfield, N.J. 
6 Baker Chemical Co.. Phillioshure. N.J. . "  
7 Radiometer M52-b. ' 
8 Calculations were performed with an APL program written by T. D. Zucconi 


based on the equations of Doornbos (19). 
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Figure 1-Formation curves of penicillamine with calcium(l1) (01, 
iron(I1I) (A), and free ligand (X) at  20'. 


Calculations-Calculations for K1 and & (i.e., KlK2)  were made with 
the FORTRAN IV program SCOCSa developed by Perrin and Sayce 
(25). 


The validity of the experimental procedures and apparatus was tested 
as a whole by determination of the pKa of benzoic acid at  25O. The de- 
termined value of 4.25 f 0.02 compared exactly with the literature value 
of 4.25. 


RESULTS 


Acid Dissociation Constants-Table I shows the values obtained 
for the ligands studied and available literature values. These values were 
used in calculating the stability constants because both sets of determi- 
nations were done under the same conditions. Some well-known pKa 
values were also redetermined to evaluate the precision and accuracy of 
the experimental technique and procedures. 


Metal Complex Formation ConstantgThe values of the formation 
constants K1 and 02 are listed in Table 11. These constants were calculated 
from the curves of the number of equivalents of base added versus pH 
(Figs. 1-8). The constants for some systems could not be determined 
directly. The VII-iron(In) system gave a precipitate under all conditions 
studied. It was evaluated as VII-VIII-iron(II1) indirectly. 


Compounds I, V, and VII gave precipitates a t  high values (L9), but 
sufficient data points were available a t  lower pH values to permit cal- 
culation of the constants. No point where a precipitate existed was used 
in finding the reported values in Table 11. The I- and V-gold(1) systems 
were determined by ligand competition with aurothiomalate because of 
the unavailability of the I- and V-gold(I) salts. 


9 Modified for use on the campus computer, IBM 370-158. 
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Tab le  I-Acid Dissociation Constants 
0 


COH NH: SH II  


8- 


Penicillamine 
Cysteine 
Thiomalic acid 
Thioglucose 


Penicillamine 
Cysteine 
Thiomalic acid 
Thioglucose 


pKa a t  20°, p = 0.15 (Literature Values) 
(2)" 8.11 f 0.02 (8.03)" 
(1.88)' 8.38 f 0.02 (8.32)" 


4.68 f 0.03 (4.68)b - 
- - 


pKa at 37O, p = 0.15 
- 7.83 f 0.01 
- 8.04 f 0.02 


4.68 f 0.04 
- 


10.82 f 0.04 (10.83)" 
10.60 f 0.03 (10.48)" 
10.51 f 0.03 (10.55) 
11.67 f 0.05 


10.34 f 0.04 
10.21 f 0.06 
10.24 f 0.02 
11.51 f 0.03 


pKa a t  25" 
Benzoic acid - 4.25 f 0.02 (4.25)c 


0 According to D. A. Dnnrnbos, Phnrrn. Weekbl., 102.269 (1967). * According to .J. Bjerrum, G.  Schwarzenbach, and L. G.  Si l lh ,  "Stability Constants of Complex 
Compounde." Chemical Society, London, England. Special Publication 6,1957. Standard material used for evaluating equipment performance. 


DISCUSSION 


Values obtained for acid dissociation constants of I, V, and VII a t  20" 
(Table 1) were in excellent agreement with previously published values 
(14-18), allowing for differences in ionic strength. The precision of all 
pKa values determined ranged from f O . O 1  to f0.06 unit, well within 
acceptable limits. The pKa found for VIII was significantly higher than 
the pKa values of both I and V. It was of a magnitude typical for isolated 
thiol groups. 


The increase in temperature from 20 to 37" decreased most pKavalues. 
However, the magnitude of the change was quite different for different 
functions and different compounds. The carboxyl group of thiomalic acid 
was unaffected while the pKa values of the amino groups of all four li- 
gands were reduced by 0.3 unit. The thiol group showed the greatest 
variation in its decrease of pKa: 0.16 unit for thioglucose, 0.27 for 
thiomalic acid, 0.29 for V, and 0.48 for I. Because the pKa values for the 
functional groups of interest were far enough apart, the groups could be 
treated as monoprotic acids. 


11 
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Figure 2-Formation curves of penicillamine with calciurn(11) (O),  
iron(m) (A), and free ligand (X) at 37". 


The ionic strength, p ,  was 0.15 (potassium nitrate) in all experiments 
to approximate in uiuo conditions, although this value was not high 
enough to guarantee a completely constant ionic strength medium. 
Changes in K values with changing ionic strength can sometimes be ap- 
preciable for sulfur-containing amino acids (26). However, no attempt 
was made to correct for changes in ionic strength due to changes in species 
distribution as a function of pH or different concentrations of metal ions 
and ligands used. The maximal change was estimated as 0.024. Like most 
other authors (14-21). we neglected these small changes since the main 
emphasis of this work was not on their effect. 


The formation constant for the I chelate with calcium was determined 
a t  20" to permit comparison and correlatian of results with those of 
previous investigators. The 3.15 value for log Kf compared well with the 
2.7 obtained by Doornbos and Faber (19), considering the difference in 
ionic strength and the usual variance among laboratories. The stabilities 
of the iron(1rr) complexes were also determined at 20" with I, V, and VII 
(Table 11) because no literature data were available although the iron(r0 
complexes had been studied earlier (14). The stability constants for both 
calcium(I1) and iron(Ir1) with all four ligands were determined a t  37' 
(Table 11). 


The formation curves (Figs. 1 and 2) do not reveal anything unexpected 
for the interaction of I with calcium, which forms a rather weak complex. 
Actually, there was no deviation of the curves with calcium present until 
after addition of 1 mole equivalent of base. This finding may indicate that 
bonding occurs a t  the thiol group. The complex may be with the thiol 
group alone or with it and one of the other two functions. The carboxyl 
site seems less likely than the amino group, however, because of i ts  greater 
distance from the thiol group. 


Table  11-Formation Constants Determined 


System log K1 log 82"  


20°, p = 0.15 
I-Calcium(II) 3.15 


2.84 VII-Calcium(It) 
I-Iron(III) 
I-Iron(II1) 


V-Iron(I1l) 
VII-Iron(rI1) 


I-Gold(1) 
V-Gold( I) 


VII-Gold(0 
VIII-Gold(I) 


I-Calcium(11) 
V-Calcium(11) 


VII-Calcium(W 
VIII-Calcium 


I-Iron(ll1) 
V-Iron(II1) 


VII-Iron(I11) 
VIII-Iron(It1) 


I-Gold(]) 
V-Gold(I) 


VII-Gold(1) 
VIII-Gold(1) 


- 
11.27 
10.85 
9.18 


12.50" 
11.116 
10.27 
8.51 


3.01 
2.98 
2.79 
1.58 


11.02 
10.63 
9.01 


13.50b 
12.04 
11.23 
8.87 


37O, p = 0.15 


- 


- 
- 
- 


16.25 
14.49 
11.98 
- 
- 
- 
- 


- 
- 
- 
- 


15.79 
14.01 
12.52 
7.256 
- 
- 
- 
- 


a o2 = KIK2. b Determined by ligand competition. 
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Comparison of the iron(w) curves for I and V (Figs. 5-8) revealed a 
larger deviation from the free ligand curve for I-iron(iii). Above pH 10.5, 
the curve of V-iron(lii) actually was higher than that for the free ligand. 
Moreover, a precipitate began to form above pH 9 with V-iron(m). The 
fact that this phenomenon was not seen with I may be taken as evidence 
for a stronger complex. Values of pH in regions where a precipitate formed 
were not used to calculate Kf. 


The rather large deviation a t  pH 6 (I, 37’) may not have been due to 
chelate formation but, perhaps, to a weaker association with the ionized 
acid group and was definitely in part due to the formation of some hy- 
droxide compounds. The presence of an iron hydroxide-V complex was 
investigated by Tanaka (27), although Gruenwedel and Hsien-Chung 
(28) concluded that the onset of precipitation would not allow its inves- 
tigation. 


The VII-iron system and the I-iron system both turned purple as soon 
as iron was added, but the color disappeared upon mixing. When base 
was added to VII-iron, the color formed a t  pH 5,  much lower than with 
I-iron. This result is expected because of the two comparatively strong 
acid groups in VII. The color a t  a pH well below the pKa of the thiol group 
indicated a chelation through the two carboxyl groups and no involve- 
ment of the thiol. The meter reading became unstable a t  about pH ? and, 
again, a precipitate formed a t  pH 9. The thiol group could not play an 
important role in this complex unless its acidity were greatly enhanced 
by complex formation. The VIII-iron system was not stable a t  any ratio 
of ligand to metal. Therefore, the Kf values were determined by titrating 
VIII together with VII and iron(nr), followed subsequently by resolution 
of the data by a computer. Thus, no formation curve is shown. 


Comparison of the Kf values a t  20 versus 37O revealed a decreasing 
tendency to complex a t  the higher temperature for calcium(i1) and 
iron(irr) while the opposite was true for gold(1). The difference was large 
enough to be considered real. The same value of gold hydroxide formation 
(29) was used for calculation of K f  a t  both temperatures. This procedure 
probably introduced only a small error between the Kf values obtained 
a t  different temperatures and may not account for the total observed 
difference. 


A larger error a t  any given temperature could be caused by the use of 
a “wrong” value for the formation of gold hydroxide; literature values 
for equilibrium constants of metal-ion protolysis equilibria often range 
over many orders of magnitude as obtained by research workers using 
different techniques in different laboratories. Quantitative information 
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Figure 3-Formation curves of cysteine with iron(1ii) (A) and free li-  
gand fx) at Z O O .  
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Figure 4-Formation curves of cysteine with calcium(II) (O), ironfm) 
(A), and free ligand (X) at 37O. 


concerning gold(1) hydrolysis is particularly scarce (30). Of course, certain 
hydrolysis equilibria might themselves be strongly affected by temper- 
ature changes. Earlier work on thiomalic acid chelation of silver(1) as a 
function of temperature (31) showed an increase of Kf with increasing 
temperature in that system. 


The ligand effect on the order of stabilities was the same with all three 
metal ions studied: I > V > VII > VIII. This order was also found in the 
literature for complexes of three of these ligands with other metals 
114-17). No data were available for VIII. 


In all cases, I formed a more stable complex than did V. Obviously, 
steric hindrance by the two added methyl groups in I is not a destabilizing 
factor but may have a small stabilizing effect on the chelate ring formed, 
thus giving rise to a higher K/ value of the I complex relative to the cor- 
responding V complex. The lower stability of complexes with VII was 
probably due to the weaker interaction of the metal ions with the carboxyl 
group. Compound VIII was the weakest ligand. This finding is easily 
explained by the presence of only one strongly interacting group and the 
geometry that precludes the formation of a stable ring structure. The 
effects of structure and various substituenta on the biochemical properties 
and the activity of I derivatives were studied previously (32-34), and 
chelate formation tendency was only one of a number of factors investi- 
gated. 


Major differences between the V and I complexes existed that are not 
evident from the data shown. It was reported (17,18,26) that V tends to 
form precipitates with some metal ions, especially copper. This tendency 
was found with gold(1) as well. When V was added to 11, a white precipi- 
tate formed immediately. The insoluble matter became slowly soluble 
after addition of some base [this same phenomenon was observed by 
Perrin and Sayce (15) for the V-zinc system]. The precipitate formed 
even when a large excess of V was added. Compound I also gave a pre- 
cipitate with I1 in a 1:l ratio but did not precipitate in a 4:l ratio mix- 
ture. 


No precipitate developed with V or I when added in excess to auro- 
thiomalate. 


Both ligands formed a dark precipitate with iron(II1). The V system, 
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however, did precipitate a t  lower pH values (10 uersus 11). At the same 
concentration, the solution of I-iron was a darker purple, indicating a 
stronger complex. 


The V-gold(1) system was the most troublesome. Additions of the li- 
gand to aurothioglucose resulted in immediate formation of a white 
precipitate. The precipitate very gradually became soluble with additions 
of base. However, this compound was not used to calculate K f  because 
of its unknown fate after the solid formation. The reaction may be anal- 
ogous to the well-known copper-V oxidation-reduction reaction (26). 


The iron(IIl)-V system was more stable, especially when some base was 
added to the solution before V. This system was used to calculate the K /  
value of the V-gold complex. 


The bonding in silver amino acid complexes was previously (17) pos- 
tulated to occur through the amino nitrogen with very little, if any, con- 
tribution from the sulfur. These gold complexes were linear, as can be 
expected for all gold complexes studied. However, in the case of gold(1) 
complexes, the main bonding site is the thiol group. The K f  value for 
VIII-gold is about 75% of that with I or V. This value is quite high con- 
sidering the absence of the amine group, since increased stability of the 
I and V complexes is due to the formation of a chelate through the ni- 
trogen. The lower value obtained with thiomalic acid is attributed to a 
smaller affinity of gold for the carboxyl group, reaffirming the role of the 
sulfur. 


The results of this study have some limited implications for the possible 
fate of I in uiuo. Thus, the lower pKa values a t  physiological temperature 
will change somewhat the fraction of protonated, neutral species. While 
I sorption from the stomach will remain virtually unaffected (because 
the pH of the gastric solution is below the pKa of all acid groups present), 
the bioavailability of I uia colonic absorption will be even smaller than 
would be predicted from pKa values a t  lower temperatures (20-25'). 
Similarly, the fraction of ionized I species in blood will be increased. As 
is generally recognized, oral administration is the only logical route for 
I, even though I has been given by injection (35,361. Different therapeutic 
results with oral administration uersus injection should have been ex- 
pected. 


While I has significantly greater in uitro complex formation constants 
with all metal ions than V, as exemplified again in this work, the in uiuo 
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Figure 6-Formation curues of tkiomalic acid with calcium(l1) (O) ,  
 iron(^^!) (A), gold([) (o ) ,  and free ligand (X) a t  37'. 


stability of I,  especially against 1.-amino acid hydrase, is the overriding 
factor (37). Enhanced excretion of metal inns induced by I (but not by 
V) may be much more a consequence of the relatiye biological stability 
of the thiol group in I than of higher in uitro K/ values. Even so, a corre- 
lation exists between the actual values of K ,  (largest for the most toxic 
heavy metals mercury and lead) and metal-ion removal from the body, 
the excretion of copper having been studied most thoroughly. 


The complex formation constants determined for gold(1) complexes 
in the present study are relatively high. While these values might be taken 
as evidence that I can remove previously deposited gold from the body 
of rheumatoid arthritis patients, they are not sufficient proof that that  
effect is important in uiuo. In fact, some experts on I treatment of rheu- 
matoid arthritis do not believe that I is beneficial in cases of gold poi- 
soning'". 


For gold removal to occur, some, if not most, of the gold would have 
to be present in ionic form since I could obviously not complex directly 
with the free metal. I t  seems that an equilibrium between gold metal and 
gold ions is very unlikely (kinetically) in uiuo. Conclusions concerning 
the oxidation state of gold species after injection in the body are hard to 
draw. In aqueous solutions, gold(1) has a tendency to disproportionate 
into gold metal and gold(I11) (30), which is enhanced by increasing the 
temperature. 


Furthermore, I would have to remain in a form that complexes the gold. 
Gold is supposed to he removed from areas where i t  is deposited. It is not 
circulating in the blood. Therefore, the I may have to circulate through 
the entire body hefore it reaches eventually the sites of gold deposition. 
During this time, it would be subject to many other reactions that can 
reduce the amount of I available for complex formation with gold. Only 
with extended administration of I could this condition be expected to 
occur. A one-time I dose for gold intoxication seems very unlikely to be 
effective. 


Yet another consideration concerns the fact that  the very strong 2:1 
chelates formed with mercury, lead, nickel, copper, zinc, etc., have sig- 
nificantly greater overall stabilities than the gold(I)-I complex, which 
has a 1:l stoichiometry. The efficient removal of such heavy metal ions 


lo 1. A: Jaffe, New York Medical College, New York, NY 10029, personal com- 
munication. 







from the human body possibly is aided by the formation of “mixed che- 
lates” in vivo (e.g., I-metal ion-V). Mixed ligand chelates are believed 
to play an important role in biological systems (38) and are often signif- 
icantly stronger than corresponding homoligand chelates. Gold(1) cannot 
enter into mixed ligand chelates and, therefore, would not be complexed 
as effectively in viuo. 


Gold therapy is useful in a significant fraction of rheumatoid arthritis 
patients. The assumption is that the metal is the active agent of the gold 
compounds administered. The following observations, when considered 
together, may encourage speculation that this assumption need not 
necessarily be true: 


1. Patients respond quite differently to different gold preparations 
(39). 


2. Colloidal gold and gold compounds other than VII and VIII have 
been discontinued as ineffective or too toxic (40). 


3. Ligands now used in rheumatoid arthritis therapy [with gold(r)] 
have a thiol group. 


4. The biochemical activity of the only alternative drug to gold, I, is 
attributed to its thiol function (41). 


5. Toxic side effects with I resemble those seen with patients receiving 
gold therapy (13). 


The therapeutic effect of gold(1) compounds currently in use may be 
partly or entirely due to the thiol-containing ligand, i.e., thioglucose or 
thiomalate. Apparently, this possibility has not been studed (42). 


The relatively high K f  values for I with many metals also raise ques- 
tions about the effect of I therapy on the balance of essential metals in 
the body. It will be remembered that the removal of metals is the basis 
of major accepted therapeutic uses of I. 


The loss of taste due to a reduced zinc level has been reported by 
subjects during I therapy (43). Zinc supplements were given and normal 
taste sensitivity was restored, but normal taste returned by itself as well 
(44). The effect of I on body calcium levels is probably very small because 
of the small K f  and the large amount of the metal ion present in the body 
(10 mg/100 ml of blood). The amount of I complexed with iron might be 
expected to be quite high due to the relatively large K/  values determined 
in this study. However, most iron in the body is strongly tied up in he- 
moglobin. The actual ligand that chelates this iron in uivo is porphyrin, 
which is specific for iron; the complex has the very large K/ of -1P. Still, 
the fact that iron deposits are removed from synovial tissue by I (45) is 
in accord with iron complexing by I in uivo. 


Similar considerations for some other trace metals in the body have 
not revealed extensive depletion of essential metals, although there have 
been no systematic studies except with copper and zinc. Certainly, the 
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Figure 7-Formation curves of thioglucose with gold(I) (0) and free 
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Figure 8-Formation curves of thioglucose with calcium(I1) (01, gold(I) 
(A), and free ligand (X) at 37’. 


possibility of depleting metal ions such as cobalt(Ii1 or chrome(Ii1) needs 
further study. 


Such studies as well as investigations into the pharmacokinetics of I 
and just patient monitoring would be considerably facilitated by reliable 
and rapid separation/analysis procedures for I and its  complexes, me- 
tabolites, and derivatives. Current efforts are directed toward developing 
such methodologyll. 
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Abstract The theoretical basis of the predictability of warfarin 
maintenance dose requirements was evaluated using computer-generated 
hypothetical patient responses to a 10-mg/day “loading” dose regimen. 
Correlations between these responses and projected maintenance dose 
requirements were evaluated statistically, and a significant relationship 
was identified. 


Keyphrases Warfarin-predictability of dose requirements, theo- 
retical considerations, correlations between hypothetical patient re- 
sponses and projected maintenance dose requirements Doses-pre- 
dictability of warfarin requirements, theoretical considerations 0 
Maintenance dose requirements-predicting warfarin levels, theoretical 
considerations 


Problems encountered in selecting an appropriate 
warfarin dosing regimen continue to represent a major 
obstacle to improvements in the quality and efficiency of 
oral anticoagulant therapy (1). Although the daily main- 
tenance warfarin dose usually falls between 5.0 and 7.5 mg 
in large patient populations studied (2), wider variations 
in daily dose requirements are seen clinically, and the dose 
titration process used to determine this maintenance dose 
may be time consuming and relatively inefficient. The cost 
of added days of patient hospitalization required to select 
the maintenance dose may be significant. 


Efforts to improve the efficiency of warfarin therapy 
have proceeded in two areas: ( a )  mathematical treatments 
describing the time course of warfarin’s anticoagulant ef- 
fects (3-5), and ( b )  clinical studies evaluating the pre- 


dictability of steady-state warfarin dose requirements 
based on initial patient drug response (6-8). Two clinical 
investigations suggested a degree of predictability of 
anticoagulant maintenance dose requirements. A corre- 
lation was observed between the time required to achieve 
therapeutic anticoagulation (using a 15-mg/day “loading” 
dose regimen) and the maintenance warfarin dose finally 
required (6). Recently, a significant correlation between 
patient response to a specific loading dose regimen (10 
mg/day for 3 days) and the maintenance dose required to 
achieve a desired steady-state degree of anticoagulation 
was demonstrated (7). 


To evaluate the potential of these findings, the theo- 
retical basis of observed correlations between loading and 
maintenance warfarin doses was investigated, using a 
previously described mathematical model for warfarin 
effect. The results of this evaluation and their clinical 
implications are described here. 


BACKGROUND 


Warfarin pharmacokinetics have been extensively investigated and 
are considered to be first order (3). They are described by: 


C , ( t )  = C; e-krf (Eq. 1) 


where C , ( t )  is the plasma drug concentration a t  any time t during a 
dosing interval, Cj is the initial plasma concentration, and k, is the 
first-order warfarin degradation constant. 
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Chemical Reactions in Cephalosporin Allergy: 
High-pressure Liquid Chromatographic Analysis of 
Cephalosporin Aminolysis Kinetics 
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Abstract 0 Cephalosporin reaction with protein amino groups is fun- 
damental to cephalosporin allergy. Cephalothin and cefazolin reaction 
kinetics with 6-aminocaproic acid, (3-alanine, and glycine in aqueous so- 
lution were investigated. All reactions were conducted a t  3.5' and 0.5 ionic 
strength and were followed by ion-exchange high-pressure liquid chro- 
matography. The aminolysis rate constants can he expressed as terms 
representing uncatalyzed or water-catalyzed amine reaction, self-assisted 
nucleophilic reaction, and hydroxide-ion-catalyzed nucleophilic amine 
attack on the @-lactam moiety. Cephalothin and cefazolin react with 
amines as readily as penicillin G. The UV spectra of several cephalo- 
thin-glycine reaction products were recorded, and their possible struc- 
tures are discussed. 


Keyphrases Cephalosporins-aminolysis kinetics, allergy, high- 
pressure liquid chromatography 0 Aminolysis-cephalosporins, allergy, 
kinetic analysis, high-pressure liquid chromatography 0 Kinetics- 
cephalosporin aminolysis, high-pressure liquid chromatography o 
High-pressure liquid chromatography-analysis, cephalosporins. ami- 
nolysis kinetics, aminolysis products 0 Antibacterials-cephalothin, 
deacetylcephalothin, and cefazolin, aminolysis kinetics, cephalosporin 
allergy, high-pressure liquid chromatography 


Since cephalosporin reaction with free amino groups on 
tissue proteins to yield cephalosporoyl conjugates in uiuo 
may be largely responsible for cephalosporin immuno- 
genicity (11, a knowledge of cephalosporin aminolysis and 
reaction products is important. Such protein conjugates 
prepared in uitro have been strongly immunogenic in an- 
imals (2-6). 


Although kinetic studies on penicillin aminolysis have 
been reported (7-171, little work has been performed using 
cephalosporins, probably due to analysis difficulties, re- 
action complexity, and the dearth of information on these 
compounds. Cephalosporin aminolysis kinetic analysis by 
differential UV spectrophotometry was reported recently 
(18,19). Spectrophotometric analysis has been useful for 
following cephalosporin hydrolysis (18-23). 


This paper reports the high-pressure liquid chromato- 
graphic (HPLC) analysis of cephalosporin aminolysis ki- 
netics. This method seems to be a powerful tool for quan- 
tifying reactions, separating the hydrolysis and aminolysis 
products, and investigating degradation products. HPLC 
analysis of the kinetics and mechanism of aqueous ceph- 
alosporin hydrolysis as a function of pH was reported 
previously (23, 34). 


EXPERIMENTAL 


Materials-Cephalothin sodium' (944 fig/mg), deacetylcephalothin 
sodium', and cefa7din sodium2 (966 pg/mg) were used as received. 


All  other chemicals were the highest grade and were used without 
further purification. 


Kinetic Procedure--Three amino acid types, glycine, (3-alanine, and 
c-aminocaproic acid, were used hoth as buffers to maintain a constant 


I Shionugi &P Co., Osaka. .lopon. 
2 Fujisawa Pharmaceutical Cu.. Osaka Japan 


Table I-Apparent First-Order Rate Constants, kob, for  
Cephalothin Aminolysis in Various Amine Buffers at 0.5 Ionic 
S t r eng th  and  35' 


k otm 
Buffer pH" hr-l 


[NHs+CH2COO-] 
0.060 
0.120 
0.060 
0.120 
0.180 
0.060 
0.120 
0.180 
0.300 


(NHs+(CH2)2COO-] 
0.060 
0.380 
0.600 
0.038 
0.075 
0.150 
0.300 
0.050 
0.080 
0.100 
0.200 
0.300 
0.050 
0.060 
0.150 
0.200 


0.100 
0.150 
0.200 
0.040 
0.100 
0.120 
0.150 
0.020 
0.047 
0.094 


[NaOH] 
0.033 
0.066 
0.043 
0.088 
0.131 
0.044 
0.096 
0.143 
0.239 


[NaOH] 
0.020 
0.131 
0.207 
0.019 
0.038 
0.077 
0.150 
0.033 
0.054 
0.068 
0.135 
0.203 
0.038 
0.046 
0.115 
0.153 


[NaOH] 
0.011 
0.022 
0.033 
0.044 
0.014 
0.035 
0.042 
0.053 
0.013 
0.030 
0.060 


[KCII 
0.467 
0.434 
0.457 
0.412 
0.369 
0.456 
0.404 
0.357 
0.261 


0.480 
0.369 
0.293 
0.481 
0.462 
0.423 
0.347 
0.467 
0.446 
0.432 
0.365 
0.297 
0.462 
0.454 
0.385 
0.347 


0.489 
0.478 
0.467 
0.456 
0.486 
0.465 
0.458 
0.447 
0.487 
0.470 
0.440 


WCII 


[KCll 


9.50 
9.50 
9.80 
9.84 
9.84 
9.85 


10.00 
10.00 
10.00 


9.70 
9.70 
9.70 


10.00 
10.00 
10.00 
10.00 
10.30 
10.30 
10.30 
10.30 
10.30 
10.50 
10.50 
10.50 
10.50 


10.00 
10.00 
10.00 
10.00 
10.30 
10.30 
10.30 
10.30 
10.80 
10.80 


0.274 
0.499 
0.533 
1.11 
1.86 
0.638 
1.28 
2.24 
4.94 


0.460 
2.85 
6.11 
0.830 
1.10 
1.95 
4.50 
1.90 
2.37 
2.89 
5.61 
9.25 
3.00 
3.26 
6.25 
8.20 


1.09 
1.85 
2.80 
3.90 
2.17 
4.15 
4.91 
6.74 
6.12 
9.76 


10.80 17.7 


The pH was maintained by a pH-stat. 


pH and as nucleophiles. The amine buffers were prepared just before use 
with calculated amounts of amino acid and standard sodium hydroxide 
solution. The ionic strength was adjusted to 0.5 with potassium chloride. 
The kinetic technique was almost the same as one used previously for 
penicillin aminolysis (12-14). 


T o  avoid the possihle change in the kinetic solution pH3 during the 
reaction, a constant pH was maintained with a pH-stat'. All reactions 
were conducted a t  35.0 f 0.1' with the total amine concentration in large 
excess over the reacting substrate concentration to maintain pseudo- 
tirst-order kinetics. In most cases, the initial cephalosporin concentration 
was 5 x M and the total amine concentration was 0.04-0.60 M. 
Reaction solution aliquots (1 ml) were withdrawn a t  intervals, neutralized 
to quench the reaction by addition of 1 ml of 0.2 M phosphate buffer (pH 
6.0) in a cooled water bath to give the final pH of 7-8, and analyzed by 
HPLC as described later. 


J PHM26 pH-meter, Radiometer, Copenhagen, Denmark. 
4 A pH-stat titrimeter assembly conbisting of n TTTl I Litrator. a PHM26 pH- 


meter, and an AHUl2b  autoburet. Radlometer, Copenhagen. Denmark. 
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Table 11-Apparent First-Order Ra te  Constants, kohl for  
Deacetylcephalothin Aminolysis in Glycine Buffer at 0.5 Ionic 
Strength and 35" 


kotm 
Buffer pHa hr-* 


w -  
v) z 
In w 
K 
K 


s! 


[NHatCH2COO-) [NaOH] [KCl] 
0.120 0.066 0.434 9.50 0.185 
0.180 0.099 0.401 9.50 0.359 


' 2  


0.060 0.048 0.452 10.00 0.258 


0 The pH was maintained by a pH-stat. 


Table Ill-Apparent First-Order Ra te  Constants, kob, for 
Cefazolin Aminolysis in Various Amine Buffers at 0.5 Ionic 
Strength and 35" 


kobe. 
Buffer pHa hr-I 


[ NH3TH2COO-J 
0.080 
0.200 
0.300 
0.120 
0.190 
0.250 
0.300 


0.150 
0.300 
0.380 
0.585 
0.080 
0.150 
0.200 
0.210 
0.300 
0.050 
0.100 
0.168 


[NHs+(CHp)&OO-] 
0.050 
0.100 
0.150 
0.217 
0.040 
0.070 
0.120 
0.146 
0.160 
0.200 


[NaOH] 
0.049 
0.122 
0.182 
0.094 
0.153 
0.198 
0.236 


[NaOH] 
0.020 
0.052 
0.103 
0.131 
0.201 
0.054 
0.102 
0.135 
0.142 
0.203 
0.040 
0.081 
0.136 


[NaOH] 
0.011 
0.022 
0.033 
0.048 
0.014 
0.025 
0.043 
0.052 
0.058 
0.072 


IKCll 
0.451 
0.378 
0.318 
0.406 
0.347 
0.302 
0.264 


0.480 
0.448 
0.397 
Q.369 
0.299 
0.446 
0.398 
0.365 
0.358 
0.297 
0.460 
0.419 
0.364 


0.489 
0.478 
0.467 
0.452 
0.486 
0.475 
0.457 
0.448 
0.442 
0.428 


IKCII 


IKCII 


9.60 
9.60 
9.60 


10.00 
10.00 
10.00 
10.00 


9.70 
9.70 
9.70 
9.70 
9.70 


10.30 
10.30 
10.30 
10.30 
10.30 
10.60 
10.60 
10.60 


10.00 
10.00 
10.00 
10.00 
10.30 
10.30 
10.30 
10.30 
10.30 
10.30 


0.340 
1.40 
2.82 
1.06 
2.28 
3.51 
5.19 


0.277 
0.790 
1.96 
2.96 
6.29 
1.52 
2.90 
4.40 
4.55 
7.96 
1.96 
3.42 
6.11 


0.741 
1.46 
2.38 
3.99 
1.53 
2.60 
4.77 
6.00 
7.07 
9.66 


0 The pH was maintained by a pH-stat. 


The pseudo-first-order rate constants. k o b .  were usually calculated 
from the slope of the semilogarithmic plots of the residual concentration 
starting materials versus time by the least-squares treatment. Tables 
1-111 summarize the amine buffer compositions and the k o b  values. 


B 


2 


5 10 15 20 
'ION TIME, min 


Figure 1-Anion-exchange high-pressure liquid chrornatograms of 
cephalothin degradation at pH 9.50,35O, and 0.5 ionic strength. Key: 
A, sample after 10 hr of hydrolysis; and B, sample after 5 hr of reaction 
with 0.12 M glycine. 


I I I I I 
220 240 260 280 300 


WAVELENGTH, nrn 


Figure 2-1JVspectra of peaks 1-5 in F i t .  IB  


HPLC Study-The liquid chromatograph5 was equipped with a 
double-beam, variable-wavelength UV detector6 set a t  254 nm. The 
stationary phase was strong anion-exchange resin prepacked into a 
stainless steel column, 2.1 mm i.d.7. The mobile phases were aqueous 0.02 
M NaH2P04 adjusted to pH 8.5 with sodium hydroxide for cephalothin 
and aqueous 0.2 M CH3COONa adjusted to pH 5.0 for cefawlin. The 
operating parameters for the instrument were: pressure, 40-100 kg/cm2 
(changed to obtain suitable retention time for analysis): temperature, 
ambient; and UV attenuation, 0.16-0.32 aufs. 


A 5-pl sample was injected using a 10-pl syringe and a stopped-flow 
mode. The cephalothin and deacetylcephalothin or cefazolin content was 
determined by comparing the peak heights with those of similarly chro- 
matographed standards. Calibration curves for the substances were 
prepared daily. 


TLC Study-TLC was employed to identify the degradation products 
and to verify HPLC results. Aliquots (10 pl) of the 0.01 M cephalothin- 
glycine reaction solution were applied to glass plates (5 X 20 cm) pre- 
coated with 250-pm silica gel8. Chromatograms were run for 15 cm in 
acetic acid-ethanol-chloroform (1:7:12). Spots corresponding to cepha- 
losporins were visualized with iodine vapor. Authentic cephalothin and 
deacetylcephalothin samples showed RI values of 0.39 and 0.18, respec- 
tively. The standard N-acetylglycine solution showed a spot a t  Rf 0.36, 
which was visualized with bromcresol green (18). 


RESULTS AND DISCUSSION 


Monitoring Hydrolysis and  Aminolysis of Cephalothin by 
HPLC-Figure 1A represents the typical chromatogram of the 10-hr 
aged hydrolysis solution of cephalothin a t  3S0, p = 0.5, and pH 9.5 
maintained with a pH-stat. Several peaks appeared; two could be as- 
signed, as demonstrated previously (23), to cephalothin itself (peak 1) 
and deacetylcephalothin (peak 2) resulting from 3-acetoxy moiety hy- 
drolysis. Others were regarded as @-lactam cleavage products. 


The cephalothin hydrolytic pathway in alkaline solution has been es- 
tablished kinetically (18,23) as represented in Scheme I, where k l  and 
k3 represent the rate constants for cleavage of cephalothin and de- 
acetylcephalothin @-lactam rings, and k2 is the rate constant for cepha- 
lothin deacetylation. Simultaneous and quantitative cephalothin and 
deacetylcephalothin determination a t  pH 9.5,35O, and I.C = 0.5 was made 
by HPLC. Kinetic parameters (Scheme I) were computed by the non- 
linear least-square~~ method to be (in hr-l): k l  = 0.070, k p  = 0.137, and 
k 3  = 0.069. Detailed kinetics (18,23) and the mechanism (23) of cepha- 


Shimadzu-DuPont model 830, Kyoto, Japan. 
UV 202 recording spectrophotometer. Shimadzu, Kyoto, Japan. 


'I Zipax SAX, 0.5 or 1 m, DuPont Instruments, Wilmington, Del. 
8 E. Merck, Darmstadt, West Germany. 
9 FORTRAN IV computer program written by the authors. A digital computer, 


FACOM 230-35, was used at the Data Processing Center, Kanazawa University. 
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Scheme I 


lothin hydrolysis were reported previously. The hydrolysis rate constants 
for k l ,  k 2 ,  and k 3  can be defined, in nonbuffer solutions, as ( k l ) p ~ ,  ( k p ) , , ~ ,  
and (k3)pH and obey Eqs. la-lc above pH 9 


(kl)pH = (ki)oHaoH- (Eq. l a )  


( k d p ~  = ( ~ ~ o H ~ o H -  (Eq. l b )  


(k3)pH = (k3)OHaOH- (Eq. l c )  


where ( k , ) o H  is the specific hydroxide ion-catalyzed rate constant for the 
respective hydrolytic reactions and Q O H -  is the hydroxide-ion activity 
and can be calculated a t  35' from (25): 


aH+aOH- = (Eq. 2) 


The ( k , ) O H  average values (%', p = 0.5) for (k , ) ,H from the data deter- 
mined by HPLC and previously (23), according to Eqs. la - lc ,  were 1.06 
X lo3, 1.82 X lo3, and 1.01 X lo3 M-l hr-l, respectively. 


A typical 5-hr chromatogram of cephalothin with 0.12 M glycine (pH 
9.5,35', p = 0.5) is shown in Fig. 1B. There were some differences in the 
product peaks between hydrolysis (Fig. 1A) and aminolysis a t  the same 
pH. UV spectra of these peaks are shown in Fig. 2. Peaks 1 and 2 had two 
characteristic absorption maxima a t  235 and 260 nm, consistent with 
those of cephalothin and deacetylcephalothin (26). Peaks 3-5 were as- 
signed to the glycinolysis products of cephalothin and/or deacetyl- 
cephalothin. These findings indicate that the cephalothin aminolysis is 
also represented as Scheme I. 


The time course (mole percent) for cephalothin and deacetylcepha- 
lothin during cephalothin glycinolysis a t  pH 9.5 (Fig. 3) showed 
good agreement with values calculated from the nonlinear least-squares 
analysiss. The rate constants computed were (in hr-l): kl = 0.345 f 0.008, 
k z  = 0.161 f 0.007, and k 3  = 0.184 i 0.018 (SD). No detectable N -  


C 


0 5 10 15 20 25 30 
MINUTES 


Figure 4-Apparent first-order plots determined by HPLC for  the 
aminolysis of cephalothin (0) and cefazolin ( 0 )  at 35' and 0.5 ionic 
strength. Key: A ,  0.08 M p-alanine at pH 10.30; B, 0.38 M P-alanine at  
pH 9.70; C, 0.2.5 M glycine at pH 10.00; D, 0.12 M t-aminocaproic acid 
at pH 10.30; E ,  0.30 M @-alanine at pH 10.30; and F,  0.094 M c-amino- 
caproic acid at pH 10.80. 


acetylglycine formation was found on TLC, as previously observed (18). 
These kinetic and TLC results indicate no significant ester moiety ami- 
nolysis a t  the cephalothin 3-position. The deacetylcephalothin reaction 
in 0.12 M glycine huffer (pH 9.5, 35', p = 0.5) is shown in Fig. 3. The 
first-order degradation rate constant was k3 = 0.183 hr,-l which is in fair 
agreement with that computed from the cephalothin glycinolysis under 
the same conditions. 


For other aminolysis reactions followed by HPLC, cephalothin dis- 
appearance followed first-order kinetics (Fig. 4). The pseudo-first-order 
rate constant, k&. can be commonly expressed for the reactions in all 
amine solutions as: 


kobs = k p H  + kamine  (Eq. 3 )  


where k p ~  is the cephalothin first-order hydrolysis rate constant and is 
equal to ( k l ) p ~  + ( k 2 ) p H  and k.,,,, is the first-order rate constant de- 
pending on the concentration of amines. 


Monitoring Cefazolin Aminolysis-Typical chromatograms of 
cefazolin aminolysis with c-aminocaproic acid are shown in Fig. 5 as a 
function of time. Cefazolin aminolysis occurs only at the @-lactam moiety. 
The semilogarithmic plots of the remaining cefazolin percentage were 
reasonably linear (Fig. 4), indicating that the cefazolin degradation fol- 
lowed first-order kinetics. The pseudo-first-order rate constant, kobar 
obtained from the slopes is the sum of the competing rate constants, k q ~  
for hydrolysis and k,,ine for aminolysis. and is given by Eq. 3. Cefazolin 
hydrolysis k p H  obeys Eq. 4 above pH 9, as verified previously (18.23): 


k p H  = k o W O H -  (Eq. 4) 


The value of k o ~  used for the calculation was 1.14 X lo9 M-' hr-l 
(23). 


'O0bC,q 


MINUTES 
Figure 3-Time course for cephalothin (0) and deacetylcephalothin 
(0 )  during cephalothin aminolysis and that for deacetylcephalothin 
aminolysis (A), both with 0.12 Mglycine at pH 9.50,35", and 0.5 ionic 
strength. Points for cephalothin aminolysis were f rom several erperi- 
ments by HPLC under the same conditions. The  curves were calculated 
according to Scheme I by the use of the  following rate constants ( in  
hours-I): kl = 0.345, k2 = 0.164, and k3  = 0.184. 


U 


RETENTION TIME 
5 min 


Figure 5-HPLC changes /or the  cefazolin reaction with 0.10 M c- 
aminocaproic acid at pH 10.60,35', and 0.5 ionic strength with t ime  in 
minutes (listed in graph). 
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Table IV-Aminolysis Rate  Constants of Cephalosporins and  Penicillin G at 0.5 or 1.0 Ionic S t r eng th  ( p )  and 35" 


P-Lactam Antibiotics 
Deacetvl- 


Amine 
Rate Ce halothin cephalothin Cefazolin Penicillin G 


pKaa Constantb p = 0.; p = 1.0' p =0.5 p = 1.0' p = 0.5 j i  = 1.0' u = 0.5" u = 1.0' 


t-Aminocaproic acid 10.55 k, 9.6 9.0 - - 9.1 9.6 5.3 24 
873 1280 - 420 874 1380 1770 1100 


kgOHX 12 12e - 10 13 l o p  10 16e 
8- Alanine 9.98 k, 2.0 3.0 - 1.2 3.4 3.0 1.0 6.0 


109 258 - 114d 122 270 213 240 
3.2e - - 2.1 3.2e 4.2 5.5 


ksb 
kgOH X 3.5 


0.83 - 0.40 3.6 
keb 73.6 150 27.7 48 81.5 162 90.6 96.0 


d 


kRb 


d d - d GIycinef 9.41 k, 0.78 1.2 - 


Determined previously (13). * Defined in E3 5; k,,in A 4 - l  hr-I and kBb and kgOH in M - 2  hr-l. Values reported by Bundgaard (18). d Undetectable. e Recalculated 
from the reported values (18) according to the efinition in Eq. 5 by use of the relationship (18) log[OH-J = log ( 1 0 H -  + 0.12. 1 The k g 0 ~  constant could not be deter- 
mined. 


l o t  8 


pH10.60 


TOTAL E-AMINOCAPROIC ACID 
CONCENTRATION, M 


F a u r e  6-Pseudo-first-order rate constants versus total amine con- 
centration for cefazolin reaction with t-aminocaproic acid at 3fi' and 
0.5 ionic strength. Curves were calculated from Eq. 5 and rate constants 
in Table I. 


Aminolyeis Kinetics--'Ilpical plots of the aminolysis rate constant, 
k h n e ,  uersus total amine concentration, [amine]T (Fig. 6) showed up- 
ward curvature a t  any pH. These pseudo-first-order rate constants ap- 
parently obey the general relationship reported previously for penicillins 
(7.10,13,18) and cephalosporins (18): 


hamine = k,[amine] + k,b[amine]* + h ,o~ lamine ]ao~-  (Eq. 5 )  


where k, representa the unassisted or water-catalyzed reaction of free 
m i n e  on the 8-lactam moiety, ksb. represents the general base-catalyzed 
and nucleophilic reaction with assistance by the amine second molecule, 
and kgOH is the hydroxide ion-catalyzed third-order rate constant of 


20c Y 


FREE GLYCINE CONCENTRATION, M 
Figure 7-Apparent second-order rate constants versus free amine 
concentration for the reactions of cephalothin (O) ,  cefazolin ( O ) ,  and 
deacetylcephalothin (A) with glycine at 35' and 0.5 ionic strength. 


Table V-Effect of Ionic S t r eng th  on the  Reaction Rate  
Constants of Cephalothin with 0.12 M Glycine at  pH 9.50 and  
35 O 


Rate Constant, hr-' 
Ionic Strength" kobs' k p H  ',' kamined 


0.5 0.506 0.207 0.299 
1 .o 0.649 0.213 0.436 
2.0 0.772 0.217 0.555 


Adjusted with otassium chloride. Determined by HPLC analysis. kpH = 
(k i )pH + ( k p ) p ~ .  B k a m i n e  = kobs - k p ~ .  


nucleophilic displacement by the amine. The concentration of free amine 
can be calculated from: 


[ a m i n e ] ~  (Eq. 6) K O  [amine] = - 
I(, -F Q H +  


where KO is the conjugated amine acid dissociation constant. The pKa 
values determined previously under the same conditions (13) were used 
for the calculation. 


Rearrangement of Eq. 5 leads to: 


[aminel 
k, + k,oHQoH- + k,h[amine] (Eq. 7) 


Equation 7 predicts that  plots of k,,in,l[amine] uersus [amine] provide 
kgb as a slope of k, + k,baoH- as an intercept. One such plot is given in 
Fig. 7 for cephalothin, deacetylcephalothin, and cefazolin glycinolysis, 


kamine -= 


A 


OL 0.b5 O.\O 0.:5 O.;O 
FREE P-ALAN1 N E CONCENTRATION, M 


Figure 8-Apparent second-order rate constants versus free amine 
concentration ( A )  and the intercepts of Fig. 8 A  versus hydroxide-ion 
activity ( B )  for cephalothin reaction with 8-alanine at 35' and 0.5 ionic 
strength. 
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showing a single line in each case with different slopes. Another typical 
plot with different intercepts and the same slope is illustrated in Fig. 8, 
predicting significant contribution of the kinetic term of k g 0 ~ .  


The weighed multiple linear regression analysis according to Eq. 7 
provides (with R > 0.98) the rate constants for the uncatalyzed (or 
water-assisted), general base-catalyzed, and hydroxide ion-catalyzed 
reactions of cephalosporins with a number of amines (Table IV). The solid 
lines in Figs. 6r8 were calculated from the rate law (Eq. 5) and the pa- 
rameters in Table IV and show satisfactory agreement with the data. 


In cep alosporin aminolysis, the rate constants of k g b  were 50% lower 
at  p = 0. s than those determined spectrophotometrically (18) for similar 
aminolysis a t  35O and p = 1.0 (Table IV). The UV spectrophotometric 
analysis (18) of the present reaction solutions gave rate constants almost 
identical to those determined by HPLC. This significant difference may 
be attributed to the different ionic strength rather than to the analytical 
method. 


This speculation was substantiated in cephalothin glycinolysis a t  ionic 
strengths of 0.5-2.0 (Table V). The aminolysis rate constants, hamine, 
compared to the hydrolysis rate constants, k p H ,  increased significantly 
with the ionic strength increase. The ionic strength effect was similar to 
that for phenyl acetate aminolysis in which a high concentration of po- 
tassium chloride increased the reaction rates (27.28). 


General base-catalyzed cephalosporin aminolysis was favored by ionic 
strength increases and presumably proceeded through activated com- 
plexes of more ionic character than the starting materials. For the 
cephalosporin aminolysis (Table IV), the influence of ionic strength on 
the uncatalyzed (or water-assisted) and hydroxide-ion-catalyzed rate 
constants ( k ,  and k g 0 ~ )  was small compared to that on the amine-cat- 
alyzed rate constants ( k g b ) .  In contrast to cephalosporin reactivity, the 
marked increase of k, compared to k g b  and kROH by an increase of ionic 
strength was noted for penicillin aminolysis. 


The rate constants for penicillin C aminolysis determined a t  p = 0.5 
in this laboratory (13) and those determined previously a t  p = 1.0 (18) 
under the same temperature condition (35O) are also listed in Table IV. 
The rate constants k, of penicillin C at p = 0.5 increased significantly 
five to nine times a t  p = 1.0, while the catalyzed rate constants were al- 
most unchanged. These different reaction rate sensitivities to the ionic 
strength between pencillin and cephalosporin may result from the dif- 
ference in the mechanism and/or ionic nature of the transition state. 


There was no significant difference in cephalosporin aminolysis rate 
constants as obtained by HPLC and differential UV spectrometry. The 
HPLC method requires no assumption on the UV absorbability of the 
reaction products and permits simultaneous determination of the starting 
materials and degradation products. The UV data for the first three to 
five half-lives, when treated by literature methods (29), also provide re- 
liable rate constants (18,19). 


Mechanism of Cephalosporin Aminolysis-The amine and hy- 
droxide-ion-catalyzed reactions of cephalosporins are likely to be cata- 
lyzed nucleophilic amine displacements on the @-lactam moiety, yielding 
the corresponding cephalosporoylamide, as demonstrated for penicillin 
aminolysis (13, 16). The uncatalyzed or water-assisted kinetic term of 
Eq. 5 may represent a nucleophilic displacement reaction to yield the 
cephalosporoylamides or a kinetically equivalent general base-catalyzed 
hydrolysis to yield cephalosporoic acids. For penicillin aminolysis, this 
reaction was nucleophilic (13,16). Cephalosporin reaction with one amine 
molecule represents nucleophilic displacement (18). Since the experi- 
mental evidence strongly suggested the dominance of the nucleophilic 
reaction, no further experiments were performed. 


Relative Reactivity, Aminolysis Products, and Chemical Aspects 
of Cephalosporin Allergy-There are two striking differences between 
the chemistry of cephalosporins and penicillins. One is the relative rate 


of aminolysis. Change in the acylamide side chain in penicillin molecules 
produces no significant change in the aminolysis rate (7, 16, 30, 31), 
whereas the cephalosporin aminolysis rate is markedly influenced by the 
nature of the cephalosporin molecules. 


In comparison with the reactivity of cephalosporins containing 7- 
position thienyl side chains, deacetylcephalothin is less reactive than 
cephalothin, as seen by the glycinolysis rates (Table IV). This difference 
can be attributed either to the inductive effect on the 3-methylene sub- 
stituent (18) or to the leavability of the 3-methylene moiety in activating 
the @-lactam ring toward nucleophilic attack (32). As a result, cephalo- 
sporins containing a strong electron-withdrawing or good leaving group 
in the 3-position, such as cephaloridine, are readily destroyed in the 
presence of amines (18). Cefazolin and cephalothin reaction with amino 
acid primary amino groups resembled that of penicillin G (Table IV). 
These clinically used cephalosporins may conjugate with free protein 
amino groups in the body as readily as does penicillin G. 


Furthermore, the penicillin &lactam ring can be opened to give a rel- 
atively atable D-a-penicilloate without further molecular degradation. 
The presence of a A3-double bond in cephalosporins leads to more ex- 
tensive cleavage on hydrolysis and aminolysis (33,34). The initial ami- 
nolysis product (I) with A,,, 230 nm was followed by chromophores with 
Ama, 270 and 278 nm (attributed to molecular fragmentation) and pen- 
aldates (11) and penamaldates (111) (33,34). These actual structures are 
not completely understood. UV spectra of HPLC peaks, which appeared 
during cephalothin glycinolysis (Fig. lB), revealed characteristic A,,, 
absorptions a t  230 and 270 nm (Fig. 2). The UV spectrum of peak 5, which 
increased in peak height with time a t  the last aminolysis stage, exhibited 
Amax a t  278 nm. On the basis of reported chemical and spectroscopic ev- 
idence (33,34) on the cephalosporin aminolysis product, peaks 3,4,  and 
5 from the cephalothin glycinolysis may correspond to I, 11, and 111, re- 
spectively. 
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Abstract  Kidney localization of low molecular weight 99mTc-di- 
mercaptodicarboxylic acid complexes was examined in mice. The com- 
plexes wmTc-dimercaptosuccinic acid, wmTc-dimercaptoglutaric acid, 
and *Tc-dimercaptoadipic acid were formed by reducing sodium 
wmTc-pertechnetate with stannous chloride in the presence 012-1 0-fold 
excess ligand at pH 2.5 or 7.5. Kidney specificity decreased as chain length 
between the mercapto groups increased. Optimum kidney retention oc- 
curred with complexes formed a t  pH 2.5. Complexes prepared a t  pH 7.5 
were rapidly excreted through the urine and feces. Kidney localization 
of complexes prepared a t  one pH was not altered if the pH was later 
changed, 


Keypbrases Technetium mercaptan complexes-localization in 
kidney tissue, synthesis, low molecular weight, structure-activity rela- 
tionships Radionuclide imaging, renal-technetium mercaptan com- 
plexes, low molecular weight, localization in kidney tissue, synthesis, 
structure-activity relationships o Kidney-radionuclide imaging, 
technetium mercaptan complexes, structure-activity relationships 0 
Structure-activity relationships-technetium mercaptan complexes, 
localization in kidney tissue 


Radionuclide diagnosis of renal disease saves time in 
routine renal function tests and allows external kidney 
monitoring for clearance and morphological studies. The 
203Hg- and lg7Hg-labeled agents previously used have been 
replaced by 99mTc-labeled agents to decrease the high 
absorbed radiation dose in uiuo (1). 


Initial work on technetium mercaptan complexes as 
organ imaging agents led to the introduction of 99mT~-  
dihydrothioctic acid as a replacement for rose bengal in 
liver, gallbladder, and biliary tract studies (2). Other un- 
published studies indicated that technetium complexes 
with short chain mono- and dimercaptodicarboxylic acids 
accumulated in kidney tissue. 99mTc-Dimercaptodi- 
carboxylic acids were found to have better localization 
characteristics than their monomercapto analogs, espe- 
cially 99mTc-dimercaptosuccinic acid, which has become 
well known as a renal imaging agent (1). 


This in uiuo study concerned organ localization of low 
molecular weight 99mTc-dimercaptodicarboxylic acids as 
affected by the number of carbon atoms between the 
mercapto groups and by the pH of complex formation. 


SH SH 
I I  


H0,CCH-CH-C0,H 
I 


SH S H  


HO,C('HCH,CHCO,H 
I1  


I I  


S H  S H  
I I 


H O . C ~ H  C H - C H ~ H C O - H  


I11 


EXPERIMENTAL 


Dimercaptosuccinic acid' ( I )  was used without further purification. 
Dimercaptoglutaric acid (11) was synthesized according to a literature 


procedure (3). Glutaric acid was brominated and esterified to form di- 
methyl 2,4-dibromoglutarate. The dibromide was reacted with potassium 
thioacetate to form the acetyl dithio ester. This derivative was subjected 
to alkaline hydrolysis in the presence of iodine and recrystallized from 
ethyl acetate to yield 1,2-dithiolane-3,5-dicarboxylic acid (the disulfide 
of II), mp 190-192' [lit. (3) mp 193-194'1. The structure for the disulfide 
was confirmed by elemental analysis, NMR, and mass spectrometry. 
Dimercaptoglutaric acid was generated from its disulfide, just prior to 
technetium complex formation, by reduction with aqueous sodium 
borohydride a t  pH 8, a technique that has been demonstrated in related 
compounds (4). 


Dimercaptoadipic acid (111) was synthesized by incubating 2,2'-di- 
bromoadipic acid2 with aqueous potassium xanthogenate, followed by 
alkaline hydrolysis of the xanthate derivative in methanol and acidifi- 
cation. The solid was further purified by recrystallization from boiling 
water to yield pure crystalline 111, m p  186-189O [lit. (5) mp 187-189OI. 
The structure for I11 was confirmed by elemental analysis and NMR. 
99mTc-Dimercaptodicarboxylic Acid Complexes-These com- 


plexes were prepared in a nitrogen atmosphere by adding 0.1-2 ml of 
sodium pertechnetate (NawmTc04) ( IV)  eluate from 99Mo-89mTc-gen- 
erator? to 1-3 ml of stock tin-dimercaptodicarboxylic acid solution (pH 
2.5 or 7.5), followed by 5-15 min of incubation a t  room temperature. The 


* J. T. Baker, Phillipsburg, N.J. * ICN Laboratories, Cleveland, Ohio 
3 Mallinckrodt, St. Louis, Mo. 
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Table 11-Statistical Summary of Collaborative Results of GLC Analysis of Vitamin E 
Sampleu 


Statistic 1 2 3 4 5 6 7 8 9 10 11 
~~ 


All laboratories 
Mean 385.9 203.0 306.0 289.4 953.1 1000.5 945.5 1003.0 738.9 297.3 492.5 
Reproduci hility 15.1 16.0 16.3 19.4 27.2 41.2 28.5 26.4 47.6 20.0 20.4 cv, 9h 3.9 7.9 5.3 6.7 2.9 4.1 3.0 2.6 6.4 6.7 4.2 
Re eatability 3.0 16.0 15.8 7.2 20.5 14.2 18.0 15.6 15.8 15.8 8.7 


8V.  % 0.8 7.9 5.2 2.5 2.2 1.4 1.9 1.6 2.1 5.3 1.8 


Mean 384.4 202.5 306.8 290.8 953.4 1011.0 948.5 1007.8 749.8 297.0 497.4 
Re roducibility 15.1 8.4 13.6 19.4 25.7 23.4 25.8 21.4 31.0 18.6 12.6 


8 V ,  % 3.9 4.1 4.4 6.7 2.7 2.3 2.7 2.1 4.1 6.2 2.5 


cv, 96 0.8 2.3 2.8 2.6 1.3 1.4 1.1 1.5 1.3 3.0 1.4 
For all laboratories and samples, the mean was 601.4, the reproducibility was 27.1 with a coefficient of variation of 4.5%, and the repeatability was 14.5 with a coefficient 


of variation of 2.4%. When Laboratory 5 was eliminated, the mean was 604.5, the reproducibility was 20.6 with a coefficient of variation of 3.4%. and the repeatahility 
was 9.8 with a coefficient of variation of 1.6%. 


Without Laboratory 5 


Repeatability 3.2 4.6 8.7 5.5 11.9 14.6 10.5 14.8 10.0 8.8 7 .o 


( p  < 0.01) laboratory X sample interaction. Six of the laboratories ob- 
tained consistent results for both samples. Four of the five remaining 
laboratories obtained results that were considerably higher for Sample 
10, while one laboratory reported considerably higher results for Sample 
4. Recause of the significant laboratory X sample interaction, no signif- 
icant difference ( p  < 0.05) was found between Samples 4 and 10. 


One laboratory failed to identify properly the isomer present in Sample 
10. It  was learned that the procedure had not been followed correctly. 
Therefore, in this instance, the procedure was not a t  fault. All other 
lahoraturies identified the isomer present in Sample 10. The required 
isomer identification was properly carried out for all other samples by 
all laboratories. 


CONCLUSION 


Even with the data of the poorest performing laboratory included, 
coefficients of variation of 4.5% for reproducibility and 2.4% for repeat- 
ability are within the 5% required by NF. The laboratory exhibiting the 
poorest performance can be eliminated statistically, and the resulting 
coefficients of variation are 3.4 and 1.6% for reproducibility and repeat- 
ability, respectively. The reproducibility of 2.1% and the repeatability 
of 1.5% for the wtocopheryl acid succinate are exceptionally gratifying 
since this compound is suspected of breaking down during GLC analysis 
and would be expected to exhibit larger coefficients of variation. The 
method, as collaboratively studied, appears to meet the requirements 
for an NF compendia1 method. 
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Abstract 0 Povidone-iodine USP was tested for mutagenicity in mice 
by the dominant lethal assay or micronucleus test and in Chinese ham- 
sters by the bone marrow test. None of the three tests revealed any evi- 
dcnce of mutagenic effect. 


Keyphrases Povidone-iodine-evaluated for mutagenicity in mice 
and hamsters 0 Mutagenicity-povidone-iodine evaluated in mice and 
hamsters Anti-infectives, topical-povidone-iodine. evaluated for 
mutagenicity in mice and hamsters 


According to Wlodkowski et al. (l), povidone-iodine 
blocked growth of the DNA polymerase-deficient Esche- 
richia coli strain whereas no mutagenic effects were found 


with Salmonella typhimurium in the same (Ames) test. 
In the fluctuation test, povidone-iodine was mutagenic 
only for S. typhimurium T 1530 and not for S. typhimu- 


100 I Journal of Pharmaceutical Sciences 
Vol. 68, No. 1, January 1979 


0022-35491 7910100-0100$01.00/0 
@ 1979, American Pharmaceutical Association 







Table I-Testing of Povidone-Iodine in the Dominant Lethal Test on Male NMRI Mice when Applied in a Single Intraperitoneal 
Dose a 


Females with Total Implan- Live Dead Implan- Mutagen- 
Mating Implantations tations Embryos tations icity 


Dose Week Number % Number Per Female Number Per Female Number Per Female Index 


0 


Control: 10 ml 
of distilled 
waterlkg 


72 mg/kg 


1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 
1 
2 
3 
4 
5 
6 
7 
8 


48 
58 
58 
56 
57 
58 
58 
54 
43 
54 
57 
56 
59 
58 
60 
56 
33 
58 
59 
58 
59 
58 
56 
57 


80.0 
96.7 
96.7 
93.3 
95.0 
96.7 
96.7 
90.0 
71.7 
90.0 
95.0 
93.3 
98.3 
96.7 


100.0 
93.3 
55.OC 
96.8 
98.3 
96.7 
98.3 
96.7 
93.3 
95.0 


548 
771 
7 50 
734 
737 
736 
761 
731 
516 
721 
717 
761 
776 
802 
772 
779 
345 
772 
735 
772 
784 
811 
679 
749 


11.4 
13.3 
12.9 
13.1 
12.9 
12.7 
13.1 
13.5 
12.0 
13.4 
12.6 
13.6 
13.2 
13.8 ~~ 


12.9 
13.9 
10.5 
13.3 
12.5 
13.3 ~~ ~ 


13.3 
14.0 
12.1 
13.1 


491 
705 
690 
67 1 
666 
655 
705 
652 
473 
652 
646 
67 1 
699 
716 
716 
712 
296 
695 
653 
716 
719 
744 
607 
674 


10.2 
12.2 
11.9 
12.0 
11.7 
11.3 
12.2 
12.1 
11.0 
12.1 
11.3 
12.0 
11.8 
12.3 
11.9 
12.7 
9.0 


12.0 
11.1 
12.3 
12.2 
12.8 
10.8 
11.8 


57 
66 
60 
63 
71 
81 
56 
79 
43 
69 
71 
90 
77 
86 
56 
67 
49 
77 
82 
56 
65 
67 
72 
75 


1.2 
1.1 
1 .o 
1.1 
1.2 
1.4 
1.0 
1.5 
1 .o 
1.3 
1.2 
1.6 
1.3 
1.5 
0.9 
1.2 
1.5 
1.3 
1.4 
1.0 
1.1 
1.2 
1.3 
1.3 


10.4 
8.6 
8.0 
8.6 
9.6 


11.0 
7.4 


10.8 
8.3 
9.6 
9.9 


11.86 
9.9 


10.7 
7.3 
8.6 


14.2 
10.0 
11.2 
7.3 
8.3 
8.3 


10.6* 
10.0 


Mating was one male to three females. p < 0.05. p < 0.01. 


rium T 1538. 
The fluctuation test showed an increase in the mutant 


frequency of a Valin-sensitive E. coli K 12 strain under the 
influence of povidone-iodine at  an incubation temperature 
of 4 O  only and not a t  3701. 


According to investigations carried out by Speck et al. 
(2), povidone-iodine is capable of selectively altering the 
DNA of human diploid cells growing in culture. These 
investigations, and the importance of povidone-iodine as 
a local antiseptic, prompted the testing of povidone-iodine 
for mutagenicity in various animal test systems. 


EXPERIMENTAL 


Male and female NMRI mice2 and male and female Chinese hamsters3 
(Gricetulus griseus) received standardized feed4, and drinking water was 


I 
ap2.00 


'8 3 0 1.50 


9 1.00 


:k 
m 0.50 


5 4  lllr1111IrllrC-. 1 2 3 4  1 2 3 4  1 2 3 4  5 6 7  


KILLING: 6 hr 24 hr 48 hr 6 hr AFTER 
FIFTH APPLICATION 


Figure 1-Bone marrow test results in hamsters after intraperitoneal 
application of pouidone-iodine. Key: Group 1, control; Group 2, control 
(sodium chloride); Group 3, I X 38.3 mglkg; Group 4, I X 82.5 mglkg; 
Croup 5, control; Group 6, control (sodium chloride); and Group 7,5 X 
38.3 mglkg. 


F. Lingens. Universitiit Hohenheim, Institut fur Mikrobiologie, Garbenstrasae 
30, D-7000 Stuttgart 70, Federal Republic of Germany, personal communica- 
tion. * Supplied by Wiga Co., Sulzfeld. Federal Re ublic of Germany. 


Supplied by Thomae Co., Bibersch, FederarRepublic of Germany. 
Altromin R. supplied by Altromin Co.,  La eLippe,  Federal Re ublic of Ger- 


many; or Ssniff H, supplied by Intermast GmtH,  Boeckum-Hoeve[ Federal Re- 
public of Germany. 


available ad libitum. The animals were housed in plastic (polycarbonate) 
cages in air-conditioned rooms a t  20 f 2O and 55 f 5% humidity. The 
daylnight rhythm was 12 hr. 


Povidone-iodine USP (iodine as 13' ion complex bonded to povidone; 
available iodine 11.2%) dissolved in distilled water was administered 
intraperitoneally. The results were checked for significant differences 
using the x2 test or U test. 


Dominant Lethal Assay-This assay is an indirect method of de- 
tecting induced mutations in the germ cells of male animals, because the 
results are found in female animals mated with (treated) males. An in- 
crease in the number of dead implantations is the main evidence of in- 
duced dominant lethal mutation. The conception rate and the average 
number of implantations also are used for evaluation purposes. 


The test procedure used was that of Riihrborn and Vogel(3). One group 
of 20 male mice received 72 mg of povidone-iodinelkg (one-fifth LDho). 


Table 11-Testing of Povidone-Iodine in the Micronucleus Test 
on NMRI Mice with Double lntraperitoneal Application 


Dose 


2 X  10ml 
of Distilled 2 X 36 


0 Waterlkg mglkg 


Number of 10 10 10 


Analyzed 40,000 40,000 40,000 
animals 


normochromatic 
erythrocytes 


With micronuclei, % 2.15 3.17 2.52 
Minimum, 960 0.12 0.12 0.15 
Maximum. 960 0.35 0.45 0.35 
1 micronudeus, 
2 micronuclei, % 
3 micronuclei, 4bo 
More than 3 


micronuclei, % 
Analyzed polychromatic 


erythrocytes 
With micronuclei, %o 
Minimum, % 
Maximum, % 
1 micronucleus, L 
2 micronuclei, %o 
3 micronuclei, %a 
More than 3 


micronuclei, % 


4 p < 0.05. 


1.90 
0.22 
0.00 
0.02 


20,000 


3.70 
0.20 
0.50 
3.60 
0.10 
0.00 
0.00 


2.82 
0.30 
0.05 
0.00 


20,000 


2.95 
0.20 
0.50 
2.75 
0.20 
0.00 
0.00 


2.35 
0.15 
0.00 
0.02 


20,000 


4.30" 
0.20 
0.65 
4.20 
0.05 
0.05 
0.00 
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Table 111-Testing of Povidone-Iodine in the  Bone Marrow Test on Chinese Hamsters with Single Intraperitoneal Application 


Dose Untreated 10 ml of Saline/kg 38.3 mg/kg 82.5 mg/kg 


24 48 Put  to death after, hr 6 24 48 6 24 48 6 24 48 6 
Number of animals 12 11 12 12 12 12 12 11 12 12 12 12 
Analyzed metaphases 1200 1100 1200 1200 1200 1200 1200 1100 1200 1200 1200 1200 
Animals with aberrant metaphases 8 8 9 7 9 6 9 8 8 6 9 9 
Metaphases with aberrations 


Including gaps 16 12 18 11 22 I1 18 23 15 12 20 21 
Excluding gaps 3 4 2 2 2 2 4 5 2 2 2 5 


Gaps (chromatide) 9 8 14 7 15 9 10 15 10 I 12 16 
Gaps (isochromatide) 4 0 2 2 5 0 4 3 3 3 6 0 
Breaks (chromatide) 0 2 1 1 0 2 2 2 2 1 0 2 
Breaks (isochromatide) 0 0 0 0 1 0 0 0 0 0 0 0 
Acentric fragments 3 1 1 0 1 0 2 3 0 1 1 3 
Multiple aberrations 0 1 0 1 0 0 0 0 0 0 1 0 


A second group of 20 male mice received 10 ml of distilled water/kg in a 
single application. The third group of 20 male mice remained untreated. 
One male was mated to three females. 


Micronucleus Test-This test is a conventional screening method 
of indirectly discovering induced structural and numeric chromosome 
aberrations in somatic cells. Increased appearance of micronuclei in 
erythrocytes can be an indication of indirect mutations and also of spindle 
poisons. 


The test procedure used was that of Boller and Schmid (4) or Schmid 
(5). The three groups were each comprised of five male and five female 
mice. One group received 36 mg of povidone-iodine/kg (one-tenth LD~U),  
and another group received 10 ml of distilled waterkg twice at  an interval 
of 24 hr. The third group of animals remained untreated. Six hours after 
the final dose, the animals were sacrificed, the femurs were removed, and 
bone marrow smears were prepared; 4000 normochromatic and 2000 
polychromatic erythrocytes were examined per animal. 


Bone Marrow Test-This test was carried out in accordance with 
published recommendations (6) and involved 15 groups of six male and 
six female Chinese hamsters each. This test is used for direct analysis of 
induced structural and numerical chromosome aberrations in somatic 
cells. 


Three groups of animals received a single 38.3-mg/kg (one-quarter 
LD5o) or 82.5-mg/kg (one-half LD50) dose of povidone-iodine or 10 ml 
of saline solution/kg. Three groups remained untreated. Two other groups 
received five applications of 38.3 mg of povidone-iodine/kg or five 10- 
ml/kg applications of saline solution on 5 successive days. Another group 
of animals remained untreated. The animals were sacrificed 6,24, or 48 
hr after the single application or 6 hr after the fifth application; 100 
metaphases were evaluated per animal. 


Table IV-Testing of Povidone-Iodine in the  Bone Marrow Test 
on Chinese Hamsters with Five Intraperitoneal Injections a 


5 X 10 ml of 5 X 38.3 
Dose Untreated Saline/ke m d k e  


Number of animals 12 11 11 
Analyzed metaphases 1200 1100 1100 
Animals with 7 8 7 


Metaphases with 
aberrant metaphases 


Including gaps 10 25 13 
Excluding gaps 2 7 2 


Gaps (chromatide) 8 17 8 
Gaps (isochromatide) 0 1 3 
Breaks (chromatide) 1 6 2 
Breaks (isochromatide) 0 0 0 
Acentric fragments 0 1 0 
Multiple aberrations 1 0 0 


aberrations 


0 Animals put t o  death 6 hr after the fifth application. 


RESULTS 


Dominant Lethal Assay (Table 1)-The animals tolerated a single 
application of povidone-iodine without symptoms. The conception rate 
decreased significantly during the 1st week, but the average number of 
implantations and the mutagenicity index were not affected. During the 
other mating periods, all parameters varied in a similar manner as in the 
control animals. 


Micronucleus Test (Table 11)-The animals tolerated administra- 
tion of povidone-iodine without symptoms. There was merely a slight 
increase in polychromatic erythrocytes containing micronuclei, but even 
this increase was within the normal range. 


Bone Marrow Test (Tables 111 and IV and  Fig. 1)-The animals 
tolerated povidone-iodine with no symptoms when administered in a 
single dose, but repeated application caused the animals to show signs 
of pain lasting for -1 min. There was no increase in the percentage of 
aberrant metaphases when the substance was administered singly or 
repeatedly. The type of aberration was the same with treated and un- 
treated animals. 


DISCUSSION 


Contrary to previous results (1,2), povidone-iodine did not have any 
mutagenic effect in the dominant lethal assay, the micronucleus test, or 
the bone marrow test. 


Because of its available iodine content, povidone-iodine ha9 an anti- 
bacterial effect. The mutagenic effect with an E. coli or s. typhimurium 
strain could be due to lower sensitivity, which can result from a mutation. 
However, this hypothesis is unlikely since resistance does not develop 
following the use of povidone-iodine. Possibly, povidone-iodine also is 
inactivated so quickly in mammalian metabolism that genetic damage 
cannot result. Some genetic experts think that mutagenicity testing of 
microorganisms does not in any way represent ultimate testing for ob- 
taining information, mutagenic or otherwise, and that positive in uitro 
tests cannot be used as an argument in favor of mutagenic hazard in 
humans when tests on mammals turn out negative. 


The findings of the present animal experiments suggest that povi- 
done-iodine has no mutagenic effects since no mutagenic effect was de- 
tected even when extremely high doses were administered. 
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COMMUNICA TIONS 


Equations for 
Estimation of First-Pass Effect and Apparent 
Distribution Volume of Drug with Incomplete 
Oral Absorption and Partial Renal Excretion 


Keyphrases 0 First-pass effect-estimation and distribution volume, 
drugs with incomplete oral absorption and partial renal excretion 0 
Distribution volume-estimation and first-pass effect, drugs with in- 
complete oral absorption and partial renal excretion 0 Absorption, GI, 
incomplete-estimation of first-pass effect and distribution volume 0 
Excretion, renal, partial-estimation of first-pass effect and distribution 
volume 


To the Editor: 
Equations assuming complete absorption have been 


used to estimate the degree of pulmonary (1) and hepatic 
(2,3) first-pass effect and the apparent distribution volume 
(1,3) after oral dosing of drugs having partial pulmonary 
and renal excretion. The purpose of this communication 
is to present general equations that can be used when a 
drug is known to be absorbed only partially from the dos- 
age form. 


Based on the previously derived equations (l), the ex- 
tent of the first-pass effect or the hepatic extraction ratio, 
designated as f m ,  is: 


(Eq. 1) 


where F,  is the hepatically metabolized drug fraction after 
intravenous administration or after entry into the general 
circulation through other routes of administration, F is the 
dose fraction available for GI absorption from the dosage 
form, HFR is the hepatic blood flow rate, and AUC, is the 
total area under the blood concentration uersus time curve 
at infinite time. 


The apparent volume of distribution, v d ,  based on the 
area method can be estimated by: 


(Eq. 2) 


where K t  is the first-order rate constant of the terminal 
postabsorption and postdistribution phase. 


Similar equations can be derived for drugs that are 
partially absorbed and partially excreted from the lung and 
kidney. 
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N-Benzoyl Derivatives of Amino Acids and 
Amino Acid Analogs as Inhibitors in 
Microbial Antitumor Screen 


Keyphrases 0 Antineoplastic agents, potential-amino acids, N-benzoyl 
derivatives, microbial screen Amino acids, N-benzoyl derivatives- 
potential antineoplastic agents, microbial screen 


To the Editor: 
For some time, we have been studying the N-acylated 


derivatives of amino acids and amino acid analogs as pos- 
sible antitumor agents (1-3). Certain chloroacetylated (1, 
3) and trifluoroacetylated (4) amino acids and amino acid 
analogs were found to be active inhibitors of the growth of 
a microbial system selected for antitumor screening. The 
degree of inhibition ranged from about 20 to 50%. 


With the hope of increasing the activity of these com- 
pounds by giving them more lipophilic character, the 
benzoyl and ring-substituted benzoyl derivatives were 
prepared. The acylation was accomplished by the con- 
ventional Schotten-Baumann procedure (5). The purity 
of these compounds was ascertained by elemental analysis, 
melting-point determination, optical rotation determi- 
nation where applicable, and Van Slyke nitrous acid de- 
termination of the primary amino nitrogen (6). The mi- 
crobiological assay system utilized was Lactobacillus casei 
(7469) in a riboflavin-supplemented riboflavin assay sys- 
tem (3). 


Mercaptopurine, a known and accepted antitumor 
agent, assayed concurrently with the test compounds, 
showed an inhibition of about 54% at a final concentration 
of 0.1 mg (0.6 pmole)/ml in this test system. Growth was 
determined turbidimetrically (3). Initially, the activity was 
determined at  1 mg/ml, in accord with the screening pro- 
tocol (7), and the nine most active compounds were com- 
pared on an equimolar basis at 4.47 pmoles/ml, the final 
concentration. This concentration is equivalent to 1 mg of 
chloroacetyl-P-hydroxy-D-norleucine B/ml, the compound 
previously found to be the most active in these studies 
(2). 


Of the 28 benzoyl compounds tested, the nine listed in 
Table I showed pronounced activity, greater than that 


Table I-Effect of Equimolar Concentrations of N-Renzoyl 
Derivatives of Amino Acids and Amino Acid Analogs on the 
Growth of L. casei 7469 


Inhihition", 
Compound 1% 


N-Henzoyl-o-fluoro-I)l.-phenylalanine 8 2  
N-Henzoyl-rn -fluoro-r,l.-phenylalanine 96 
N-Henzoyl-p-fluoro-ul.-phenylalanine $2 
N-Benzoyl-lj-2-thienyl-~1.-alanine 76 
N-Benzoyl-d-:\-thienyl-l)l,-alanine 56 
Ni'-Benzoyl-l.-tryptophan 74 
N-Renzoyl-p-chloro-~)~,~phenylalanine 94 
N'r-Benzoyl-p -nitro-1.-phenvlalanine 78 
N'~-p-Nitrohenzoyl-~.-ph~nylalanine 78 


Maximum growth in inoculated riintriil tul)i*s cimtainin~ 111) tcsl  co111piit1nd. 
inetisured turhidimetricollv, was I66-17:l Klrtt units. 'I ('iincentr;itiiin was .1:17 
pmdes/ml and wits the final riinceiitratiiiti i n  the iissiiv s y a t i m .  
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observed for any acyl compounds previously tested. These 
compounds exhibited inhibition greater than 50% at  1 
mg/ml, thus meeting the criterion of positivity set in the 
microbiological assay protocol (7). Therefore, these com- 
pounds have been submitted for antitumor test in mam- 
malian systems. 


Most of the active compounds were derivatives of phe- 
nylalanine analogs. Their activity was tested against 
melanomas, in which phenylalanine metabolism is believed 
to be intimately involved. 


Detailed description of these findings will be reported 
elsewhere. 


(1) T. T. Otani, Cancer Chemother. Rep., 38,25 (19fi4). 
(2) T. T. Otani and M. R. Briley. J. Pharm. Sci., 65,534 (1976). 
(3) Ibid., 67,520 (1978). 
(4) Ibid., in press. 
(5) J. P. Greenstein and M. Winitz, in “Chemistry of the Amino Acids,” 


(6) D. D. Van Slyke, J .  Hioi. Chem., 83,425 (1929). 
(7) G. E. Foley, R. E. McCarthy, V. M. Binns, E. E. Snell, B. M. 


Guirard, G. W. Kidder, V. C. Dewey, and P. S. Thayer, Ann. N. Y. Acad. 
Sci., 76,413 (1958). 


Wiley, New York, N.Y., 1961, p. 1267. 
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Chlordiazepoxide: A New, More Sensitive and 
Specific Radioimmunoassay 


Keyphrases Chlordiazepoxide-radioimmunoassay, in blood, plasma, 
saliva o Radioimmunoassay-chlordiazepoxide in blood, plasma, saliva 
o Tranquilizers-chlordiazepoxide, radioimmunoassay in blotd, plasma, 
saliva 
~~ ~ ~ ~ 


To the Editor: 
In 1975, we reported (1) in detail the development of the 


first radioimmunoassay (RIA) for the widely used anti- 
anxiety agent chlordiazepoxide. Since that time, the ra- 
dioimmunoassay has been used extensively here for studies 
involving the pharmacokinetic and biopharmaceutical 
evaluation of different formulations of the drug. Recently, 
however, we directed our attention toward measuring 
chlordiazepoxide in microsamples of whole blood, which 
can be simply obtained by a fingerstick, and in saliva, 
which offers a noninvasive approach. Simultaneous de- 
termination of chlordiazepoxide in blood/plasma and sa- 
liva might also allow us to evaluate both the pharmacoki- 
netics and extent of in uiuo drug protein binding as re- 
flected by its concentrations in the two media. However, 
since the original radioimmunoassay procedure employed 
relatively low specific activity 2-14C-chlordiazepoxide as 
the radioligand, it lacked the necessary sensitivity to 
achieve these aims. 


We now wish to report the development of a radioim- 
munoassay for chlordiazepoxide that incorporates both 


a new radioligand and an antiserum. 
The new hapten, 5-(4-aminophenyl)-7-chloro-2-meth- 


ylamino-3H-1,4-benzodiazepine-4-oxide, was diazotized 
with 0.9 equivalents of nitrous acid and coupled to bovine 
serum albumin essentially as described by Peskar and 
Spector (2). The excess hapten was removed by exhaustive 
dialysis, and the conjugate was isolated by lyophilization 
as a brick-red powder. Rabbits were immunized with the 
conjugate as previously described (l) ,  and the antiserum 
with the highest titer (1:15,000) of antibodies to chlordi- 
azepoxide was used for all further studies. 


The new radioligand, 8-3H-chlordiazepoxide, was pre- 
pared by selective reduction of 2-amino-4,5-dichloroben- 
zophenone with tritium over Lindlar catalyst to yield 4- 
~~H-2-amino-5-chlorobenzophenone, which was converted 
to the desired product as previously described (3,4). The 
8-3H-chlordiazepoxide was crystallized as its hydrochloride 
salt from methanol-ether to yield material with a specific 
activity of 17.8 Ci/mmole. 


The radioimmunoassay procedure was identical with 
that recently described by Dixon and Crews (5) for di- 
azepam. A logit-log calibration curve for chlordiazepoxide 
was linear between 50 and 5000 pg/tube, which represents 
a 40-fold increase in sensitivity over the original procedure 
(1). Routinely, 10 p1 of blood or plasma was diluted to 1 ml 
with assay buffer and a 100-pl aliquot was taken for anal- 
ysis. Saliva (100 p l )  was assayed without dilution. Under 
these conditions, the working limits of sensitivity for 
blood/plasma and saliva were 50 and 0.5 ng/ml of chlor- 
diazepoxide, respectively. 


The new antiserum exhibited a fortuitously improved 
specificity toward chlordiazepoxide in that the cross-re- 
activity of a major metabolite, N-desmethylchlordi- 
azepoxide, was <1% as opposed to 5% with the original 
antiserum (1). Other metabolites found in plasma, de- 
moxepam and N-desmethyldiazepam, still cross-reacted 
less than 1%. A similar lack of cross-react.ivity was found 
with all other benzodiazepines marketed in the United 
States. Amitriptyline and its metabolite, nortriptyline, 
showed no interference in the determination of chlordia- 
zepoxide. The latter finding is particularly relevant in view 
of the recent introduction of a chlordiazepoxide-ami- 
triptyline combination drug. 


Preliminary studies using the new radioimmunoassay 
have indicated a chlordiazepoxide saliva to plasma con- 
centration ratio of about 0.03, which is in close agreement 
with the ratio of unbound to bound chlordiazepoxide in 
plasma that we determined by equilibrium dialysis. 


(1975). 


(1973). 
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( 5 )  R. Dixon and T. Crews, J. Anal.  ’ f f J X I c d . .  2,210 (1978). 
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Abstract The theoretical basis of the predictability of warfarin 
maintenance dose requirements was evaluated using computer-generated 
hypothetical patient responses to a 10-mg/day “loading” dose regimen. 
Correlations between these responses and projected maintenance dose 
requirements were evaluated statistically, and a significant relationship 
was identified. 


Keyphrases Warfarin-predictability of dose requirements, theo- 
retical considerations, correlations between hypothetical patient re- 
sponses and projected maintenance dose requirements Doses-pre- 
dictability of warfarin requirements, theoretical considerations 0 
Maintenance dose requirements-predicting warfarin levels, theoretical 
considerations 


Problems encountered in selecting an appropriate 
warfarin dosing regimen continue to represent a major 
obstacle to improvements in the quality and efficiency of 
oral anticoagulant therapy (1). Although the daily main- 
tenance warfarin dose usually falls between 5.0 and 7.5 mg 
in large patient populations studied (2), wider variations 
in daily dose requirements are seen clinically, and the dose 
titration process used to determine this maintenance dose 
may be time consuming and relatively inefficient. The cost 
of added days of patient hospitalization required to select 
the maintenance dose may be significant. 


Efforts to improve the efficiency of warfarin therapy 
have proceeded in two areas: ( a )  mathematical treatments 
describing the time course of warfarin’s anticoagulant ef- 
fects (3-5), and ( b )  clinical studies evaluating the pre- 


dictability of steady-state warfarin dose requirements 
based on initial patient drug response (6-8). Two clinical 
investigations suggested a degree of predictability of 
anticoagulant maintenance dose requirements. A corre- 
lation was observed between the time required to achieve 
therapeutic anticoagulation (using a 15-mg/day “loading” 
dose regimen) and the maintenance warfarin dose finally 
required (6). Recently, a significant correlation between 
patient response to a specific loading dose regimen (10 
mg/day for 3 days) and the maintenance dose required to 
achieve a desired steady-state degree of anticoagulation 
was demonstrated (7). 


To evaluate the potential of these findings, the theo- 
retical basis of observed correlations between loading and 
maintenance warfarin doses was investigated, using a 
previously described mathematical model for warfarin 
effect. The results of this evaluation and their clinical 
implications are described here. 


BACKGROUND 


Warfarin pharmacokinetics have been extensively investigated and 
are considered to be first order (3). They are described by: 


C , ( t )  = C; e-krf (Eq. 1) 


where C , ( t )  is the plasma drug concentration a t  any time t during a 
dosing interval, Cj is the initial plasma concentration, and k, is the 
first-order warfarin degradation constant. 
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Mathematical expressions describing the time course of the warfarin 
effect on coagulation after single or multiple doses were reported (5): 


where PCA represents prothrombin complex activity, kd is a first-order 
rate constant for prothrombin complex activity degradation, rn is a 
constant relating the plasma warfarin concentration to clotting factor 
synthesis, and C, and CF= are the actual plasma warfarin concentration 
and the plasma drug level a t  which the clotting factor synthesis rate re- 
duces to zero, respectively. 


In addition, the equation describing steady-state drug effects during 
uniform dosing schedules was derived (5): 


where PCA,,(r) is the prothrombin complex activity a t  steady state a t  
the beginning of a dosing interval, CE(rn) is the plasma level a t  the be- 
ginning of a dosing interval at  steady state after a maintenance dose, CTax 
is the plasma warfarin concentration above which all clotting factor 
synthesis ceases, and r is the dosing interval. All other constants are as 
previously described. 


Rearrangement of Eq. 3 produces an expression for the estimation of 
required maintenance doses needed to produce desired steady-state 
anticoagulant effects: 


kdl m 
mk 


dose = exp[ -PCA,,(r) +*[I - kdr/(l - e-kdr)] - 
kd 


where v d  is the volume of distribution. 
For calculation purposes, warfarin absorption after oral administration 


can be considered to be instantaneous and complete, obviating the need 
for a biexponential expression. The volume of distribution is considered 
to be 0.13 liter/kg (5). 


EXPERIMENTAL 


Equation 2 was used to generate a series of hypothetical patient re- 
sponses to the administration of five consecutive daily 10-mg warfarin 
doses. A patient weight of 70 kg was arbitrarily selected. The case re- 
sponses were produced by iterative substitution of sets of parameter 
values (kr, kd,  rn, and C y )  into the equations. The parameter ranges 
and increment sizes used in the computations are listed in Table I. 


Estimated prothrombin complex activity levels were calculated at  18-hr 
intervals after each 10-mg dose. Projected maintenance doses required 
to achieve a desired therapeutic steady-state prothrombin complex ac- 
tivity level of 20% were calculated using Eq. 3. 


After initial calculations, only parameter sets producing projected daily 
maintenance doses between 2.0 and 15.0 mg were used for correlation 
analyses with the patient response data. 


The statistical correlations between the projected maintenance doses 
and the calculated prothrombin complex activity values after each 10-mg 
dose were computed'. All calculations were performed on a digital com- , 
puter2 using the PL/I language. 


RESULTS AND DISCUSSION 


A total of 914 hypothetical caseswas evaluated. The mean prothrombin 
complex activity values observed after each dose and the respective ranges 
and standard deviations are shown in Table 11. The mean projected 
maintenance dose was 6.9 mglday (range of 2.0-15.0). This value is con- 
sistent with average daily doses reported previously(2). 


Statistically significant linear correlations ( p  < 0.OOOl) were observed 
between calculated responses after each dose, or their logarithmic 
transforms, and the projected maintenance doses. These correlations, 
although significant, were relatively poor after the first dose ( r  = 0.28) 


1 Statistical Analysis System, Version 76.5, GLM Procedure. 
2 IBM 370/155, Triangle University Computation Center, Research Triangle 


Park. N.C. 


Table I-Parameter Range and  Increment Values Used in the 
Iterative Data Generation 


Upper Lower Increment 
Parameter Limit Limit Value 


kd. day-' 3.5 0.5 0.5 
k,, day-l 0.6 0.3 0.1 
m 60.0 10.0 5.0 
C,ma', pg/ml 15.0 5.0 1.0 


Table  11-Mean Values a n d  Ranges of Prothrombin Complex 
Activity as a Function of the Number of 10-mg Warfarin Doses 
Administered 


Prothrombin Complex Activity, % 
Dose Mean SD Range 


1 90.2 6.4 73.1-100.0 
21.8-84.1 2 42.8 11.2 


3 32.4 9.4 16.2-70.9 
4 28.2 8.2 14.2-60.4 
5 26.1 7.6 11.9-52.4 


Table Ill-Correlation Coefficients between Projected 
Maintenance Dose Requirements and Predicted Loading Dose 
Response as a Function of t h e  Number of Doses Administered 


Correlation Coefficient r 
Dose uersus Prothrombin Dose uersus loglo Prothrombin 


Dose Comtdex Activitv Comolex Activitv 


1 
2 
3 


0.28 
0.78 
0.87 


0.28 
0.80 
0.89 


4 0.92 0.92 
5 0.92 0.92 


Table IV-Mean Projected Maintenance Dose as a Function of 
t he  Time Required to  Achieve Therapeutic Prothrombin 
Comulex Activitv Levels (535%)  


Days 
Dose, 


mglday 


Dose 
Range, 
midday Cases 


~ ~~ 


0-2 3.4 2.0-6.6 255 
3-4 6.7 2.0-13.1 464 


5 or more 12.0 5.0-15.1 195 


but improved considerably. After the second dose ( r  = 0.79), this im- 
provement was relatively asymptotic up to the fifth dose (r = 0.92). The 
values of the correlation coefficient, r ,  are given in Table 111. There ap- 
pears to be little difference in the correlations obtained using raw coag- 
ulation data or the logarithmic transform. 


The observed correlation coefficient between the projected daily 
maintenance dose and the logarithm of the prothrombin complex activity, 
calculated 18 hr after the third 10-mg dose, was 0.89. This value is in very 
close agreement with the coefficient, 0.90, recently reported in a clinical 
investigation using experimental data for 34 patients. The clinical find- 
ings contained in that report may have sound theoretical support. 
Graphical illustration of the relationships between the projected main- 
tenance doses and the responses observed after the third dose is provided 
in Fig. 1. 


Another report (6) proposed a relationship between the number of days 
required to ceach minimal therapeutic levels of anticoagulant effect (PCA 
5 35%), using a fixed loading regimen (15 mg/day), and the maintenance 
warfarin dose finally required. This concept was evaluated using the 
hypothetical data generated from a 10-mg dosing regimen. The mean 
projected maintenance doses were calculated for three groups of response 
cases where: ( a )  a prothrombin complex activity of 35% was achieved after 
one or two doses, ( b )  a 35% level was achieved after the third or fourth 
dose, and (c )  a 35% level was not achieved until a t  least the fifth dose 
(Table IV). As can be expected, the mean projected maintenance dose 
increased as the time required to achieve a therapeutic effect in- 
creased. 


Many facilities currently assess warfarin effect by measurement of the 
prothrombin time and calculation of the prothrombin ratio (PR). T o  
bring these findings into perspective in relation to the prothrombin ratio, 
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Tab le  V-Projected Maintenance Dose Requirements as a 
Function of the Estimated ReSDOXISe to Three Daily 10-mg Doses 


Mean Projected Maintenance 
Prothrombin Maintenance Dose, Dose Range, 


Ratio" mglday mglday 
. .  1.00-1.20 


1.21-1.30 
1.31-1.40 
1.41-1.50 
1.51-1.60 
1.61-1.70 
1.71-1.80 
1.81-1.90 
1.91-2.00 


>2.00 


12.3 
11.8 
12.0 
9.5 
7.6 
5.8 
4.7 
3.7 
3.2 
2.6 


8.4-15.0 
5.0-14.9 
6.0-15.1 
4.8-13.6 
3.7-11.3 
3.0-8.3 
2.2-6.8 
2.0-5.6 
2.0-4.5 
2.0-3.8 


). 


0% 5 10 20 30 .J 50 60 70 
PROTHROMBIN COMPLEX ACTIVITY CALCULATED 


18 hr AFTER THIRD 10-mq DOSE 


Figure 1-Relation between projected maintenance warfarin dose and 
prothrombin complex activity value estimated 18 hr after the third 
10-mg dose [y = 0.332 (PCA - 11.60), T = 0.89, and n = 9141. The solid 
line represents the best statistical f i t  line. 


a conversion between prothrombin complex activity and the prothrombin 
ratio proposed previously (4) can be used: 


(Eq. 5) 


With this expression, a stratified description of the relationship between 
ratio values observed after the third 10-mg dose and mean projected 
maintenance doses was produced (Table V). In addition, rough clinical 
approximations of maintenance dose requirements can be derived from 
Table IV. If a prothrombin ratio of 1.5 is achieved after the first or second 
dose, the daily maintenance dose required might approximate 4-5 mg. 
If three or four doses are required to achieve this ratio, 7.5 mg/day would 
be required. If five or more doses are needed, 10-15 (12.5) mg/day would 
be needed. 


Any evaluation of these results must be considered carefully until more 
clinical data are available. Application of the mathematical concepts 
described here to individual patient situations should ideally be based 
on additional results of clinical studies. It has been shown that oral 
anticoagulants such as warfarin exert their pharmacological effects on 
prothrombin synthesis through inhibition of the regeneration of vitamin 
K1 from its epoxide metabolite (8). Therefore, the anticoagulant action 
of warfarin depends not only on the drug concentration a t  its site of action 
but also on the concentrations of vitamin K1 and vitamin K1 epoxide in 
the body. Factors such as diet and concomitant drug therapy can influ- 
ence these concentrations and coagulation, independently of warfarin 
concentration. Certainly, these results are based on conditions where 


(100/PCA) + 2.636 
3.636 


P R  = 


0 Ratio value estimated 18 hr after third 10-mg dose. 


nonlinear alterations in warfarin effects do not influence patient response. 
Drug or dietary influences that might alter usual patient response are 
still relatively difficult to quantitate, and the need for routine measure- 
ment of the prothrombin ratio as a definitive indicator of warfarin effects 
is not in any way affected by these findings. 


With further assessment and confirmation of the potential clinical 
validity of these results, more efficient, less time-consuming methods 
for initiating warfarin therapy might be developed. Previous clinical 
studies (6,7) showed that adequate anticoagulation can be achieved with 
the use of a standardized loading dose regimen. In light of the results of 
those investigations and the data presented in this paper, there seems 
to be little justification for use of the erratic dosing patterns followed in 
the past when the initial administration of a relatively simple lO-mg/day 
regimen can provide a reasonably reliable indicator of maintenance drug 
needs. Any regimen used, however, should include daily monitoring of 
clinical coagulation parameters. 
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Abstract  Kidney localization of low molecular weight 99mTc-di- 
mercaptodicarboxylic acid complexes was examined in mice. The com- 
plexes wmTc-dimercaptosuccinic acid, wmTc-dimercaptoglutaric acid, 
and *Tc-dimercaptoadipic acid were formed by reducing sodium 
wmTc-pertechnetate with stannous chloride in the presence 012-1 0-fold 
excess ligand at pH 2.5 or 7.5. Kidney specificity decreased as chain length 
between the mercapto groups increased. Optimum kidney retention oc- 
curred with complexes formed a t  pH 2.5. Complexes prepared a t  pH 7.5 
were rapidly excreted through the urine and feces. Kidney localization 
of complexes prepared a t  one pH was not altered if the pH was later 
changed, 


Keypbrases Technetium mercaptan complexes-localization in 
kidney tissue, synthesis, low molecular weight, structure-activity rela- 
tionships Radionuclide imaging, renal-technetium mercaptan com- 
plexes, low molecular weight, localization in kidney tissue, synthesis, 
structure-activity relationships o Kidney-radionuclide imaging, 
technetium mercaptan complexes, structure-activity relationships 0 
Structure-activity relationships-technetium mercaptan complexes, 
localization in kidney tissue 


Radionuclide diagnosis of renal disease saves time in 
routine renal function tests and allows external kidney 
monitoring for clearance and morphological studies. The 
203Hg- and lg7Hg-labeled agents previously used have been 
replaced by 99mTc-labeled agents to decrease the high 
absorbed radiation dose in uiuo (1). 


Initial work on technetium mercaptan complexes as 
organ imaging agents led to the introduction of 99mT~-  
dihydrothioctic acid as a replacement for rose bengal in 
liver, gallbladder, and biliary tract studies (2). Other un- 
published studies indicated that technetium complexes 
with short chain mono- and dimercaptodicarboxylic acids 
accumulated in kidney tissue. 99mTc-Dimercaptodi- 
carboxylic acids were found to have better localization 
characteristics than their monomercapto analogs, espe- 
cially 99mTc-dimercaptosuccinic acid, which has become 
well known as a renal imaging agent (1). 


This in uiuo study concerned organ localization of low 
molecular weight 99mTc-dimercaptodicarboxylic acids as 
affected by the number of carbon atoms between the 
mercapto groups and by the pH of complex formation. 


SH SH 
I I  


H0,CCH-CH-C0,H 
I 


SH S H  


HO,C('HCH,CHCO,H 
I1  


I I  


S H  S H  
I I 


H O . C ~ H  C H - C H ~ H C O - H  


I11 


EXPERIMENTAL 


Dimercaptosuccinic acid' ( I )  was used without further purification. 
Dimercaptoglutaric acid (11) was synthesized according to a literature 


procedure (3). Glutaric acid was brominated and esterified to form di- 
methyl 2,4-dibromoglutarate. The dibromide was reacted with potassium 
thioacetate to form the acetyl dithio ester. This derivative was subjected 
to alkaline hydrolysis in the presence of iodine and recrystallized from 
ethyl acetate to yield 1,2-dithiolane-3,5-dicarboxylic acid (the disulfide 
of II), mp 190-192' [lit. (3) mp 193-194'1. The structure for the disulfide 
was confirmed by elemental analysis, NMR, and mass spectrometry. 
Dimercaptoglutaric acid was generated from its disulfide, just prior to 
technetium complex formation, by reduction with aqueous sodium 
borohydride a t  pH 8, a technique that has been demonstrated in related 
compounds (4). 


Dimercaptoadipic acid (111) was synthesized by incubating 2,2'-di- 
bromoadipic acid2 with aqueous potassium xanthogenate, followed by 
alkaline hydrolysis of the xanthate derivative in methanol and acidifi- 
cation. The solid was further purified by recrystallization from boiling 
water to yield pure crystalline 111, m p  186-189O [lit. (5) mp 187-189OI. 
The structure for I11 was confirmed by elemental analysis and NMR. 
99mTc-Dimercaptodicarboxylic Acid Complexes-These com- 


plexes were prepared in a nitrogen atmosphere by adding 0.1-2 ml of 
sodium pertechnetate (NawmTc04) ( IV)  eluate from 99Mo-89mTc-gen- 
erator? to 1-3 ml of stock tin-dimercaptodicarboxylic acid solution (pH 
2.5 or 7.5), followed by 5-15 min of incubation a t  room temperature. The 
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Table I-Distribution of 99mTc-Dimercaptodicarboxylic Acid Complexes in Mice * 
WmTc-Dimercaptosuccinic Acid 99"'Tc-Dimercaptoglutaric Acid 9s)mTc-Dimercaptoadipic Acid 


Kidneys 31.5 f 2.gC 3.2 f 0.8 15.3 f 3.2 2.6 f 0.9 8.7 f 1.4 6.6 f 0.6 
6.7 f 1.1 Liver 6.1 f 1.1 1.1 f 0.3 2.6 f 1.0 1.4 f 0.2 


Intestine 3.4 f 0.8 1.3 f 0.1 3.2 f 0.2 3.8 f 0.4 3.4 f 0.5 6.2 f 0.9 
Blood 28.2 f 3.2 13.9 f 2.1 15.8 f 4.6 5.1 f 0.6 33.1 f 5.1 24.8 f 3.2 


53.1 f 9.3 Urine and feces 28.4 f 4.3 83.4 f 9.6 65.4 f 15.1 


0 Four hours after in'ection of complexes (percent total). Complexes were prepared cia reduction of sodium pertechnetate with stannous chloride. 


Organ pH 2.5b pH 7.5 pH 2.5 pH 7.5 pH 2.5 pH 7.5 


10.3 f 1.7 


89.8 f 10.8 30.5 f 4.2 


The pH at which 
complexes were formed. C Percent total f SD. Average results from four replications. 


Table 11-Distribution of 99mTc-Dimercaptosuccinic Acid in Mice * 
Hoursb 


Orean 0.02 0.5 1 .O 2.0 4.0 24.0 
~ 


Kidneys 9.4 f 1.3c 29.3 f 3.8 39.5 f 4.1 45.6 f 6.7 54.8 f 6.1 75.5 f 12.2 
Liver 28.6 f 2.4 12.8 f 1.7 9.4 f 2.1 6.8 f 1.8 3.8 f 0.8 2.7 f 0.7 
Intestine 11.9 f 2.1 7.2 f 2.1 8.2 f 1.9 4.8 f 1.3 3.4 f 1.0 2.1 f 0.9 


8.4 f 1.2 Blood 40.9 f 5.8 30.4 f 4.1 26.9 f 4.0 20.4 f 3.1 21.3 f 4.5 
Urine and feces 9.2 f 1.6 20.3 f 3.8 16.0 f 3.8 22.4 f 2.6 16.7 f 3.4 11.7 f 3.1 


0 The complex was prepared viu sodium hexabromotechnetate (action of hydrogen bromide on sodium pertechnetate). Following injection. Percent total f SD Average 
results from three replications 


stock solutions were made hy mixing stannous chloride dissolved in 
oxygen-free 1 M HCI with 3 mM I, 11, or 111 such that the ligand to tin 
ratio was 3:l. The stock solution pH was adjusted with 1 M NaHCOs. 


Following incubation, the complexes were analyzed for unreacted IV 
by TLC on silica gel 6060 paper4 with acetone as the developing solvent; 
IV moved with the solvent front while reduced technetium remained a t  
the origin. Unreacted IV was always less than 2%. If a mixture of acetone 
(100 parts) and 12 M HCI (0.5 part) was used as a developing solvent, the 
complexes migrated (R,  4 . 8 )  while IV moved with the solvent front. 


T o  avoid accidental contamination of the complex with undesirahle 
metal ions, all preparation steps were carried out in glass vessels and with 
highly pure reagents. 
la Vivo Distribution Study-The 84 female Swiss Webster mice5 


were from the same shipment and weighed 20-24 g. Prior to experirnen- 
tation, the animals were housed in groups of six for 3 days. They were 
allowed free access to food and tap water. 


I 4 I I A I  
>' 2 4 6 8  24 
k POSTINJECTION TIME, hr 
L 
I- 101 
0 
Q I  


x 
JLX 


2 4 6 8  24 
POSTINJECTION TIME, hr 


Figure 1-Kidney localization of ~9mTc-dimercaptosuccinic acid (0) 
compared with that of homologs 99"Tc-dimereaptoglutaric acid (x) and 
WmTc-dimercaptoadipic acid (0). Complexes were formed at p H  2.5 
( top) and p H  7.5 (bottom).  


4 Eastman. 
Bio-Lab. Centerville, Minn. 


The in uiuo distribution of YYmTc-dimercaptodicarboxylic acids in mice 
uersus time was studied by intravenous injection of 1.5 mg/kg into the 
tail vein. The animals were injected a t  random and were killed a t  0.02, 
0.5, 1, 2, 4, 6, and 24 hr after injection by exposure to a carbon dioxide 
atmosphere. Blood samples were obtained by cardiac puncture imme- 
diately after death. The organs were assayed for radioactivity, and the 
results were reported as percent of total injected radioactivity. The ex- 
periment was replicated four times. 


RESULTS AND DISCUSSION 


Prepa ra t ion  of 99mTc-Dimercaptodicarboxylic Acid Com- 
plexes-This paper describes the reduction of radioactive pertechnetate 
IV and its reaction with excess dimercaptodicarboxylic acid complexes. 
Dimercaptodicarboxylic acids are hy themselves reducing agents. 
Therefore, the technetium complexes could be formed simply by heating 
a solution of the acid with IV a t  100" for 1.530 min. The addition of trace 
quantities (1  Fg) of cupric sulfate or  ferric chloride reduced the reaction 
time to 5 min. 


A drawback of this method was that oxidation of mercaptan groups 
sometimes occurred, producing incomplete labeling and formation of 
labeled dimercaptodicarboxylic acid fragments. This problem was 
eliminated hy room temperature labeling in the presence of an oxidizable, 
lower valence metal salt such as ferrous chloride or stannous chloride 
under a nitrogen atmosphere and use of double-distilled water diluent. 
The ligand to tin ratio could vary from 2:1 to lO:l, and the labeling could 
be done a t  any pH between 2 and 9. 99mTc-Dimercaptosuccinic acid (V), 
99mTc-dimercaptoglutaric acid (VI), and wmTc-dimercaptoadipic acid 
(VII) prepared under these conditions were stable for a t  least 6 hr a t  room 
temperature. 


The stannous chloride reduction was adequate for the formation of 
the low molecular weight 99mTc-dimercaptodicarhoxylic acid complexes 
described in this study; however, a modified method was required for 
several other mercaptan derivatives that precipitated in the presence of 
tin. wmTc-Mercaptan complexes were made by first reacting the sodium 
pertechnetate eluate with 9 M HBr at 100" under nitrogen to form so- 
dium hexabromotechnetate, Na2-TcBrG (VIII) (6,7). Then the mixture 
was evaporated to dryness over a nitrogen stream, and a slightly red solid 
(VIII) residue was obtained (8). This residue was dissolved in ethanol and 
mixed with an equal volume of an ethanolic solution of mercaptan ligand. 
Afterward, the organic solvent was evaporated and the resulting 
99mTc-mercaptan complex was dissolved in saline. 


In all studies, the extent of reduction and the complex stability were 
followed by TLC and radiation monitoring since IV had a distinctly 
different R, value than its complexed forms. 


Kidney Localization of 99mTc-Dimercaptodicarboxylic Acids- 
YYmTc-Dimercaptodicarboxylic acids, prepared a t  pH 2.4 and 7.5 and 
having a 3:l ligand-tin ratio, were injected. The complexes circulated in 
the blood and either accumulated in kidneys and, to a lesser extent, in 
the liver (<lo%) or were excreted. 


Table I shows the distribution and excretion of the complexes formed 
in acidic or basic solutions in mice killed 4 hr after injection. The average 
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Figure %-Comparison of blood clearance rates of BBmTc-dimer- 
captosuccinic acid (0). 99mTc-dimercaptoglutaric acid (X), and 
BgmTc-dimercaptoadipic acid (0) formed at pH 2.5. 


kidney accumulation of V-VII uersus postinjection time is shown in Fig. 
1. Within a few hours after injection of the acidic complexes, V concen- 
trated most highly in kidney tissue, plateauing at slightly above 30% of 
the total injected radioactivity. Five-carbon VI reached a maximum of 
15%. and six-carbon VII concentrated least of all, plateauing a t  8%. Paired 
t test analysis showed the curves to be significantly different (p < 0.05) 
for periods greater than 2 hr. 


In contrast, the basic complexes showed an initial low kidney accu- 
mulation that radically dropped a short time after administration. Least 
sensitive of all to pH changes was VII, which showed very low kidney 
uptake of both acidic and basic preparations. In all cases, as the radio- 
activity in kidney tissue decreased, a marked increase in activity was 
found in the animal’s excreta. 


Figure 2 shows the average blood clearance of the three complexes 
formulated a t  pH 2.5. Slowest to clear was VII. The relative blood 
clearance rates were the same for complexes prepared a t  pH 7.5, but the 
individual clearance rates were faster. These complexes were excreted 
within 0.5 hr of injection. 


Further studies indicated that low pH preparations were necessary 
for high kidney localization of the complexes. Complexes prepared a t  pH 
2.5 and then raised to pH 7.5 by sodium bicarbonate addition prior to in 
oioo injection localized strongly in the kidney. However, complexes 
prepared a t  pH 7.5 and then lowered to pH 2.5 by hydrochloric acid ad- 
dition still showed low kidney localization and were excreted rapidly. 
These observations are in agreement with those previously reported 
(9). 


The ligand to tin ratio during complex formation and the injection time 


after complex preparation did not significantly affect the degree of 
complex localization in kidney tissue. During these studies, the ligand 
to tin ratio varied from 2:l to 101, and the complexes were injected from 
30 min to 6 hr after their preparation. If the complexes were not prepared 
using pure ligand and reagents and in an inert atmosphere, they rapidly 
decomposed into fragments that concentrated in the liver. 


The nature of the technetium complexes formed is uncertain. The 
presence of two mercapto groups in the dicarboxylic acid molecules was 
necessary for good kidney uptake of the complexes. Comparative studies 
in this laboratory6 using various monomercapto homologs such as 
99mTc-mercaptoacetic acid and 99mTc-thiolactic acid showed that these 
complexes were more rapidly excreted and that their renal uptake was 
lower. 


Reduction of pertechnetate with stannous chloride was used in this 
study because it was easy, rapid, and convenient. The complexes prepared 
by this method accumulated sufficiently in the kidney. However, re- 
duction with hydrogen bromide, which can be used for a variety of mer- 
captan compounds, gave a higher deposition in the kidney with a con- 
siderable reduction in the excretion rate. Table I1 shows the distribution 
of V prepared by this method. The reason for the higher uptake is un- 
known. I t  may be due to the formation of a purer complex than that 
formed by tin reduction or to formation of an entirely different complex 
with higher specificity for kidney tissue. 


Further studies are in progress to investigate the nature of complex 
formation as well as the chemical structure-kidney localization rela- 
tionship. 
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Hydrocortisone Stability in Human Feces 
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Abstract Hydrocortisone stability in human feces was studied under 
various conditions to determine whether stability accounts for the vari- 
able effects of hydrocortisone enemas. Recovery from feces and assay 
specificity were assured using dual isotopes, TLC separation, and liquid 
scintillation counting. Hydrocortisone degraded slightly from 7 to 26% 
in 24 hr when incubated in fresh human feces a t  37’. Less than 7% deg- 
radation occurred in feces stored a t  lo’, and negligible degradation oc- 
curred with hydrocortisone in water a t  37’. Fecal bacteria may account 


for the observed degradation. Hydrocortisone stability in feces may 
contribute to local persistence and may account partly for i t s  efficacy in 
ulcerative colitis treatment. 


Keyphrases 0 Hydrocortisone-degradation, human feces, various 
rectal dosage forms 0 Dosage forms-hydrocortisone, various rectal 
dosage forms, degradation in human feces 0 Stability-hydrocortisone 
in human feces, various rectal dosage forms 


Rectally administered hydrocortisone (cortisol) is an 
established mode of long-term ulcerative colitis therapy. 


I t  has the proposed advantage of direct drug delivery 
without excessive systemic absorption and the attendant 
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observed for any acyl compounds previously tested. These 
compounds exhibited inhibition greater than 50% at  1 
mg/ml, thus meeting the criterion of positivity set in the 
microbiological assay protocol (7). Therefore, these com- 
pounds have been submitted for antitumor test in mam- 
malian systems. 


Most of the active compounds were derivatives of phe- 
nylalanine analogs. Their activity was tested against 
melanomas, in which phenylalanine metabolism is believed 
to be intimately involved. 


Detailed description of these findings will be reported 
elsewhere. 
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Chlordiazepoxide: A New, More Sensitive and 
Specific Radioimmunoassay 
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To the Editor: 
In 1975, we reported (1) in detail the development of the 


first radioimmunoassay (RIA) for the widely used anti- 
anxiety agent chlordiazepoxide. Since that time, the ra- 
dioimmunoassay has been used extensively here for studies 
involving the pharmacokinetic and biopharmaceutical 
evaluation of different formulations of the drug. Recently, 
however, we directed our attention toward measuring 
chlordiazepoxide in microsamples of whole blood, which 
can be simply obtained by a fingerstick, and in saliva, 
which offers a noninvasive approach. Simultaneous de- 
termination of chlordiazepoxide in blood/plasma and sa- 
liva might also allow us to evaluate both the pharmacoki- 
netics and extent of in uiuo drug protein binding as re- 
flected by its concentrations in the two media. However, 
since the original radioimmunoassay procedure employed 
relatively low specific activity 2-14C-chlordiazepoxide as 
the radioligand, it lacked the necessary sensitivity to 
achieve these aims. 


We now wish to report the development of a radioim- 
munoassay for chlordiazepoxide that incorporates both 


a new radioligand and an antiserum. 
The new hapten, 5-(4-aminophenyl)-7-chloro-2-meth- 


ylamino-3H-1,4-benzodiazepine-4-oxide, was diazotized 
with 0.9 equivalents of nitrous acid and coupled to bovine 
serum albumin essentially as described by Peskar and 
Spector (2). The excess hapten was removed by exhaustive 
dialysis, and the conjugate was isolated by lyophilization 
as a brick-red powder. Rabbits were immunized with the 
conjugate as previously described (l) ,  and the antiserum 
with the highest titer (1:15,000) of antibodies to chlordi- 
azepoxide was used for all further studies. 


The new radioligand, 8-3H-chlordiazepoxide, was pre- 
pared by selective reduction of 2-amino-4,5-dichloroben- 
zophenone with tritium over Lindlar catalyst to yield 4- 
~~H-2-amino-5-chlorobenzophenone, which was converted 
to the desired product as previously described (3,4). The 
8-3H-chlordiazepoxide was crystallized as its hydrochloride 
salt from methanol-ether to yield material with a specific 
activity of 17.8 Ci/mmole. 


The radioimmunoassay procedure was identical with 
that recently described by Dixon and Crews (5) for di- 
azepam. A logit-log calibration curve for chlordiazepoxide 
was linear between 50 and 5000 pg/tube, which represents 
a 40-fold increase in sensitivity over the original procedure 
(1). Routinely, 10 p1 of blood or plasma was diluted to 1 ml 
with assay buffer and a 100-pl aliquot was taken for anal- 
ysis. Saliva (100 p l )  was assayed without dilution. Under 
these conditions, the working limits of sensitivity for 
blood/plasma and saliva were 50 and 0.5 ng/ml of chlor- 
diazepoxide, respectively. 


The new antiserum exhibited a fortuitously improved 
specificity toward chlordiazepoxide in that the cross-re- 
activity of a major metabolite, N-desmethylchlordi- 
azepoxide, was <1% as opposed to 5% with the original 
antiserum (1). Other metabolites found in plasma, de- 
moxepam and N-desmethyldiazepam, still cross-reacted 
less than 1%. A similar lack of cross-react.ivity was found 
with all other benzodiazepines marketed in the United 
States. Amitriptyline and its metabolite, nortriptyline, 
showed no interference in the determination of chlordia- 
zepoxide. The latter finding is particularly relevant in view 
of the recent introduction of a chlordiazepoxide-ami- 
triptyline combination drug. 


Preliminary studies using the new radioimmunoassay 
have indicated a chlordiazepoxide saliva to plasma con- 
centration ratio of about 0.03, which is in close agreement 
with the ratio of unbound to bound chlordiazepoxide in 
plasma that we determined by equilibrium dialysis. 
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Pharmacokinetics of Topically Applied 
Pilocarpine in the Albino Rabbit Eye 
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Abstract 0 The temporal and spatial pattern of [3H]-pilocarpine nitrate 
distribution in the albino rabbit eye following topical administration was 
determined. A four-compartment caternary chain model describing this 
disposition corresponds to the precorneal area, the cornea, the aqueous 
humor, and the lens and vitreous. Simultaneous computer fitting of data 
from tissue corresponding to some compartments in the model supported 
the proposed model. Additional support was provided by the excellent 
correlation between predicted and observed values in multiple-dosing 
studies. Several important aspects of ocular drug disposition are evident 
from the model. The extensive parallel elimination at the absorption site 
gives rise to an apparent absorption rate constant that is one to two orders 
of magnitude larger than the true absorption rate constant. In addition, 
aqueous flow accounts for most of the drug removal. Thus, major effects 
on absorption and elimination, independent of the drug structure, suggest 
the possibility of similar pharmacokinetics for vastly different drugs. 


Keyphrases Pilocarpine-distribution following topical adminis- 
tration, precorneal area, cornea, aqueous humor, lens, vitreous humor, 
rabbits, models o Eye-pilocarpine distribution following topical ad- 
ministration, rabbits, models Models, pharmacokinetic-pilocarpine 
distribution following topical administration, eye 


Until recently, the ocular disposition of topically applied 
pilocarpine was described with a one-compartment model. 
This model was satisfactory for short-term drug levels, but 
studies over longer times revealed significant deviation 
from the model (Fig. 1) (1-3). 


Many ocular drugs of different physicochemical prop- 
erties have strikingly similar pharmacokinetic profiles 
(4-8). The peak times and the absorption and elimination 
rate constants for these drugs are remarkably similar in 
view of the differences in drug properties and the com- 
plexity of the eye. Most drugs, when analyzed with a simple 
one-compartment model, appear to penetrate the cornea 
very rapidly. This rapid penetration from single doses 
differs from levels from multiple dosing of short duration 
and from sustained-release products. Maintenance of a 
high drug concentration in the lacrimal fluid for extended 
periods should significantly increase the amount of drug 
penetrating the eye if the penetration rate is rapid. This 
effect was found not to be the case (9). 


The present study was designed to examine the dispo- 
sition of topically administered pilocarpine in an attempt 
to clarify previous observations. 


EXPERIMENTAL 


Materials-Water was double distilled from alkaline permanganate 
solution in an all-glass apparatus. 


Pilocarpine nitrate USP1 was used without further purification. Tri- 
tiated pilocarpine nitrate2, specific activity 4.1-6.95 Ci/mmole, was pu- 
rified as previously described (10). Purity was established by paper 
chromatography and TLC. All other chemicals and reagents were either 
analytical or reagent grade and were used as received. 


Male New Zealand albino rabbits?, 1.8-2.4 kg, were used. Animals were 


I Merck & Co., Rahway, N.J. * New England Nuclear, Boston, Mass. 
3 Klubertanz Rabbitry, Edgerton, Wis. 


individually housed in standard laboratory cages and were fed a regular 
diet with no restrictions on food or water. 


Methods-Solution Preparation-Pilocarpine nitrate solutions, 5 
X 10-4-10-1 M, were prepared in 0.067 M Sorensen pH 6.24 phosphate 
buffer to which a small quantity of radioactive pilocarpine had been 
added. Solutions were made isoosmotic with tears by addition of sodium 
chloride, except in the lo-' M case, which was already slightly hyperos- 
motic. In preparing the 5 X 10-4 M solutions, the amount of tritiated 
pilocarpine added was included when calculating the final solution mo- 
larity. For the remaining solutions, the small amount of tritiated pilo- 
carpine did not influence the molarity of the final solution. 


No attempt was made to induce or to maintain the sterility of the so- 
lutions, which were freshly prepared and discarded immediately after 
use. The final activity of the labeled tracer solutions varied depending 
on the duration of the experiment. The activity ranged from 0.025 mCi/ml 
(4 X lo6 cpm/25 pl) in the short time periods to 1 mCUml(l.6 X lo7 
cpm/25 al) in experiments lasting over 6 hr. Raw data in counts per 
minute were converted to micrograms of drug per milliliter of aqueous 
humor or per gram of tissue by use of an internal standard and standard 
radioisotope techniques. 


Sampling Techniques-Pilocarpine solution, 25 pl, was instilled onto 
the animal cornea and collected in the cul-de-sac. For instillation, the 
lower lid was gently pulled away from the eye globe to form a pocket but 
was immediately returned to the normal position after drug instillation. 
In the multiple-dose study, this procedure was repeated at  30-min in- 
tervals for five doses. The animals were dosed upright in minimum re- 
straining cages and were returned to their cages for the longer time pe- 
riods. 


A t  various postinstillation times, rabbits were sacrificed by rapid in- 
jection of an overdose of pentobarbital sodium into the marginal ear vein. 
A single puncture was then made, with a 27-gauge 1.25-cm needle, 
through the corneal-scleral junction into the anterior chamber. Aqueous 
humor, 100-200 pl, was aspirated from the anterior chamber and allowed 
to remain in the syringe until completion of the surgery, at which time 


0.01 I I I 1 1 I 1 I 
0 100 200 300 400 500 600 700 


MINUTES 


Figure 1-Aqueous humor drug concentration versus time profile 
following topical administration of 25 pl of lo-* M pilocarpine nitrate. 
The initial apparent one-compartment kinetics are shown as o dashed 
line, and deviations at  longer time points are shown with a continuous 
line. 
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a 100-pl aliquot was transferred quantitatively by micropipet4 from a 
planchet to a scintillation counting vial6 containing 5 ml of scintillation 
fluid6. To minimize chemiluminescence, the liquid scintillation cocktail 
was refrigerated for a t  least 24 hr at 4O prior to transfer and counting. 
Solutions were read on a liquid scintillation counter7. 


After removal of aqueous humor, the eye was proptosed by inserting 
the handle of a scalpel behind the orb a t  the lateral (outer) canthus, and 
a straight Kelly clamp was placed under the orb a t  the medial (inner) 
canthus. A perilimbal incision was then made to a depth sufficient to sever 
the iris from the ciliary body. The cornea and iris were removed as a single 
unit, placed on a small filter paper, and gently blotted to remove excess 
fluid. The tissues were then separated and placed in preweighed com- 
bustion coness for subsequent assay. The lens extruded during this 
procedure and was also placed in a preweighed combustion cone for 
analysis. The ciliary body was extracted from the sclera with vitreous 
humor attached. 


By drawing the ciliary body between two sets of forceps, it was poseible 
to remove the gel-like vitreous humor. Both tissues were then placed in 
preweighed combustion cones. All tissues were immediately weighed and 
allowed to air dry to facilitate oxidation. No significant difference could 
be detected between samples allowed to air dry prior to oxidation or ox- 
idized wet. The tissue samples were introduced into a sample oxidizerg 
for analysis. Tritium was trapped as tritiated water in 10 ml of solvent10. 
These solutions were then equilibrated at 13' in the refrigerated scin- 
tillation counter for 6 hr prior to tritium assay. 


The time between animal sacrifice and sampling should be minimal, 
especially a t  the earlier time points. Time for total surgery ranged from 
1.5 to 2 mideye. 


At least eight determinations were made a t  each time point for each 
tissue. The various tissue-drug concentration uersus time data fit a 
multicompartment model. After initial graphical estimates of the asso- 
ciated parameters, the profiles were subjected to computer analysis". 
To determine the amount of pilocarpine in the various compartments, 
the data were converted to micrograms by multiplying the concentration 
in micrograms per milliliter by the estimated compartment size. The 
average cornea weighed 50 mg, the average iris and ciliary body weighed 
20 mg each, the lens weighed 250 mg, the vitreous weighed 1 g, and the 
aqueous humor contained 250 pl. The absolute values of these com- 
partments may vary by as much as 20%. 


Stability Studies on Pilocarpine-Chemical Analysis-Intact pi- 
locarpine was determined by the ferric hydroxamate method (1 1): 200 
pl of 2.7 N NaOH, together with 200 pl of 2.5 N hydroxylamine hydro- 
chloride, was spiked with 500 pl of the pilocarpine solution to be assayed. 
The solutions were dowed to react for 1 hr at room temperature or 4 min 
a t  75'. Then 1.5 ml of 1.7 M ferric perchlorate in 0.8 M perchloric acid 
was added, and the resultant solution was allowed to react in the dark 
for 30 min. Finally, the solutions were brought to a volume of 7 ml with 
distilled water and read on a spectrophotometer12 a t  515 nm. The molar 
absorptivity of the solutions was 1.1 X lo3 liters mole-' cm-'. This 
method produced a more stable color than previously reported, with an 
estimated fading rate of 15% in 24 hr. 


Paper Chromatography-To determine the degradation and meta- 
bolic products of pilocarpine, various solutions and extracts were 
subjected to two-dimensional paper chromatography. The stationary 
phase was Whatman No. 4 paper; mobile phase one was n-butanol sat- 
urated with 0.1 N NH40H; mobile phase two was n-butanol saturated 
with 0.1 N HCI. The solvent front was allowed to proceed 10 cm in both 
directions, followed by drying of the paper and subsequent sectioning 
into 100 uniformly spaced squares. Each square was assayed for radio- 
activity, and the resulting Rf values were compared to known standards. 
Pilocarpic acid was prepared from intact pilocarpine by heating at 100' 
at pH 12 for 1 hr (12). In each case, only pilocarpine or pilocarpic acid 
could be shown to be present. 


This procedure did not permit the detection of isopilocarpine, shown 
to he present by Sendelbeck et al. (13) using GLC. Tritiated pilocarpine 
was judged to contain 0.8% pilocarpic acid as a contaminant and to be 
stable with respect to lactone hydrolysis during the experiments. In  uitro 
determinations of metabolites were carried out by incubating the iris and 


Riopette, Schwarz/Mann, Orangeburg, N.Y. 
Minivials, I.C.N., Irvine, Calif. 


fi Aquasol, New England Nuclear, Boston, Mass. ' Tri-Carb, Packard Instrument Co., Downers Grove, Ill. * Combusto-Conen, Packard Instrument Co., Downers Grove, 111. 


'0 Monophase-40, Packard Instrument Co., Downers Grove, Ill. 
Packard model 306, Packard Instrument Co.. Downers Grove, 111. 


MACC subroutine NREG. 
Cary 16. 


t 
1 I I 
2 4 6  8 10 12 


0.01 


HOURS 
Figure 2-Comparison of cornea (0) and aqueous humor (A) concen- 
tration data following instillation of 25 pl of M pilocarpine nitrate 
with best-fit line generated by computer analysis. 


cornea in 1.0 ml of pilocarpine, 500 pglml, for various times and analyzing 
the solution for total pilocarpine by radioactive tracer analysis and for 
intact pilocarpine by spectral analysis. 


RESULTS 


Degradation Studies-Intact pilocarpine was measured colori rnet- 
rically, and radioactive tracer analysis was used for total pilocarpine in 
determining the extent of pilocarpine degradation. Chromatography on 
in uitro incubates and in oiuo ocular tissue homogenates identified 
degradation products. The metabolic rate was about 10-4 min-1, in good 
agreement with the work of Sendelbeck et al. (13). The magnitude of this 
rate constant indicates significant differences between intact and total 
drug over time, i.e., approximately 10-2096 degradation over the 10-12 
hr of the present study. 


Drug Disposition Studies-Tissue Drug Concentration versus Time 
Profiles from Single Dose-Table I shows single-dose pilocarpine con- 
centrations in various ocular tissues. The data for the M pilocarpine 
were used for the primary analysis, with the results of other concentra- 
tions used as support. Cornea, C,, and aqueous humor, CAH, data from 
the lo-* M dose were computer fitted to the four-compartment model 
equations (Fig. 2): 


C,  = Ae-et + Be-8' + Ce-rt + De-At = 5 A;e-"Lt (Eq. 1 )  


CAH = Ee-=l+ Fe-st + Ge-rt + He-At = $ A,e-eJ (Eq. 2) 


i= 1 


i- 1 


(Equation parameters are explained in the Appendix.) 
Tissue Drug Concentrations versus Time Profiles from Multiple 


Doses-The multiple-dose tissue drug concentration uersus time profiles 
are presented in Table 11. The cornea and aqueous humor data were fitted 
to the four-compartment model multiple-dosing equations: 


where t equals the time since the last dose, 7 is the time between doses, 
and M represents the lacrimal concentration buildup as explained pre- 
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Table 11-Drug Concentration during Multiple Dosing of 25 pl of 10-2 M Pilocarpine Nitrate Every 0.5 hr for a Total of Five Doses 
~~ ~~ 


Minutes Cornea Aqueous Humor 


45 8.4 (5.1) 2.4 (7.4) 
60 3.8 (6.3) 2.0 (14.7) 
75 19.0 (1.1) 1.9 (4.6) 
90 5.9 (6.3) 3.3 (21) 
105 15.0 (11) 5.8 (12) 
120 15.0 (6.1) 5.1 (12) 
135 14.0 (10) 3.4 (23) 
150 14.0 (10) 2.5 (24) 
165 7.0 (10) 3.0 (6.6) 
180 4.4 (16) 1.9 (16) 
240 2.1 (32) 0.64 (16) 
300 2.1 (24) 0.38 (9.3) 
360 0.82 (29) 0.23 (LO) 
480 0.52 (28) 0.14 (412) 


Ciliary Body Iris 


0.91 (9.1) 1:4 (2.2) 
0.74 (21) 1.0 (17) 
2.4 (12) 2.9 (7.8) 
1.9 (22) 2.9 (7.2) 
2.7 (25) 3.0 (13) 
2.2 (15) 3.6 (8.1) 
2.9 (13) 5.2 (8.9) 
2.2 (14) 2.6 (20) 
1.7 (14) 1.9 (6.8) 
1.1 (28) 1.4 (15) 
0.4 (39) 0.73 (15) 
0.45 (25) 0.68 (12) 
0.13 (11) 0.15 (22) 
0.10 (23) 0.11 (26) 


Lens Vitreous Humor 
~ 


0.13 (2.2) 0.033 (12) 
0.10 (15) 0.039 (24) 
0.18 (9) 0.12 (23) 
0.16 (16) 0.13 (21) 
0.27 (42) 0.10 (81) 
0.27 (6) 0.11 (20) 
0.26 (15) 0.26 (20) 
0.19 (14) 0.090 118) 
0.18 (12) 0.051 (12) 
0.22 (19) - 
0.13 (16) 0.051 (34) 
0.16 (17) 0.070 (26) 
0.12 (22) 0.030 (13) 
0.08 (25) 0.033 (24) 


0 Concentrations are micrograms of drug per gram of wet tissue. Standard error of the mean is expressed as a percent of the value determined and is shown in parentheses; 
n 2 8. 


viously (14,15). A more complete program is currently under investiga- 
tion. The results of the equation fitting are shown in Figs. 3 and 4. 


DISCUSSION 


Drug Disposition Studies-Only the model shown in Scheme I gave 
simultaneous fit to both cornea and aqueous data ( r  > 0.99). The phar- 
macokinetic parameters generated by computer fitting are shown in 
Table 111. 


Two- or three-compartment caternary models gave reasonable corre- 


K 


\ 


\ 
\ 


I I I I 
1 2 3 4 5 6 


\ 


0.1 


HOURS 
Figure 3-Concentration of pilocarpine nitrate in the cornea (0) as 
a function of time after the last dose as compared with the calculated 
(-) multiple-dose line using Eq. 3. The single-dose line (- -)generated 
by the four-compartment model is drawn in for comparison. 


reservoir 


k34 11 k43 
1 


Scheme I 


lation coefficients ( r  = 0.9), but major portions of the data had to be ig- 
nored in the fitting process. More complex models also gave good fit to 
the data, but there was no compelling reason to adopt them. The four- 
compartment model was selected partly because anatomical significance 
could be attributed to the various compartments. 


These data and the proposed model explain some previously anomalous 
findings. The observations that many drugs are rapidly absorbed across 
the cornea and that drugs with dissimilar physical-chemical properties 
show similar corneal absorption profiles (4-8) can be explained by rec- 
ognizing the importance of the precorneal elimination pathway, k 10, on 
corneal absorption. Several investigators (1-3) commented recently that 
the cornea is not a simple semipermeable membrane. Aqueous humor 
drug studies of short duration frequently produced a biphasic curve of 
drug level uersus time, which led to a simplistic view of the cornea. The 
idea that drugs diffused from lacrimal fluid through the "membrane" 
of the cornea into the aqueous humor led to the erroneous conclusion that 
the absorption rate constant obtained from such studies represented drug 
transfer from the tears to the aqueous humor. Studies of longer duration 
showed the disposition pattern of drug in both the cornea and aqueous 
humor to be more complex. 


Drug contact time from 0 to 5 min postinstillation has been shown to 
be critical for drug absorption into the cornea and aqueous humor (16). 
The early peak time in the cornea led to the assumption of an erroneously 
large absorption rate constant of 0.5-0.7 min-'. The early peak times in 
the cornea and aqueous humor are due to rapid elimination from the 
precorneal area and a rapid decrease in the concentration gradient be- 
tween the tears and the cornea surface. 


The influence of parallel elimination from an absorption site on the 
pharmacokinetic parameters obtained has been described (17-20). The 
simplest pharrnacokinetic model for the eye is the single-compartment 
model (Scheme 11). A more appropriate model, incorporating the parallel 
elimination step from the precorneal area, is shown in Scheme 111. 


Table 111-Pharmacokinetic Parameters a Obtained by Fitting 
Data Generated from a Single 25-pl Dose of M Pilocarpine 
Nitrate to Four-Compartment Model Equations for Cornea 
and Aqueous Humor 


Parameter 


crz, min-1 
ag, min-' 
04, min-1 
AUCd 
Peak time, min 
r2 


Cornea 
Concentration Amount 


-12 -0.61 
+0.20 +0.01 
4.3 0.22 
7.7 0.39 
0.58 0.58 
0.0026 0.0026 
0.11 0.11 
0.019 0.019 


510 25.9 
4 4 
0.99+ n.gg+ 


Aqueous Humor 


0.41 0.10 
0.077 0.019 


1.9 0.47 
0.58 0.58 
0.0026 0.0026 
0.1 1 0.11 
0.019 0.019 


n.w+ n.w+ 


-2.4 0.6 


210 27 
20 20 


- .. . 
r 0.99+ 0.99+ 0.99+ 0.99+ 


All parameters were allowed to float free to obtain best fit by nonlinear re- 
gression analysis of simultaneous aqueous humor and corneal data. b C, = Ae--L + Re-Of + Ce-rL + De-At ,  and C++ = Ee-ef + Fe-Oc + Ge-rc + He-AL. Deriva- 
tion of these equations are shown in the Appendix. c Corneal concentration equals 
micrograms per gram, a ueous humor concentration equals micrograms per mil- 
liliter, and amount equjs  micrograms. d Area under the curve in concentration 
(or amount units ) X minutes. 
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Scheme II  


1 .o 
z 


Scheme 111 


The equations describing these processes in terms of drug amounts 
are: 


8 


for Scheme 11, where F is the fraction of the dose absorbed and D is the 
dose, and  


a 
I- 


0 z 
2 
8 
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t 
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for Scheme 111. 
Since F = k12/(k12 + &lo), it is obvious that K = k s  and k = k l z  + klo; 
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or, in other words, the absorption rate constant into the compartment 
monitored (Scheme 11) ia the summation of the elimination rate constants 
from the previous compartments. The first implication of this analysis 
is that the fraction of drug absorbed bears directly on the'apparent ab- 
sorption rate constant. Since the apparent rate constant is proportional 
to 1/F, multiplication of the apparent rate constant by F should result 
in an approximation of the true rate constant; i.e., F X kapparsat = k b , .  
This is borne out by analysis of the initial corneal data, i.e., less than 2 
hr. The apparent absorption rate constant in this case is 0.62 min-', 
which, when multiplied by F 1-2%, yields 6-12 X min-I. Computer 
estimate of k l z  is 6.2 X min-', in excellent agreement with the 
proposed model. 
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Figure 4-Concentration of pilocarpine nitrate in the aqueous humor 
(0) as a function of time after the last dose as compared with the cal- 
culated (4 multiple-dose line wing Eq. 4. The single-dose line (- -) 
generated by the four-compartment model is drawn in for compar- 
ison. 


Table IV-Bioavailabilities of Drug in the Aqueous Humor and 
Cornea af ter  Rinsing at Various Times 


Rinse Time 
Poetinstillation, Percent Aqueousb 


min Bioavailablea Humor Corneae 


0.5 33 33 34 
1 - 55 - 
2 75 80 78 
3 - 91 - 


100 100 
100 100 100 


4 
5 


No rinse 100 100 100 


- 


a Percent maximum mioeis peak height (14). * Percent maximum area under the 
curve (16). Percent maximum concentration. 


The second implication is that peak time is: 


In - 
k12 + k io  - k23 


Tp = r12;3k10)  


If klo >> kl2, then: 


(Eq. 7) 


Journal of ~rmaceutical  Sciences I 430 
Voi. 68, No. 4, April 1979 







Table V-Pilocarpine in All Tissues Based on Area under t h e  Curve  Calculations and Estimated Tissue Size 
Observed Parameter Cornea Aqueous Humor Ciliary Body Iris Lens Vitreous 


1077 f 9.3 
50 250 20 20 250 lo00 


257 f 48 Model size, mg 
Observed size, mg (f f SEM, n = 100) 53.1 f 0.8 300 20.7 f 6.2 19.7 f 7.3 
AUC, pg-min 
Amount, pg 
Instilled dose, % 


25.4 27.2 2.17 2.17 6.4 11.82 
0.75 0.8 0.064 0.064 0.19 0.35 
1.1 1.2 0.1 0.1 0.28 0.52 


Relative absorbed dose, % 100 110 8.8 8.8 26 48 


large precorneal elimination rate constant and substantial drug accu- 
mulation a t  the corneal surface, as shown by the drug levels in the tears 
and the cornea a t  4-5 min. 


The cornea consists of two main tissue types, the lipophilic epithelium 
and the hydrophilic stroma, which have considerably different drug ab- 
sorption and transport characteristics (16). The principal barrier and 
depot for pilocarpine, and presumably many ocular drugs, is in the epi- 
thelium. Movement of water-soluble drug through the stroma is usually 
rapid, with diffusion coefficients similar to those in water. Consequently, 
the cornea can be treated as two subcompartments, the epithelium and 
the stroma, assuming that the endothelium, a single layer of cells inter- 
mediate in properties between the lipophilic epithelium and hydrophilic 
stroma, is not rate limiting. Because of the facility of pilocarpine move- 
ment through the stroma, it can be combined with the aqueous humor, 
effectively reducing the cornea to a single compartment, the epithe- 
lium. 


Since most of the drug present in the cornea is in the epithelial layer, 
the drug concentration at the cornea-tear interface is considerably higher 
than the average drug level in the cornea would indicate (16). At 5-6 hr 
postinstillation, the drug concentration in the cornea is three times that 
in the aqueous humor (stroma) (Fig. 2). Stated differently, the lipophilic 
epithelium contains 75% of the drug in approximately 10% of the corneal 
volume whereas the hydrophilic stroma contains 25% of the drug in 90% 
of the corneal volume. Use of this ratio to examine the 9-pglg peak corneal 
drug concentration from a M pilocarpine nitrate solution gives the 
ratio of drug between the epithelium and stroma: 


Since the 3:l ratio was obtained a t  5-6 hr postinstillation while the cor- 
responding ratio was much higher (-30-501) a t  times before the peak 
corneal drug level, these figures must be multiplied by 10-15 to give an 
average drug concentration in the epithelium of between 675 and 1000 
pglg. To average between 675 and 1000 pglg in the epithelium during the 
first few minutes postinstillation, the drug concentration at the epithe- 
lial-tear surface would have to be twice that a t  the epithelial-stroma 
surface or between 1300 and 2000 pg/g. 


Similarly, one can calculate the tear drug concentration. The following 
equation was modified from earlier work (14, 15): 


where: 
C L  = lacrimal concentration 
A 0  = amount instilled 
Vo = volume instilled 
VL = resident lacrimal volume 
V A  = apparent lacrimal volume due to volume of drop drained out 


k d  = volume-dependent drainage rate constant 
k ,  = rate constant for nonproductive absorption 


undiluted 


Solving Eq. 10 for a 25-pl drop gives a lacrimal drug concentration a t  4 
min of 1400 pglml, i.e., approximately equal to that at  the epithelial-tear 
interface a t  the same time (1300-2000 pglml). This explains the appar- 
ently large k l o ,  when no other process in the eye is of the magnitude 
necessary to shut down around 4 min. This apparent discrepancy is be- 
cause flux is concentration dependent whereas present models are built 
on amount relationships. 


On the basis of this analysis, flux should stop a t  about 4 min postin- 
stillation and actually reverse a t  later times. Since this reverse flux is 
dependent not only on a small concentration difference but also on a very 
small first-order rate constant, the actual transfer rate out of the cornea 
should be very small. In fact, studies designed to show lacrimal drug 
concentration after dosing and subsequent flushing with saline failed to 
show detectable amounts of drug coming out of the cornea. Although the 
transfer between the precorneal fluid and the cornea is depicted as irre- 


versible, it is probably reversible but not enough to interfere with the 
accuracy of the model. 


The rapid decline in the lacrimal fluid-corneal surface concentration 
gradient results in apparent nonsink kinetics onto or into the cornea, as 
was demonstrated by initial corneal uptake studies (16). These studies, 
which determine relative pilocarpine bioavailability, correspond nicely 
with data from miosis studies (14) and with corneal absorption (Table 
IV). Thus, inclusion of the cornea as a component in the scheme of drug 
movement from the precorneal fluid into the anterior chamber explains 
the large apparent k. and accounts for drug absorption into the aqueous 
humor even after the drug has been removed from the precorneal area. 
The corneal epithelium acts as a depot for drugs because it has significant 
volume and is not a simple semipermeable membrane. 


Once the drug penetrates the cornea and enters the aqueous humor, 
it distributes throughout the eye. The anterior chamber is in intimate 
contact with the cornea, iris, ciliary body, lens, and vitreous. Rapid drug 
distribution to these areas is apparent from the iris and ciliary body data. 
Because of the lack of barrier epithelium and the open meshwork of 
connective tissue making up the iris and ciliary body, the drug concen- 
tration in these tissues mirrors that  in the aqueous humor (Fig. 5). For 
pilocarpine disposition in albino rabbits, where pigment binding is absent, 
the anterior chamber compartment consists of the aqueous humor, iris, 
and ciliary body. Further work using pigmented strains will determine 
whether the iris and ciliary body drug disposition profiles also follow 
aqueous humor levels. Pigmentation is expected to significantly affect 
the amount of drug present in the iris (21). 


The data show -75% of the absorbed drug passing into the lens and 
vitreous reservoirs, as predicted by the model (Table V). The lens and 
vitreous data are fitted to a biexponential curve for preliminary treatment 
(Table VI). These preliminary data show that a portion of the drug be- 
comes associated with the lens. The concentration gradient of drug within 
the lens has yet to be determined. Initial studies indicated that a sub- 
stantial concentration gradient exists between the interior and exterior 
portions of the lens. Since the drug first penetrates the anterior chamber, 
the ventral surface of the lens should have a high drug concentration 
unless there is facile transport of drug around the lens. Thus, a critical 
examination of drug disposition in the lens needs to be conducted. 


Transport into the vitreous humor also should be considered. The 
discrete anatomical tissue, the fibrils, comprising approximately 2% of 
the vitreous humor, should not hinder diffusion of relatively small mol- 
ecules through the fluid space. Thus, microviscosity, rather than ma- 
croviscosity, should determine the diffusion rate. If this were the case, 
diffusion throughout the vitreous would be relatively rapid and the 
concentration gradient within the vitreous would be relatively shallow. 
Moreover, the peak time of drug in the vitreous would correspond closely 
to the aqueous humor peak time, which appears t o  be the case (Tables 
I11 and VI). 


Table  VI-Pharmacokinetic Parameters  Obtained by Fitting 
Lens and  Vitreous Data  to the Single-Compartment Model 
Equation, Y = Ae-a6 - Be#*, following a Single Instillation of 
25 pl of 


Lens Vitreous 


M Pilocarpine Nitrate  


Parameter Concentration Amount Concentrationb 


AC 
Bh - 
a, min-1 
j3, min-* 
A UCd 


0.075 0.019 0.036 
0.071 0.018 0.037 
0.0027 0.0627 0.003 
0.037 0.037 0.21 


25 6.4 12 
Peak time, min 76 min 76 min 21 
r2 0.96t 0.96+ 0.97+ 
r 0.98+ 0.98+ 0.93+ 


0 All parameters were allowed to float free to obtain best fit by nonlinear re- 
r i o n  analysis. b The equation for the amount data is numerically identical 


ecause vitreous is 1 g; however, the units differ. 0 Lens and vitreous concentration 
equal micrograms per gram, and amount equals micrograms. d Area under the curve 
units area concentration (or amount units) X minutes. 
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Table VII-Pharmacokinetic Parameters  of Biphasic Decline of Aqueous Humor a n d  Corneal Concentration Da ta  Fit to the Equation 
C= Ae-at+ Be-Bt following Instillation of 25 pl of Various Concentrations of Pilocarpine Nitrate  


Cornea Aqueous Humor 
Parameter lo-' M M 5 x 10-YM 5 x 10-4 M 10-l M 10-2 M 5 x 10-3 M 5 x 10-4 M 


39.0 
1.1 
0.034 
0.0030 


40 
1500 


0.98t 
0.99+ 


28 
1.1 
0.024 
0.0040 


29 
3000 


0.97+ 
0.99- 


Best Fit: All Parameters Allowed to Float Free 


9.3 4.5 0.48 8.0 
0.48 0.070 0.0070 0.087 
0.24 0.016 0.026 0.02 
0.0040 0.0060 0.0010 - 
9.8 4.6 0.49 8.1 


0.99t 0.99+ 0.99+ 0.99t 
0.99+ 0.99+ 0.99+ 0.99+ 


- 500 290 25 


Constrained Fit: a and 0 Fixed to M Exponents 


9.3 4.6 0.43 7.6 
0.48 0.26 0.016 0.17 
0.024 0.024 0.024 0.019 
0.0040 0.0040 0.0040 0.0039 
9 8  4.8 0.45 7.7 .. ._ ... 


500 250 25 496 
0.99+ 0.88+ 0.99+ 0.99+ 
0.99+ 0.91+ 0.99+ 0.99+ 


1.7 
0.053 
0.019 
0.0039 
1.8 


0.99+ 
0.99+ 


120 


1.7 
0.053 
0.019 
0.0039 
1.8 


0.99+ 
0.99+ 


122 


0.86 
0.0083 
0.016 


0.87 


0.98+ 
0.98+ 


- 
- 


0.92 
0.28 
0,019 
0.0039 
0.95 


0.98+ 
0.98+ 


64.0 


0.12 
0.0013 
0.023 
0.0045 
0.12 
6.3 
0.99t 
0.99+ 


0.1 
0.012 
0.019 
0.0039 
0.1 
6.0 
0.99+ 
0.99+ 


Most drug removal from the internal eye is uia bulk flow of aqueous 
humor, although systemic loss uia the vascular bed also occurs. Metab- 
olism of the drug by ocular enzymes will be considered more fully in a 
subsequent publication. 


This picture of drug removal is consistent with previous observations 
that the elimination rate for pilocarpine is significantly smaller than the 
aqueous flow rate (31, suggesting that: 


1. Permeation from the cornea to the aqueous is slow so that the cornea 
becomes a depot for the drug, or 


2. Iris tissue and i ts  pigments bind the drug, forming a deep depot, 
or 


3. Receptor dissociation occurs a t  a slow rate. 
The fact that the data from albino rabbits without pigmented irides 


showed similar kinetics to the data from pigmented irides (3) indicates 
that  tissue pigments may not be the dominant cause of deviation from 
simple one-compartment kinetics. The amounts of drug in the iris are 
not sufficient to maintain aqueous humor levels for an extended time. 
The cornea may modify pilocarpine penetration (22). Lazare and Hor- 
lington (1) showed an elimination phase in tissue samples that does not 
fit a simple biexponential equation, but they rejected the cornea as a drug 
reservoir. The deviation from simple kinetics may be due to distributive 
aspects, as in the present findings. 


Both the corneal reservoir and drug equilihration from the vitreous 
humor are viable explanations of the pharmacokinetics, and both ap- 
proaches are mathematically necessary to reproduce the curves simul- 
taneously generated by the cornea and aqueous humor data. The "ab- 
sorption and elimination rate constants" previously generated from the 
simple one-compartment model were only part of the story. They are a 
compilation of the various ongoing processes in the whole systern (see 
Appendix), dominated by an apparent parallel elimination in the pre- 
corneal area and a distribution in the aqueous humor, with neither process 
especially dependent on the drug structure. 


Testing the Model-Concentration Dependence-Consistency of 
the concentration-independent model would be evident if various con- 
centrations of a drug generated a family of curves with similar slopes. The 
peak concentrations, AUC, and the intercept of the concentration axis 
in a semilogarithmic plot should be proportional to concentrations. Since 
the data collection for the absorption phase was complete only for the 


M study, only the elimination phase was compared in all studies, 
using the 


The results of these calculations (Tables VII and VIII) bear out the 
hypothesis (r > 0.98). The lo-' M solution caused excessive lacrimation 
and a larger k 10, which was reflected in the decrease in drug uptake. This 
result is consistent with previous findings that aqueous humor drug 
concentrations over a large instilled fluid concentration range produce 
a linear relationship over several orders of magnitude (10). 


Multiple-Dose Studies-Multiple-dosing studies were conducted a t  
0.5-hr dosing intervals to ensure integrity of the label and to get a suffi- 
cient amount in the reservoirs to show significant differences. 


The model predicts a certain amount of drug buildup in ocular tissues 
due to deposition and equilibration of the drug in the aqueous humor with 
these tissues. There is excellent correlation between prediction and ob- 
servation (Figs. 3 and 4) for both the cornea and aqueous humor. What 
the model does not predict, however, is the buildup of the precorneal 
concentration due to the previous dose. When the concentration in the 
precorneal area drops to that of the corneal epithelium, flux into the 
cornea ceases, even though there is still a significant amount of drug in 
the cul-de-sac. Upon addition of a second dose within a short period, 
dilution with tears does not have as much effect on incoming drug due 
to the presence of drug remaining from the previous dose. This buildup 
has been incorporated into the mathematics for multiple dosing of short 


The stepwise buildup of drug in all tissues is clear from Table 11. The 
peak drug level shifted to longer times, which is normal in dosing intervals 


M study as the reference. 


7. 


Table VIII-Pharmacokinetic Parameters  of Monophasic Decline of Lens and  Vitreous Concentration Data  Fit to the Equation C = 
Ae-a' following Instillation of 25 pl of Various Concentrations of Pilocarpine Ni t r a t e  


Lens Vitreous Humor 
Parameter lo-' M M 5 x 10-3 M 5 x 10-4 M lo-' M 10-2 M 5 x 10-3 M 5 x 10-4 M 


Best Fit: All Parameters Allowed to Float Free 


0.17 0.073 0.020 0.005 0.14 0.036 0.0099 0.0039 
0.00 16 0.0027 0.001 1 0.0033 0.0013 0.0031 0.0019 0.013 


A, ' g k l  
a, min 
AUC, pglg min 110 27 17 1.6 110 12 5.2 0.30 
r2 0.88 0.98 0.79 0.96 0.47 0.93 0.45 0.91 
r 0.94 0.99 0.89 0.98 0.64 0.98 0.53 0.94 


Constrained Fit: a Fixed to M Exponent 


A. ue/e 0.21 0.073 0.032 0.0046 0.19 0.036 0.012 0.0025 . .__ 


a ,' m y  1 0.0027 0.0027 0.0027 0.0027 0.0031 0.0031 0.0031 0.0031 
AUC, pglg min 79 27 12 1.8 60 12 4.0 8.0 
r* 0.78 0.98 0.50 0.95 0.44 0.93 0.48 0.84 
r 0.92 0.99 0.78 0.97 0.63 0.98 0.56 0.85 
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HOURS 
Figure 6-&lculated aqueous humor levels (n = m) based on different 
dosing intervals ( 7 ) .  


of a short duration. Continuation of the dosage regimen would eventually 
cause a plateauing effect a t  a higher level than the original. Once drug 
in the reservoirs became significant, the overall shape of the curve 
changed (Fig. 6). 


After a sufficient number of doses, the term 1 - e--nair in Eqs. 3 and 
4 goes to one. Consequently, at long-term maintenance: 


With this equation, i t  is possible to generate the family of curves for 
varying dosing intervals (Fig. 6). 


The model predicts a negligible increase in peak height a t  n - = for 
large T (dosing intervals of 4-6 hr are normal) but significant increases 
in the amount remaining at  the end of the dosing interval, showing an 
apparent reduction in the elimination rate constant. The increase in drug 
concentration is two to three times higher than the single-dose infor- 
mation in a properly designed experimental model (quadexponential) 
and several orders of magnitude higher in the biexponential model, which 
is currently being used in ocular pharmacokinetics. 


APPENDIX 


The mathematical derivation of the pharmacokinetic model for pilo- 
carpine in the rabbit eye is as follows. Drug distribution in the eye can 
be compartmentalized a s  shown in Scheme I V  


k 3 0  


Scheme IV 


where P is the precorneal area, C is the cornea, A is the anterior segment 
(excluding lens and cornea), R is the reservoir consisting of the lens and 
vitreous, and kjj is the rate constant for drug transport into and out of 
the various areas. 


By using standard matrix theory, it can be shown that the equations 
for concentrations in cornea, aqueous, and reservoirs are: 


(Eq. A l )  cornea = C, = Ae-"' + Be-oc + Ce-re + De-Ae 


6 3  + (P/3) 
A = -  S + T + S - T  - 


2 2 


a = ('/3)(38 - P2) 
b = ('/27)(2P3 - 9PQ t 27R) 


The magnitude of the first-order constants associated with drug dis- 
position in the eye are: 


microconstants 
&lo 
k 12 
k 23 
k32 
k 34 
k 43 
km 


minutes-' 
5.71 X lo-' 


6.2 x 10-3 


8.89 x 10-3 
3.39 x 10-3 


4.85 X 
4.03 X 


3.49 x 10-2 
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Abstract 0 A rapid and sensitive GLC procedure was developed for the 
determination of theophylline in serum. After extraction from serum with 
ethyl acetate, theophylline and the internal standard were derivatized 
with pentafluorobenzyl bromide under alkaline conditions. The deriva- 
tives were quantitated by electron-capture detection. The method has 
a sensitivity of 0.1 pg/ml with a 0.1-ml serum sample. 


Keyphrases Theophylline-electron-capture GLC determination 
of serum levels 0 GLC, electron capture-analysis, theophylline in serum 


Relaxants, smooth muscle-electron-capture GLC analysis of theo- 
phylline in serum 


Methods for the determination of theophylline in bi- 
ological fluids are based on spectrophotometry (1-3), GLC 
( 4 4 ,  TLC (9), and high-pressure liquid chromatography 
(10-14). Recently, an electron-capture GLC procedure was 
reported (15) that involves the extraction of theophylline 
and the internal standard, theobromine, into methylene 
chloride by elution through a cellulose column. The com- 
pounds are then back-extracted into an alkaline aqueous 
phase and derivatized with pentafluorobenzyl bromide by 
extractive alkylation. The derivatives are separated from 
excess reagent by solvent extraction and finally determined 
by electron-capture GLC. This method is tedious, and the 
use of theobromine as an internal standard is not a good 
choice because i t  is present in beverages such as tea and 
cocoa and is a metabolite of caffeine (16-18). 


The present, rapid method requires only 0.1-ml serum 
sample. It involves one-step extraction of the serum sample 
with ethyl acetate, followed by derivatization with pen- 
tafluorobenzyl bromide under alkaline conditions at looo. 
Excess reagent is removed by evaporation. A chemical 
isomer of theophylline, which is not present in beverages 
and is not a metabolite of caffeine, is used as the internal 
standard. The sensitivity of the assay is 0.1 pg/ml with a 
0.1 -ml serum sample. 


EXPERIMENTAL 
Reagents and Materials-Theophylline', the internal standard 


1 Theophylline USP (C~HaN10rH20).  


(5,7-dimethyl-2H-pyrazolo[3,4-d]pyrimidine-4,6-(5H,7H)-dione, I)2, 
and pentafluorobenzyl bromide3 were used as supplied. The other 
chemicals were analytical reagent grade. 
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Figure 1-GLC tracings of extracted serum samples. Key: A, serum 
blank containing the internal standard; 3. serum standard containing 
the internalstandard and theophylline at 5 ggcglmlserum; 1, theophyl- 
line; and 2, internal standard. 


Nippons Shinyaku Co.. Kyoto, Japan. 
Pentafluorobenzyl bromide, Pierce Chemical Co., Rockford, Ill. 
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Figure %-Comparison of blood clearance rates of BBmTc-dimer- 
captosuccinic acid (0). 99mTc-dimercaptoglutaric acid (X), and 
BgmTc-dimercaptoadipic acid (0) formed at pH 2.5. 


kidney accumulation of V-VII uersus postinjection time is shown in Fig. 
1. Within a few hours after injection of the acidic complexes, V concen- 
trated most highly in kidney tissue, plateauing at slightly above 30% of 
the total injected radioactivity. Five-carbon VI reached a maximum of 
15%. and six-carbon VII concentrated least of all, plateauing a t  8%. Paired 
t test analysis showed the curves to be significantly different (p < 0.05) 
for periods greater than 2 hr. 


In contrast, the basic complexes showed an initial low kidney accu- 
mulation that radically dropped a short time after administration. Least 
sensitive of all to pH changes was VII, which showed very low kidney 
uptake of both acidic and basic preparations. In all cases, as the radio- 
activity in kidney tissue decreased, a marked increase in activity was 
found in the animal’s excreta. 


Figure 2 shows the average blood clearance of the three complexes 
formulated a t  pH 2.5. Slowest to clear was VII. The relative blood 
clearance rates were the same for complexes prepared a t  pH 7.5, but the 
individual clearance rates were faster. These complexes were excreted 
within 0.5 hr of injection. 


Further studies indicated that low pH preparations were necessary 
for high kidney localization of the complexes. Complexes prepared a t  pH 
2.5 and then raised to pH 7.5 by sodium bicarbonate addition prior to in 
oioo injection localized strongly in the kidney. However, complexes 
prepared a t  pH 7.5 and then lowered to pH 2.5 by hydrochloric acid ad- 
dition still showed low kidney localization and were excreted rapidly. 
These observations are in agreement with those previously reported 
(9). 


The ligand to tin ratio during complex formation and the injection time 


after complex preparation did not significantly affect the degree of 
complex localization in kidney tissue. During these studies, the ligand 
to tin ratio varied from 2:l to 101, and the complexes were injected from 
30 min to 6 hr after their preparation. If the complexes were not prepared 
using pure ligand and reagents and in an inert atmosphere, they rapidly 
decomposed into fragments that concentrated in the liver. 


The nature of the technetium complexes formed is uncertain. The 
presence of two mercapto groups in the dicarboxylic acid molecules was 
necessary for good kidney uptake of the complexes. Comparative studies 
in this laboratory6 using various monomercapto homologs such as 
99mTc-mercaptoacetic acid and 99mTc-thiolactic acid showed that these 
complexes were more rapidly excreted and that their renal uptake was 
lower. 


Reduction of pertechnetate with stannous chloride was used in this 
study because it was easy, rapid, and convenient. The complexes prepared 
by this method accumulated sufficiently in the kidney. However, re- 
duction with hydrogen bromide, which can be used for a variety of mer- 
captan compounds, gave a higher deposition in the kidney with a con- 
siderable reduction in the excretion rate. Table I1 shows the distribution 
of V prepared by this method. The reason for the higher uptake is un- 
known. I t  may be due to the formation of a purer complex than that 
formed by tin reduction or to formation of an entirely different complex 
with higher specificity for kidney tissue. 


Further studies are in progress to investigate the nature of complex 
formation as well as the chemical structure-kidney localization rela- 
tionship. 
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Abstract Hydrocortisone stability in human feces was studied under 
various conditions to determine whether stability accounts for the vari- 
able effects of hydrocortisone enemas. Recovery from feces and assay 
specificity were assured using dual isotopes, TLC separation, and liquid 
scintillation counting. Hydrocortisone degraded slightly from 7 to 26% 
in 24 hr when incubated in fresh human feces a t  37’. Less than 7% deg- 
radation occurred in feces stored a t  lo’, and negligible degradation oc- 
curred with hydrocortisone in water a t  37’. Fecal bacteria may account 


for the observed degradation. Hydrocortisone stability in feces may 
contribute to local persistence and may account partly for i t s  efficacy in 
ulcerative colitis treatment. 


Keyphrases 0 Hydrocortisone-degradation, human feces, various 
rectal dosage forms 0 Dosage forms-hydrocortisone, various rectal 
dosage forms, degradation in human feces 0 Stability-hydrocortisone 
in human feces, various rectal dosage forms 


Rectally administered hydrocortisone (cortisol) is an 
established mode of long-term ulcerative colitis therapy. 


I t  has the proposed advantage of direct drug delivery 
without excessive systemic absorption and the attendant 
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Table I-Extraction of Hydrocortisone from Feces: Percent 
Recovery of Added Radiochemical 


Sample 4-14C-Hydrocortisone 1 ,2-3HHHvdrocortisone 


1 
2 
3 
4 
5 
6 


Mean cv. 96 


69.2 
74.7 
76.8 
74.2 
70.2 
66.8 
72.0 


5.3 


70.7 
74.7 
72.6 
78.7 
72.9 
67.5 
72.9 


5.2 


risk of side effects (1-3). 
Reported systemic hydrocortisone absorption following 


rectal administration is 0-50% of that seen after oral ad- 
ministration (1, 3). The reason for incomplete rectal ab- 
sorption is uncertain. In particuiar, hydrocortisone sta- 
bility in the colo-rectal environment has never been 
demonstrated. Fecal bacteria are capable of 21-dehy- 
droxylating certain corticoids ( 4 , 5 )  and may degrade hy- 
drocortisone in feces. 


This paper describes the analysis and in uitro stability 
of hydrocortisone in human feces incubated a t  37'. 


EXPERIMENTAL 


MateriaI~-l,2-~H-Hydrocortisone [250 pCi/0.002 mg in 0.25 ml of 
benzene-ethanol (9:1)] and 4-14C-hydrocortisone 150 pCi/O.33 mg in 2.5 
ml of benzene-ethanol (9:1)] were receivedl in sealed ampuls. The "- 
hydrocortisone was diluted to 15 ml with benzene -ethanol (9:l). 


Hydrocortisone as the free alcohol' and two commercial hydrocortisone 
rectal enema suspensions3 were used as received. Acetone, ethanol, tri- 
chloroacetic acid, benzene, methylene chloride, sodium chloride, and 
sodium hydroxide were reagent grade. Reagent.s and standards were 
prepared with distilled and deionized water. 


Fecal samples were collected in 1-liter polytef-linedJ metal paint c a d .  
Hydrocortisone was extracted from fecal homogenate using 50-ml conical 
polyethylene tubes6, and extracts were separated on silica gel 60 F-254 
precoated T I X  plates7. Radioactive samples and quenched standards 
were prepared with a universal liquid scintillation cocktails. 


Apparatus-Hydrocortisone on TLC plates was visualized using a 
short wavelength (2,M nm) UV visualizing cabinetg. Dud-labeled samples 
were counted with a liquid scintillation spectrometer'o. 


Radiochemical Standards-Dilute stock solutions of "H- and 14C- 
hydrocortisone were prepared. Aliquots (0.3 ml) of 3HH- hydrocortisone 
(16.7 pCi/ml) and 14C-hydrocortisone (20 pCi/ml) were transferred to 
separate 50-ml volumetric flasks and diluted to volume with benzene- 
ethanol (9:l). These solutions were stored in amber, glass-stoppered 
bottles at  10". 


Ethanolic radioactive hydrocortisone standard solutions were prepared 
as needed hy evaporating small volumes (3-5 ml) of the stock sotutions 
under nitrogen and reconstituting immediately with equal volumes of 
pure ethanol. These solutions were used for no longer than 72 hr and were 
stored in darkness at 10". 


Quenched Standards-A set of quenched standards was prepared 
for "H- and 1%-hydrocortisone to facilitate counting efficiency deter- 
mination of each isotope. 


To each of six scintillation vials were added 10 ml of scintillation 
cocktail, 3 ml of water, and 100 pl of either 3H- or 14C-hydrocortisone 
stock solution. Acetone was added as a quenching agent so that one vial 
in each set contained 0,0.1,0.3,0.5,0.7, or 0.9 ml. 


Standard curves were prepared by plotting the external standards ratio 
(an index of quench) ilersus the counting efficiency of each label in two 
preset energy channels. 


1 New England Nuclear, Boston, Mass. 
!Sigma Chemical Co., St.  Louis, Mo. ,' I-Rectoid, I'harmacia; 11-Cortenema. Rowell Laboratories 
4 Teflon, du Pont. 


Glidden Paint Co.,  Buffalo. N.Y. 
Becton. Dickinson and Co.. Cockeysville, Md. 
E. Merck, Dwmstadt, West Germany. 
Scinti-Verse, Fisher Scientific Co.. S ringfield. N.J. 
Ultra-Violet Products, San Gabriel, galif. 


' 0  Packard Instrument Co..  Downers Grove, 111. 


Stability Protocol--Hydrocortisone stability was tested as three 
different formulations in biological specimens and under various con- 
ditions: 


1 .  Incuhation in feces a t  37"-hyclrocortisone enema I,  three subjects; 
hydrocortisone enema 11, one suhject; and hydrocortisone free alcohol. 
one suhject. 


2. lncuhation in leces a t  lO"--hydrocortisoiie enema 1, one suhject. 
3. Incuhation in water a t  37"-hydrocortisone enema 11, one 


suhject. 
Fecal Collection---Fresh fecal samples were collected from three 


healthy volunteers in clean dry-weighed metal cans. The cans were 
weighed again, an equal weight o f  water was added, and the contents were 
shaken vigorously for  1 hr. 


Incubation--Each test series consisted of 1 -g  aliquots of fecal ho- 
niogenate or water in six 50-ml plastic tubes. To each set of tuhes was 
added hydrtzortisonr enema I, 11, or aqueous hydrocortisone free alcohol 
so that  the resulting hydrocortisone concentration in each sample was 
0.25 mg/g. 


Freshly prepared ethanolic 14C- hydrocortisone solution ( 150 pl, 
-39,960 dpm) was added to each tuhe, and the contents were vortexed 
for 30 sec. The tuhes were sealed, covered with foil, and placed in either 
a conslant-temperature water bath a t  37" or a refrigerator a t  10". 


Samples from each test series were removed from incubation a t  0, 3.  
6 , 1 1 , 1 4 .  and 24 hr. Freshly prepared :'H-hydrocortisone in ethanol (150 
pl, -33,300 dpm) was added immediately to each tube to serve as an in- 
ternal recovery standard and to account for losses during extraction. Six 
milliliters of trichloroacetic acid (6%)) was added, and the contents were 
vortexed lor 1 min. Following centrifugation a t  3090 rpm for 10 min, the 
supernate was transferred to a clean plastic tube and stored a t  loo. 


Analytical Procedure-Extraction-To the supernate were added 
4 ml of saturated sodium chloride solution and 35 ml of methylene 
chloride. After shaking vigorously for 30 min, the mixture was centrifuged 
a t  3000 rpni for  5 niiri. The aqueous layer was aspirated and discarded. 
Then 10 ml of 0.1 N NuOH was added, and the mixture was vortexed for 
1.5 sec. Following centrifugation a t  3000 rpm for 5 min, the aqueous layer 
was again aspirated and discarded. The resultant methylene chloride 
phase was evaporated to dryness in the same tube under nitrogen with 
gentle heat (55") provided by a water bath. 


TLC-The residue was reconstituted with I00 pl of methylene chlo- 
ride. Approximately 30 pI of this solution was spotted on the TLC plate 
with a 5-pl capillary tube. A known hydrocortisone standard in methylene 
chloride (0.5 mgiml) was also spotted on the plate. Plates were developed 
in henzene-acetone (50:50) for the entire length of the plate (18 cm). The 
steroid R f  was 0.4. The hydrocortisone in each sample was visualized 
under LIV light at 254 inn and compared to the hydrocortisone standard. 
Degradation products were observed but were not identified. 


Liquid Scintillation Spectrometry-The silica was scraped from 
sections of the plate corresponding to unchanged hydrocortisone and 
placed in a scintillation vial containing 10 ml of scintillation cocktail and 
3 ml of water. Cocktails were prepared to quantitate the actual disinte- 
grations per minute in the ethanol solutions of and I4C-hydro- 
cortisone that were added to these samples. 


All samples were run with the two quenched standards sets and 
counted for approximately 10 min or 10,000 cpm under preset dual-label 
counting conditions. 


Calculations -(Inchanged 14C-hydrocortisone radioactivity (disin- 
tegrations per minute) was analyzed as a function of time in all test 
groups. The amount of unchanged 14C-hydrocortisone in each sample 
before extract,ion was determined as follows. 


The disintegrations per minute of carbon 14 in a sample was deter- 
mined hy: 


I4C dpm = I T  cpm/efficiency of 14C in 14C channel (Eq. 1) 


The counts per minute of hydrogen 3 in each sample was corrected for 
its efficiency in the hydrogen 3 window as well as the efficiency of carbon 
14 in the hydrogen 3 window: 


3H dpm 
:W cpm - (14C dpm X efficiency of 14C in 3H window) 


efficiency of 3H in 3H window 
= (Eq. 2) 


The internal standard (3HH-hydrocortisone) recovery efficiency was de- 
termined by: 


3H dpm 
known 3H dpm added to sample 


recovery efficiency = (Eq. 3 )  
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The unchanged 14C-hydrocortisone present in the sample hefore ex- 
traction was then calculated: 


''C dpm calculated 
recovery efficiency 


actual I 4 C  dpm = (Eq. 4) 


Ext rrrction Efficiency and Reproducibilit y-14C-Hydrocorti~one and 
3HH-hydrocortisone were added to six 1-g fecal homogenate samples, and 
the extraction procedure was performed. Following extraction, the 
methylene chloride phase was transferred to an empty scintillation vial 
and dried under nitrogen with gentle heat. Scintillation cocktail and water 
were added to the vials, and they were counted using the dual-label set- 
ting. The mean recovery of each labeled compound from feces was de- 
termined as well as the variability in recovery. 


Added Radioactiuity Hccoivry-The appearance of I4C-hydrocor- 
tisone degradation products with time was quantitated for one incuhated 
fecal sample set. After the regions corresponding to unchanged hydro- 
cortisone had heen scraped from the TLC plates, the remaining silica gel 
for the 0-, 1 I - ,  and 24-hr samples was scraped into separate vials and 
counted. Added 1"-hydrocortisone recovery (unchanged and degraded) 
was calculated for each sample. 


RESULTS 


Extraction Technique-The efficiency and reproducibility of the 
technique are shown in Table I. The similarity in recoveries of the two 
labeled compounds in each sample indicates that  either compound may 
be used as an internal recovery standard for the other. The extraction 
procedure reproducibility was good with a variation coefficient of about 
5%. 


Stability Studies---Hydrocortisotie degradation over time under 
various conditions is presented in Fig. 1. Hydrocortisone enema I deg- 
radation in the feces of three different suhjects ranged from 4.4 to 12.3% 
in 6 hr and from 7 to 26?6 in 24 hr (Fig. 1A). This same formulation showed 
negligible degradation when incuhated a t  37" in water (Fig. 1B). A study 
comparing hydrocortisone degradation in the feces of one subject under 
different temperature conditions (Fig. 1C) showed only 6.5% degradation 
a t  loo as compared to 26% at 3'7" in 24 hr. 


The degradation of three hydrocortisone formulations in the incubated 
feces of one subject (Fig. 1D) ranged from 13.6 to 26%, with the least 
degradation occurring with hydrocortisone free alcohol. 


Added Radioactivity Recovery-At 0 , l l .  and 24 hr, the total carbon 
14 percent present on the TLC plate as degradation product was 3.5,9.6, 
and 15.6%. respectively. The added carbon 14 percent recovery, as both 
unchanged and degraded hydrocortisone, was 102,893, and 83.1 for the 
0-, 1 I-, and 24-hr samples, respectively. Inability to extract degradation 
products from feces as efficiently as unchanged hydrocortisone may ac- 
count for the observed decrease in  total radioactivity recovery with time. 
These results might also be explained hy increased binding of unchanged 
hydrocortisone to incuhated feces over time. 


DISC USSlON 


Hydrocortisone incubation in  human feces resulted in as much as 2696 
degradation over 24 hr. Hydrocortisone given as an enema, however, is 
rarely retained in the rectum and colon longer than 6 hr, and the maxi- 
mum observed degradation was 12% a t  this time. 


Fecal material itself causes hydrocortisone degradation rather than 
temperature and hydrolysis (Fig. 1B). Relative hydrocortisone stability 
in water a t  65' was previously reported (6) as a degradation t 112 of 25 days. 
A lower temperature apparently confers protection against degradation 
in feces (Fig. 1C). This phenomenon may be consistent with bacterial 
hydrocortisone degradation. Other investigators (4,5) recently isolated 
and characterized in human feces bacterial organisms capable of me- 
tabolizing corticosteroids. 


The small amount of hydrocortisone added to feces in the study (0.25 
mg/g of fecal homogenate) was chosen to provide realistic exposure of 
hydrocortisone to fecal material, thus maximizing any possible degra- 
dation. The usual rectal hydrocortisone dose is 100 mg. Because the fecal 
samples were diluted twofold, the hydrocortisone concentration was 
actually 0.5 mglg of feces. This concentration was selected assuming an 
average of 200 g of feces in the rectum a t  the time of hydrocortisone ad- 
ministration. 


Because the greatest hydrocortisone loss was 2696 in 24 hr a t  0.5 mg/g 
of feces, only 6.596 of the drug should degrade in 6 hr if the process is first 
order. Extrapolation of these results to the clinical situation shows that 
even with a large fecal content in the rectum and thorough mixing of the 
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Figure 1-Hydrocortisone degradation as a function of &imp cmdrr 
various conditions. A. Hydrocortisone enema I degradation in fecal 
samples from three human oolunteers. Samples u w e  incubated a t  3 7 O .  
R. Hydrocortisone enema I degradation in water to) and human feces 
(.I a t  37". C.  Hydrocortisone enema I degradation in fecal samples 
incubated a t  370 (m) and refrigerated a t  10° (0). D. Comparison of three 
hydrocortisone product degradations in human feces at  37". Key: 0, 
hydrocortisone free olcohol in aqueous solution; m, hydrocortisone 
enema I; and A, hydrocortisone enema II. 


administered hydrocortisone with rectal contents, little of the drug should 
actually be degraded during retention. For a 100-mg dose, only 6.5 mg 
should degrade in 6 hr. 


I t  is widely assumed that the therapeutic benefit of hydrocortisone 
enemas is due in part to local action on the intestinal mucosa of ulcerative 
colitis patients. Previous studies (1,3) suggested that hydrocortisone is 
incompletely absorbed through the intestinal mucosa and, therefore, 
persists in and acts upon the large intestine and rectum. A local effect 
could also result, from lower GI tract exposure to the steroid during ab- 
sorption. This demonstration o f  minimal hydrocortisone degradation 
in fecal material excludes one potential factor responsible for incomplete 
systemic availability of rectally administered hydrocortisone. Other 
factors that may account for incomplete systemic hydrocortisone avail- 
ability include first-pass intestinal mucosa and/or liver metabolism and 
slow absorption and inadequate retention in the lower bowel. 
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Abstract 0 A highly sensitive and specific GLC method was developed 
for the analysis of butylated hydroxyanisole, a commonly used antioxi- 
dant. Concentrations below 100 ng/ml could be detected in human plasma 
and urine. Preliminary pharmacokinetic studies demonstrated that, upon 
administration of 100 mg PO, butylated hydroxyanisole was quickly ab- 
sorbed and removed from the plasma with a high degree of intersubject 
variability. 


Keyphrases 0 Butylated hydroxyanisole-GLC analysis in plasma and 
urine CLC-analysis, butylated hydroxyanisole in plasma and urine 


Antioxidants-butylated hydroxyanisole, CLC analysis in plasma and 
urine 


Butylated hydroxyanisole (I) is a commonly used food 
antioxidant (1) in this country (average intake: 35-140 
mg/day). Although generally regarded as safe (GRAS list), 
several studies reported various pharmacological and 
toxicological properties (2-4). No study, however, has 
addressed its disposition characteristics in humans. Pre- 
viously (5) ,  concentration-dependent binding of I to 
human serum albumin was reported. 


The purpose of this investigation was to develop a spe- 
cific and sensitive technique for the analysis of I in plasma 
and urine that can be used to study the kinetics of the 
absorption and disposition of I. 


EXPERIMENTAL 


Apparatus-A gas chromatograph’ was equipped with a flame-ion- 
ization detector. A 1.8-m long, 3.13-mm o.d., and 2.13-mm i.d. stainless 
steel column2 was packed with 5% QF-1 as the stationary phase coated 
on 80-100-mesh Gas Chrom WAW as the supporting phase2. The column, 
detector, and injection port temperatures were 165,225, and 215O, re- 
spectively. The carrier gas (nitrogen), hydrogen, and air flow rates were 
30,40, and 300 ml/min, respectively. Injections of 2-3 pl were made with 
a 10-pl syringe3. 


Reagents and Chemicals-Pure samples of I and butylated hy- 
droxytoluene (II), the internal standard, were obtained commercially”. 
All other reagents were reagent grade5. 


Analysis of I in Plasma and Urine-To 1 ml of plasma or 5 ml of 
urine in a 15-ml centrifuge tube, a 0.2-ml solution of I1 (10 pg/ml) was 
added. A 4-ml portion of petroleum ether5 also was added to the tube, 
which was then stoppered with an aluminum foil-lined closure and 
shaken6 for 10 min. The organic layer was transferred to another cen- 


oH CH., CH, OH CH, 


1 Varian Aerograph model 1400, Varian, Park Ridge, Ill .  
2 Alltech Associates, Arlington Heights, Ill .  
3 Hamilton Co., Reno, Nev. 
4 Nutritional Biochemicals Corp., Cleveland, Ohio. 
5 Fisher Scientific Co., Fair Lawn, N.J. 
6 Precision Scientific Corp., Chicago, 111. 


trifuge tube containing 3 ml of 5% sodium bicarbonate, and this tube was 
stoppered and shaken for another 10 min. A 3-ml aliquot of the organic 
layer was transferred to another tube and evaporated to dryness under 
a gentle stream of nitrogen in a beaker water bath held a t  30°. The residue 
was dissolved in 50 pl  of carbon disulfide, and aliquots of 2-3 pl were in- 
jected onto the column for quantification. 


The calibration curves were constructed by adding 0.25,0.50,0.75,1.0, 
and 2.0 pg of I to 1 ml of human plasma or 5 ml of human urine. The peak 
height ratios of I and I1 plotted against spiked concentrations of I gave 
good linear correlations. 


Human Experiments-Two healthy adult male volunteers, 55 and 
60 kg, who had not ingested any products containing I or I1 for 2 weeks 
were each given 100 mg of I in a gelatin capsule with 200 ml of water after 
overnight fasting. Blood samples were withdrawn a t  0.5,1,2,4,6, and 8 
hr following administration; pooled urine samples were collected for 0-8-, 
8-16-, 16-24-, and 24-36-hr intervals. All samples were kept frozen and 
protected from light until analyzed. 


RESULTS AND DISCUSSION 


Several analytical methods for the detection of I in food products (6-1 1) 
require large samples, are not very sensitive, and are not applicable to 
the analysis of biological samples. 


HOURS 


Figure I-Plasma concentration profiles of free butylated hydroxy- 
anisole following oral administration of 100 mg in two subjects. 
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Table I-Precision and  Accuracy of the Assay Applied to Spiked 
Human Plasma Samples 


Spiked Determined 


ng/ml ng/ml f SEM" Range 
Concentration, Concentration, 


200 200 f 1.0 194-205 
500 500 f 0.8 488-5 I 2 


1000 998 f 1.0 970-1026 
3000 3087 f 2.5 2870-3303 


a n  =6. 


The extraction procedure suggested here results in a noise-free blank 
for the plasma and urine. The spiked samples (prepared from a stock 
solution of 1 mg/ml in ethanol) showed excellent resolution. The retention 
time for I was 4 min, whereas the internal standard (11) appeared a t  3.0 
min. These short retention times are highly desirable, allowing large 
numbers of samples to be analyzed in a short time. The extraction effi- 
ciency was calculated to range from 75 to 8096 when compared with the 
standard solutions prepared in carbon disulfide. 


The sensitivity of the column under these conditions allowed detection 
of quantities as low as 10 ng injected onto the column; however, the 
concentration of I that could easily be detected in plasma and urine was 
below 100 ng/ml. The precision and accuracy of the analytical method 
were discerned by spiking the plasma samples with concentrations 
ranging from 200 to 3000 ng/ml. Table I reports the determined con- 
centrations of the spiked samples. 


The plasma I levels following administration of a 100-mg oral dose are 
shown in Fig. 1. Each data point represents the average of six determi- 
nations. A large degree of intersubject variation was noted in terms of 
the time and magnitude of the peak concentration. After a rapid rise in 
the plasma concentration, a sharp decline resulted in the lowering of the 
concentration to below 100 ng/ml within 2 hr for Subject 1 and 6 hr for 
Subject 2. Therefore, the bioavailability of I and its rate of absorption 
may differ greatly between subjects. 


Less than 1% of the administered dose of I was eliminated in the urine 


Table  11-Recovery of Free Butylated Hydroxyanisole in Urine a 


Hours Subject 1 Subject 2 


0-8 0.080 i 0.012 
8-16 0.570 f 0.009 


16-24 0.033 f 0.0017 
24-36 0.00 


0.050 f 0.011 
0.431 i 0.009 
0.027 f 0.025 
0.00 


Percent of administered dose f SEM. 


as intact drug (Table 11). which is in concurrence with a previous study 
(1). 


Detailed pharmacokinetic studies are in progress. 
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Abstract A loading dose of digoxin (750 Wg) in two commercial for- 
mulations was administered to 14 patients with heart disease according 
to a crossover design. One formulation consisted of soft gelatin capsules 
containing a solution of digoxin; the other formulation was compressed 
tablets. All parameters investigated, i.e., serum peak height, time of the 
peak, area under the serum level-time curve (AUC),  and area above the 
Q-Szl (electromechanical systole) decrease (obtained from polycardi- 
ographic evaluation), showed better bioavailability of digoxin capsules 
than tablets, averaging 36.3%. The better bioavailability of digoxin 
capsules than tablets seems to be more evident in heart disease patients 


than that encountered previously in healthy subjects. The AUC and the 
area above the Q-S2I decrease were linearly correlated only with digoxin 
capsules. 


Keyphrases Bioavailability-digoxin capsules and tablets compared 
in cardiac patients Heart function index-digoxin capsules and tablets 
compared in cardiac patients Digoxin-bioavailability and heart 
function index, capsules and tablets compared in cardiac patients 
Cardiotonic agents-digoxin, bioavailability and heart function index, 
capsules and tablets compared in cardiac patients 


A marked lack of uniformity in content and bioavail- 
ability of digoxin tablets was reported (1-5) for different 
formulations as well as for different batches of the same 
marketed product. In the last few years, a fairly satisfac- 


tory bioavailability level has been achieved in most com- 
mercial preparations of digoxin tablets that meet the Food 
and Drug Administration's recent specific requirements 
(6). The most important development in this field is the 
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Stable Solutions for Marijuana Analysis 


Keyphrases Marijuana-GLC analysis, stability of cannabinoids in 
chloroform and ethanol solutions 0 Cannabinoids-GLC analysis, sta- 
bility in chloroform and ethanol solutions 0 GLC-analysis, marijuana, 
stability of cannabinoids in chloroform and ethanol solutions 


To the Editor: 
Research on the stability of synthetic and naturally 


occurring cannabinoids in chloroform solution resulted in 
conflicting reports by Parker et al. (1) and Turner and 
Henry (2). Greater decomposition of synthetic cannabidiol 
stored in spectrograde chloroform over an 8-day period was 
reported relative to its stability in ethanol (1). However, 
in a subsequent 3-month stability study (2), chloroform 
solutions of synthetic cannabidiol were stable for 21 days, 
despite daily exposure to both ambient temperature and 
a combination of natural and artificial light under normal 
laboratory conditions. 


This discrepancy was of interest because of our current 
involvement with marijuana analyses; our past experience 
with such analyses seemed to be midway between these 
two conflicting reports. Observations made during the 
development of our methods led us to the conclusion that 
chloroform solutions of cannabinoids should be refriger- 
ated at  all times (3). 


Since the authors of the cited articles had used differing 
commercial brands of chloroform, we repeated the Parker 
et al. (1) study, replacing their brand of spectrograde 
chloroform' with the one2 used by Turner and Henry (2). 
The GLC analysis was performed using a gas chromato- 
graph3 equipped with a hydrogen flame-ionization detector 
and a glass column packed with 3% OV-17 on 100-120- 
mesh Supelcoport4. The experimental conditions were: 
column temperature, 210'; injector temperature, 250"; 
detector temperature, 250'; and internal standard, dl - 
methadone hydrochloride. 


Our results were nearly identical to those reported by 
Parker et al. (1); the ratio of the areas of the cannabidid5 
uersus internal standard peaks decreased an average of 
16%/day for the chloroform solutions as compared to an 
average decrease of only O.G%/day for the ethanol solutions. 
Solutions were stored in darkness at room temperature in 
well-sealed vials. We also tried 4-androsten-3,17-dione6 
as an internal standard since it was used by the previous 
researchers. No quantitative differences were found be- 
tween 4-androsten-3,17-dione and dl-methadone hydro- 
chloride. Methadone hydrochloride was preferred for our 
studies since it gave a sharper, more easily quantified CLC 
peak than did 4-androsten-3,17-dione. 


Dr. Turner informed us that the cannabidiol used for 
analysis in his laboratories is first purified using column 
chromatography. In addition, the solute concentration 
used was 10 times greater than that used by Parker. Since 
either of these factors might affect solution stability, we 
tried to attain a stable solution of the column-purified 
material at both concentrations. Again, the solutions were 


I Fisher Scientific. 
Mallinckrodt nanograde. 
Perkin-Elmer model 900. 


Applied Sciencr I.at)r~rat~~ries (purity o f  W%). 
Applied Science I.ahi)ratories. 


4 Supelco. 


Table I-Decomposition of Synthetic Cannabidiol in Chloroform 
Solution 


Ratio of Cannabidiol to 
Methadone Peak Areas 


Conditions Initiallv After 3 hr After 24 hr 


Constant exposure to ambient 1.2 1.1 0.62 


Constant exposure to ambient 1.4 1.4 1.3 


temperature and fluorescent 
light 


temperature and darkness 


unstable overnight and strongly discolored by the 3rd day. 
Thus, although the chloroform solutions of synthetic 
cannabidiol stored in darkness showed less than a 1% de- 
crease on the day they were prepared, significant decom- 
position occurred by the 2nd day and continued steadily 
thereafter (Table I). 


The stability of cannabinoid constituents in various 
solvents during analysis of actual plant material is of fo- 
rensic importance. For this reason, we studied extracts 
from plant material, continuing to investigate cannabidiol 
stability but giving primary consideration to the stability 
of the active constituent, tetrahydrocannabinol. Turner 
and Henry (2) also included plant material in their 
study. 


Our procedure was as follows. For the chloroform solu- 
tion, 1 g of plant material was placed in a stoppered flask 
containing 20 ml of chloroform and 17.4 mg of methadone 
hydrochloride. The flask was placed in the refrigerator and 
shaken at 10-min intervals for 1 hr; then the plant material 
was filtered off and discarded. This chloroform solution 
was used directly for injection. To prepare the ethanol 
solutions, 1 g of plant material was extracted with pure 
chloroform as already described. After filtration, the 
chloroform was evaporated and the residue was redissolved 
in 20 ml of ethanol containing 17.4 mg of methadone hy- 
drochloride. 


Standard chloroform and ethanol extraction solutions 
were refrigerated a t  all times, and peak area ratios for 
cannabidiol to methadone and tetrahydrocannabinol to 
methadone were obtained daily. Both solutions were stable 
for several weeks under these conditions. 


Preliminary degradation studies were done to determine 
the effect of sunlight, fluorescent light, and temperature 
on cannabinoid stability. The standard ethanol and chlo- 


Table 11-Effect of Sunlight and Laboratory Conditions on the 
Stability of Chloroform and Ethanol Solutions of Plant Material 


~~ 


Ratio of  
A9-Tetrahydro- Ratio of 


Total cannabinola Cannabidiol" 
Exposure to Methadone to Methadone 


Conditions Time Peak Areas Peak Areas 


Sunlight 
Ambient labora- 


tory 
Control 


Sunlight 
Ambient labora- 


tory 
Control 


Chloroform Solution 
30 min 0.63 0.20 
Overnight 0.68 0.12 


- 1.00 0.27 


30 min 0.63 0.26 
Ethanol Solution 


Overnight 0.81 0.26 


- 0.81 0.28 


" The identities of the A9-tetrahydrocannahind and cannabidiol peaks were 
cmfirmed tiy mass spectrwnetry. 
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Table 111-Effect of Sunlight on Chloroform Solutions with and 
without Added Stabilizers 


Ratio of 
Ag-Tetrahydro- Ratio of 


Total cannabinol Cannabidiol 
Exposure to  Methadone to Methadone 


Parameter Time, min Peak Areas Peak Areas 


With stabilizers 30 1.1 0.32 
Control - 1.1 0.31 


Without stabilizers SO 0.63 0.20 
Control - 1.0 0.27 


roform extraction solutions (100-pl portions) were exposed 
to these conditions for controlled periods. Stability was 
tested by comparison of ratios from the exposed solutions 
to daily ratios from the standard solutions (Table 11). 


Thirty minutes of exposure to sunlight caused rapid 
decomposition and decolorization in the chloroform so- 
lution and a significant, although lesser, amount of de- 
composition in the ethanol solution. Overnight exposure 
to a combination of fluorescent light and room tempera- 
ture, an approximation of normal ambient laboratory 
conditions, caused a marked decomposition in the chlo- 
roform solution; the ethanol solution remained stable 
within experimental error after more than 18 hr of expo- 
sure to these conditions. 


Decomposition in chloroform solution is not significant 
for our current method, which limits solution exposure to 
ambient laboratory conditions to 30-45 min. For other 
laboratories, handling and sampling procedures may make 
lengthy exposure to normal ambient laboratory conditions 
unavoidable. In such cases, the demonstrated cannabinoid 
stability in ethanol suggests that the most reliable proce- 
dure for analysis would be extraction with chloroform, 
flash evaporation of the solvent, and redissolution in eth- 
anol. This procedure is still inconvenient, however, for any 
analyst who does not do such work on a routine basis or 
who has a large number of samples to analyze. The con- 
venience of maintaining the cannabinoids in the extracting 
solvent is often desirable, so a means of stabilizing the 
chloroform solution would be useful. 


Since cannabinoid degradation by chloroform is thought 
to be a free radical reaction (4), a combination of free 
radical inhibitors was added to portions of the chloroform 
solutions immediately subsequent to the extraction pro- 
cedure. To each 5-ml aliquot, 2.6 pl of mercaptoethanol 
and enough sodium diethyldithiocarbamate to saturate 
the solution were added. Portions of this solution (100 p1) 
were removed for timed exposures to sunlight or normal 
laboratory conditions. Control solutions were refrigerated 
routinely, and stability was measured by comparison of 
peak area ratios from these 100-pl portions with those from 
the control solutions. 


After 30 min of exposure to sunlight, there was no evi- 
dence of decomposition in the stabilized solution, as 
compared to 25-35% decreases in the cannabinoid- 
methadone ratios for the solution without added stabilizers 
(Table 111). In addition, the solution containing the sta- 
bilizers remained stable for up to 10 hr of exposure to 
normal ambient laboratory conditions. Therefore, we 
suggest that chloroform solutions of naturally occurring 
cannabinoids either be refrigerated at  all times or, if sub- 
stantial exposure to fluorescent or natural light cannot be 


avoided, that the combination of stabilizers, sodium 
diethyldithiocarbamate and mercaptoethanol, be added 
as a protective measure. 
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Selectivity of Silicone Rubber toward 
Prostaglandin Permeability 


~ ~ ~~ ~ 


Keyphrases 0 Silicone rubber membranes-selectivity toward transport 
of E and F prostaglandins 0 Prostaglandins, E and F-transport selec- 
tivity of silicone rubber membranes Delivery systems, potential-sil- 
icone rubber membranes, selectivity toward transport of E and F pros- 
taglandins 


To the Editor: 
Considerable interest is being focused on the design of 


controlled-release drug delivery systems (1,2). Their ra- 
tional development requires a basic understanding of the 
physical-chemical parameters that control drug transport 
through the delivery module. The type of polymer matrix 
and the chemical form of the drug must provide a delivery 
rate in phase with the pharmacological potency of the 
therapeutic agent. 


In the field of fertility regulation, several prostaglandins 
in various vaginal dosage forms have been studied to op- 
timize bioavailability, reduce side effects, eliminate mul- 


HOURS 
Figure I--Amount o/ prosfaglutidin transportrd across a silicont. 
rubbvr membrane as a function of t i m r .  The donor cornparlnic.nt i i ' a s  


maintained saturated iuith drug. and the  mc,mhrotw thickness wo.r il.ll.5 
cm. Key: A, dinoprost isopropyl ester: 0 .  dinoprost othyl v s t  er; and 0 ,  
dinoprost methyl ester. 
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Table I-Precision and  Accuracy of the Assay Applied to Spiked 
Human Plasma Samples 


Spiked Determined 


ng/ml ng/ml f SEM" Range 
Concentration, Concentration, 


200 200 f 1.0 194-205 
500 500 f 0.8 488-5 I 2 


1000 998 f 1.0 970-1026 
3000 3087 f 2.5 2870-3303 


a n  =6. 


The extraction procedure suggested here results in a noise-free blank 
for the plasma and urine. The spiked samples (prepared from a stock 
solution of 1 mg/ml in ethanol) showed excellent resolution. The retention 
time for I was 4 min, whereas the internal standard (11) appeared a t  3.0 
min. These short retention times are highly desirable, allowing large 
numbers of samples to be analyzed in a short time. The extraction effi- 
ciency was calculated to range from 75 to 8096 when compared with the 
standard solutions prepared in carbon disulfide. 


The sensitivity of the column under these conditions allowed detection 
of quantities as low as 10 ng injected onto the column; however, the 
concentration of I that could easily be detected in plasma and urine was 
below 100 ng/ml. The precision and accuracy of the analytical method 
were discerned by spiking the plasma samples with concentrations 
ranging from 200 to 3000 ng/ml. Table I reports the determined con- 
centrations of the spiked samples. 


The plasma I levels following administration of a 100-mg oral dose are 
shown in Fig. 1. Each data point represents the average of six determi- 
nations. A large degree of intersubject variation was noted in terms of 
the time and magnitude of the peak concentration. After a rapid rise in 
the plasma concentration, a sharp decline resulted in the lowering of the 
concentration to below 100 ng/ml within 2 hr for Subject 1 and 6 hr for 
Subject 2. Therefore, the bioavailability of I and its rate of absorption 
may differ greatly between subjects. 


Less than 1% of the administered dose of I was eliminated in the urine 


Table  11-Recovery of Free Butylated Hydroxyanisole in Urine a 


Hours Subject 1 Subject 2 


0-8 0.080 i 0.012 
8-16 0.570 f 0.009 


16-24 0.033 f 0.0017 
24-36 0.00 


0.050 f 0.011 
0.431 i 0.009 
0.027 f 0.025 
0.00 


Percent of administered dose f SEM. 


as intact drug (Table 11). which is in concurrence with a previous study 
(1). 


Detailed pharmacokinetic studies are in progress. 
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Abstract A loading dose of digoxin (750 Wg) in two commercial for- 
mulations was administered to 14 patients with heart disease according 
to a crossover design. One formulation consisted of soft gelatin capsules 
containing a solution of digoxin; the other formulation was compressed 
tablets. All parameters investigated, i.e., serum peak height, time of the 
peak, area under the serum level-time curve (AUC),  and area above the 
Q-Szl (electromechanical systole) decrease (obtained from polycardi- 
ographic evaluation), showed better bioavailability of digoxin capsules 
than tablets, averaging 36.3%. The better bioavailability of digoxin 
capsules than tablets seems to be more evident in heart disease patients 


than that encountered previously in healthy subjects. The AUC and the 
area above the Q-S2I decrease were linearly correlated only with digoxin 
capsules. 


Keyphrases Bioavailability-digoxin capsules and tablets compared 
in cardiac patients Heart function index-digoxin capsules and tablets 
compared in cardiac patients Digoxin-bioavailability and heart 
function index, capsules and tablets compared in cardiac patients 
Cardiotonic agents-digoxin, bioavailability and heart function index, 
capsules and tablets compared in cardiac patients 


A marked lack of uniformity in content and bioavail- 
ability of digoxin tablets was reported (1-5) for different 
formulations as well as for different batches of the same 
marketed product. In the last few years, a fairly satisfac- 


tory bioavailability level has been achieved in most com- 
mercial preparations of digoxin tablets that meet the Food 
and Drug Administration's recent specific requirements 
(6). The most important development in this field is the 
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MINUTES 
Figure 1-Dissolution of digoxin capsules and tablets using both the 
paddle-water ( l e f t )  and paddle-acid (right) methods (mean values of 
six experiments f SE). Values of p were computed using the Student 
t test for independent samples. 


soft gelatin liquid-filled capsule, a new pharmaceutical 
formulation, which contains the glycoside in a dissolved 
form and allows a more satisfactory bioavailability range 
than tablets. 


This paper reports a comparative study of the bio- 
availability of digoxin in capsules and tablets in volunteer 
patients who suffered from heart disease and used digoxin. 
A polycardiographic investigation enabled a useful sta- 
tistical comparison between bioavailability and the related 
index of heart function for both formulations. 


EXPERIMENTAL 


Drug-The digoxin capsules' contained 0.25 mg of digoxin dissolved 
in 1.5 mg of N,N-dimethylacetamide and 139 mg of polyethylene glycol 
400. The digoxin tablets2 also contained 0.25 mg of the cardiac glycoside. 
The dissolution rate of both formulations was evaluated according to the 
Federal Register (6), using both the paddle-acid and paddle-water 
methods. 


Treatment-The 14 patients were of both sexes and were 40-64 years 
old; they had an average body weight of 75 kg. They were in normal 
sinusal rhythm and were affected by atherosclerotic and/or hypertensive 
heart disease. A series of laboratory tests and clinical observations showed 
that the patients had no other serious diseases and that inorganic ions, 
serum proteins, creatinine clearance, and thyroid, GI, and renal functions 
were normal. 


All subjects received three digoxin capsules and three digoxin tablets 
(750 pg of digoxin) in a crossover design at an interval of 10 days. A blood, 
sample (5  ml) was taken from each subject before treatment and a t  15, 
30, and 45 min and 1,2,3, and 4 hr after treatment. Serum digoxin con- 
centrations were measured with the radioimmunoassa? method of Smith 
et at. (7). A t  the same times, polycardiographic measurements were re- 
corded4. 


Variations in systolic intervals were measured and adjusted for heart 
rate and sex according to Weissler et al. (8). Of the parameters evaluated, 
electromechanical systole (QS2I) was selected as the most representative 
of the action of digitalis on the heart. In effect, Q-SzI is a useful index in 
terms of the decrease in both the preejective period and the left ven- 
tricular ejection time (9). 


RESULTS 


Dissolution with the paddle-acid method was complete in 15 min with 
capsules but was markedly slower with tablets ( p  < 0.001). Both for- 
mulations were completely dissolved in 60 min. With the paddle-water 
method, digoxin tablets gave a dissolution rate slightly lower than cap- 
sules, but this difference was not statistically significant (Fig. 1). 


* Eudigox, lot A9-74, Simes. * Lanoxin, lot 4 B16, Wellcome. 
a Kits were supplied by Sorin Biomedica, Saluggia (Vercelli) Italy. * Elema Schonander Mongograf 61. 


Table I-Peak Height, Peak  Time, Area under  the Serum Level- 
Time Curve (AUC), and  Area  above the Q-S2I Decreases in  14 
Hear t  Patients a f t e r  Administration of a Loading Dose of 
Digoxin (750 pg) in Capsules and  Tablets. 


Digoxin Digoxin 
Parameter Capsules Tablets A%b t c  p c  


Peak height, ng/ml 5.3 f 0.5 3.6 f 0.4 32 3.7 <0.01 


AUC, ng/ml X hr 12.3 f 1.6 7.6 f 0.6 38 3.4 <0.01 
Area above Q-SJ decrease, 7.0 f 1.0 4.7 f 0.6 32 3.0 <0.02 


Peak time, min 107 f 19 153 f 19 -43 -3.3 <0.01 


msec hr 
~~~ 


0 Mean values f SE. b A% = [(capsules - tablets)/capsules] X 100. Evaluated 
with the Student t test for paired samples. 


The peak height was significantly higher and was attained earlier with 
the capsules than with the tablets. The areas under the serum level-time 
curve (AUC) and above the decrement of electromechanical systole were 
significantly higher with the capsules than with the tablets (Table I). 
When a regression straight-line relationship between the AUC and the 
area above the Q-SzI decrease was calculated, a linear regression coeffi- 
cient of 0.49 (p < 0.05) was obtained with the capsules, in contrast to 0.15 
( p  without any statistical significance) with the tablets. 


DISCUSSION 


The better bioavailability of digoxin capsules than tablets was previ- 
ously encountered in dogs (10) and in healthy subjects after a single dose 
(11-15) and in a steady-state condition (16). The originality of this in- 
vestigation lies in the experimental design, which consists of adrninis- 
tration of a loading dose of digoxin (750 pg) in capsules and tablets to 
heart patients in a crossover pattern and the evaluation of bioavailability 
and related heart function index. The need to measure evident variations 
in cardiomechanical parameters indicated a loading dose of 750 pg of 
digoxin. The bioavailability of digoxin capsules was 36% higher than that 
of tablets (mean of the four A% in Table I) in heart patients. This dif- 
ference in healthy human subjects was around 20 (12) and 27% (13) after 
a single dose and 26% (16) in a steady-state condition. The difference in 
bioavailability between digoxin capsules and tablets thus seems to be 
more evident in heart patients than in healthy subjects. In addition, the 
AUC and the area above the Q S z I  decrease were linearly correlated with 
capsules (p < 0.05) but not with tablets. In no case was there any evidence 
of GI or cardiac toxicity. 


Considerable individual variability in plasma digoxin levels was ob- 
served in healthy subjects using tablets with a high dissolution rate, 
capsules, and, in particular, an oral solution of digoxin (12, 13, 15-17). 
Data from the cardiac patients in this investigation were similar to the 
previous healthy subject data regarding individual variability. In addition, 
the objective situation of the cardiopathic patients involves a specific lack 
of individual variability due to inadequate circulation, the liver status, 
and, in many cases, confinement to bed. The variability of response in 
digoxin absorption seems to be related mainly to the daily situation of 
each patient, whereas the entity of enteral absorption is closely related 
to the pharmaceutical formulation used. 
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Abstract  A reliable and selective high-pressure liquid chromato- 
graphic procedure for the quantitative determination of chlorthalidone 
in pharmaceutical dosage forms is described. A comparison of this sta- 
bility-indicating procedure with the USP spectrophotometric assay is 
presented for chlorthalidone tablets and chlorthalidone tablets containing 
reserpine. 


Keyphrases o Chlorthalidoiie-high-pressure liquid chromatographic 
analysis in pharmaceutical dosage forms 0 High-pressure liquid chro- 
matography-analysis, chlorthalidone in pharmaceutical dosage forms 
0 Diuretics-chlorthalidone, high-pressure liquid chromatographic 
analysis in pharmaceutical dosage forms 


Chlorthalidone (I) ,  2-chloro-5-(l-hydroxy-3-oxo-l- 
isoindolinyl)benzenesulfonamide, is an oral antihyper- 
tensive-diuretic administered alone and in combination 
with reserpine in tablets'. Several methods have been re- 
ported for the determination of chlorthalidone in biological 
media (1-4) and for its chromatographic separation and 
detection in the presence of other substances (5, 6). A t  
present, there is no simple direct method for the quanti- 
tative and stability determinations of chlorthalidone in 
pharmaceutical dosage forms. 


The USP method (7) consists of solvent extraction of the 
powdered tablet material and subsequent quantitative 
comparison of the UV absorption of a solution of the ex- 
tracted chlorthalidone with the absorption of a solution 
of USP reference standard chlorthalidone run concomi- 


OH 0 
II 


I I1 


* Marketed by the USV Pharmaceutical Corp. under the trade name of Hypoton 
and in combination with reserpine under the trade name of Regroton. 


tantly. The compendial method lacks analytical specificity 
and selectivity for the active drug substance and is, 
therefore, not a reliable stability-indicating assay. 


This report describes a high-pressure liquid chromato- 
graphic (HPLC) procedure that is simple, direct, and 
specific for chlorthalidone in tablets as the single active 
drug substance and in combination with reserpine. 


EXPERIMENTAL 


Reagents-Commercial distilled-in-glass solvents2 and analytical 
reagent grade acetic acid3 were used without additional purification. 


Apparatus-A high-pressure liquid chromatograph4, interfaced to 
an electronic integrator5, was equipped with a fixed wavelength (254 nm) 
UV absorption detector and a constant volume injection valve6. 


Column-The column consisted of a stainless steel tube (Im X 2.2 mm 
i.d.) prepacked with a polyamide-coated stationary phase7. 


External Standard Solution-The external standard solution was 
prepared by accurately weighing approximately 50 mg of chlorthalidone 
reference standard8, transferring the sample to a 25.0-ml volumetric flask, 
and dissolving and diluting it to volume with acetonitrile-water (91  
v/v). 


Sample Preparation-Twenty tablets were weighed and ground to 
a fine powder. An accurately weighed sample of the ground powder, 
equivalent to approximately 50 mg of chlorthalidone, was extracted with 
25.0 ml of acetonitrile-water (91 v/v) in a 50-1111 screw-capped centrifuge 
tube by vigorous agitation on a mixerg for 15 min. Then the sample was 
centrifuged, and the supernate was saved for chromatographic analy- 
sis. 


Assay-The mobile phase, 2-propanol-acetic acid-water-n -hexane 
(301.5:0.5:68 v/v) was pumped through the column a t  a flow rate of 2 
ml/min with a column head pressure of approximately 35 kg/cm2. The 
fixed wavelength detector was operated a t  an attenuation of 0.32 aufs, 
and the column oven was maintained a t  35' throughout the analysis. 


Aliquots (10 @I) of the standard and sample solutions were injected in 


2 Burdick and Jackson Laboratories. Muskeeon. Mich. 
I .  


Mallinckrodt, St. Louis, Mo. 
Model 830, E. I. DuPont de Nemours, Wilmington, Del. 
Autolah. System IV €5. Soectra-Phvsics. Santa Clara, Calif 
Six port equipped with fO-pl loop, valco Instruments Co., Houston, Tex. 


7 Pellamidon, Whatman. Clifton, N.J. 
8 USP reference standard. 


Vortex Genie, Scientific Industries, Rohemia, N.Y. 
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Abstract 0 A rapid and sensitive GLC procedure was developed for the 
determination of theophylline in serum. After extraction from serum with 
ethyl acetate, theophylline and the internal standard were derivatized 
with pentafluorobenzyl bromide under alkaline conditions. The deriva- 
tives were quantitated by electron-capture detection. The method has 
a sensitivity of 0.1 pg/ml with a 0.1-ml serum sample. 


Keyphrases Theophylline-electron-capture GLC determination 
of serum levels 0 GLC, electron capture-analysis, theophylline in serum 


Relaxants, smooth muscle-electron-capture GLC analysis of theo- 
phylline in serum 


Methods for the determination of theophylline in bi- 
ological fluids are based on spectrophotometry (1-3), GLC 
( 4 4 ,  TLC (9), and high-pressure liquid chromatography 
(10-14). Recently, an electron-capture GLC procedure was 
reported (15) that involves the extraction of theophylline 
and the internal standard, theobromine, into methylene 
chloride by elution through a cellulose column. The com- 
pounds are then back-extracted into an alkaline aqueous 
phase and derivatized with pentafluorobenzyl bromide by 
extractive alkylation. The derivatives are separated from 
excess reagent by solvent extraction and finally determined 
by electron-capture GLC. This method is tedious, and the 
use of theobromine as an internal standard is not a good 
choice because i t  is present in beverages such as tea and 
cocoa and is a metabolite of caffeine (16-18). 


The present, rapid method requires only 0.1-ml serum 
sample. It involves one-step extraction of the serum sample 
with ethyl acetate, followed by derivatization with pen- 
tafluorobenzyl bromide under alkaline conditions at looo. 
Excess reagent is removed by evaporation. A chemical 
isomer of theophylline, which is not present in beverages 
and is not a metabolite of caffeine, is used as the internal 
standard. The sensitivity of the assay is 0.1 pg/ml with a 
0.1 -ml serum sample. 


EXPERIMENTAL 
Reagents and Materials-Theophylline', the internal standard 


1 Theophylline USP (C~HaN10rH20).  


(5,7-dimethyl-2H-pyrazolo[3,4-d]pyrimidine-4,6-(5H,7H)-dione, I)2, 
and pentafluorobenzyl bromide3 were used as supplied. The other 
chemicals were analytical reagent grade. 
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Figure 1-GLC tracings of extracted serum samples. Key: A, serum 
blank containing the internal standard; 3. serum standard containing 
the internalstandard and theophylline at 5 ggcglmlserum; 1, theophyl- 
line; and 2, internal standard. 


Nippons Shinyaku Co.. Kyoto, Japan. 
Pentafluorobenzyl bromide, Pierce Chemical Co., Rockford, Ill. 
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Table I-Assay Reproducibility Table 111-Assay Accuracy 
Serum Theophylline Concentration, pglml 


Theoretical Observed Difference 
Serum Theophylline Concentration, pglml 


Observed 
Theoretical Mean" f SD RSD, % 


0.10 0.115 f 0.026 22.2 
0.25 0.189 f 0.029 15.3 
0.50 0.489 0.027 5.5 
1 .oo 1.034 f 0.070 6.8 
2.50 2.567 f 0.219 8.5 
5.00 4.942 f 0.386 7.8 


10.00 10.001 f 0.345 3.4 


a Mean of three determinations at each concentration. 


Table 11-Assay Sensitivity 
Serum Theophylline Peak Area Ratio, 
Concentration, d m l  Theophylline/lnternal Standard 


0.25 


0.50 


1 .o 


2.5 


5.0 


0.039 
0.046 
0.046 
0.090 
0.084 
0.083 
0.162 
0.174 
0.154 
0.423 
0.393 
0.356 
0.705 
0.836 
0.783 


Least-Squares Linear Regression Calculation (19) 
Number of points 15 
Slope 0.1540 
y-Intercept f 95% confidence 0.00551 f 0.01466 


limit . . . . . . . 
Correlation coefficient 0.996 
Calculated sensitivityo, pglml 0.095 pg/ml 


The calculated sensitivity was the x value (in concentration) corresponding to 
the upper part of the 95% confidence interval of the y intercept (in peak area 
ratio). 


Apparatus-A refrigerated centrifuge4 was used. Sample solutions 
were mixed5 in the test tubes. Pentafluorobenzyl derivative formation 
a t  high temperature was carried out on a heating block6. 


GLC-A reporting gas chromatograph7 equipped with a computing 
integratofi and a 'j3Ni constant current electron-capture detectorg was 
used. The 1.21-m X 4-mm (id.) glass column was packed with 5% OV- 
2251° on 80-100-mesh Gas Chrom QlO. The column was conditioned a t  
250' for 16 hr with a carrier gas (argon-methane" (955)l a t  20 ml/min 
before connection to the detector. The carrier gas cylinder was fitted with 
an oxygen trap filter'*. 


The operating conditions were: column oven temperature, 250'; elec- 
tron-capture detector temperature, 320'; injection port temperature, 
270'; and carrier gas flow rate, 45 ml/min. Under these conditions, the 
pentafluorobenzyl derivatives for theophylline and the internal standard 
had retention times of 5.3 and 7.1 min, respectively (Fig. 1). 


I 


Model RC-3, Sorvall, Newton, Conn. 
Vortex Genie model K-550-GT mixer, Scientific Industries, Springfield, 


Dri-block DB-3, Techne, Princeton, N.J. 
Hewlett-Packard model 5830A. 
Hewlett-Packard model 18850A. 


9 Hewlett-Packard model 18803A. 
lo Applied Science Laboratories, State College, Pa. 
l 1  Matheson Gas Products, Elk Grove Village, Ill. 


Mass. 


Altech Associates, Arlington Heights, 111. 


10.00 9.60 -0.40 
5.00 ~~ 


2.50 
1 .00 
0.50 
0.25 
0.10 
0 
7.50 
3.75 
1.75 
0.75 
0.38 


4.85 . ~~ 


2.76 
1.09 
0.36 
0.16 
0.14 
0 
6.92 
3.66 
1.79 
0.79 
0.52 


-0.15 ~ ~~ 


0.26 
0.09 


-0.14 
-0.09 


0.04 
0 


-0.58 
-0.09 


0.04 
0.04 
0.14 


6.25 6.26 0.01 
3.0 2.76 -0.24 


Preparat ion of Standards-A 200-pg/ml stock solution of theo- 
phylline was prepared by dissolving 22.0 mg of theophylline in a 100-ml 
volumetric flask with distilled water and bringing the mixture to volume. 
A working serum theophylline standard a t  10 pg/ml was prepared by 
adding 5.0 ml of the stock solution to a 100-ml volumetric flask and 
bringing the mixture to volume with drug-free serum. Drug-free serum 
was obtained from volunteers that  did not drink coffee, tea, or cocoa. 
Other serum standards were prepared from serial dilutions (with serum) 
of the lO-pg/ml serum standard. 


The internal standard stock solution (100 pg/ml) was prepared by 
dissolving 20.0 mg of the internal standard in a 200-ml volumetric flask 
with methanol and bringing the mixture to volume. A working internal 
standard solution (3 pglml) was prepared by diluting 3 ml of the internal 
standard stock solution to 100 ml with distilled water. 


Assay-To 0.1 ml of serum in a 15-ml conical test tube were added 0.1 
ml of 0.1 N HCl, 0.1 ml of the internal standard solution, and 1 ml of ethyl 
acetate. The tube was vortexed for 15 sec and centrifuged a t  3000 rpm 
for 3 min at loo. Then 0.7 ml of the organic phase was transferred into 
a 15-ml screw-capped conical test tube and evaporated to dryness a t  50' 
with filtered air. 


T o  the dry residue were added 0.1 ml of sodium carbonate solution (250 
pg/ml of water) and 0.1 ml of pentafluorobenzyl bromide in alcohol (2 
mg/ml). The mixture was capped, vortexed for 15 sec, reacted a t  100' for 
20 min on the heating block, and cooled to room temperature. Then 0.5 
ml of water and 1.3 ml of benzene were added, followed by vortexing for 
15 sec. 


One milliliter of the benzene extract was separated and evaporated to 
dryness at 50' with filtered air. The clear residue was reconstituted with 
1.5 ml of benzene by vortexing for 15 sec, and 5 pl of the solution was in- 
jected into the GLC column by the automatic samplerl3. 


Calculations-The peak area ratios of theophylline to the internal 
standard were plotted against known standards of theophylline expressed 
as micrograms per milliliter of serum. The curve was linear in the 
0.25-5.0-pglrnl region. Values for unknown serum theophylline concen- 
trations were obtained from the calibration curve. 


RESULTS AND DISCUSSION 


Figure 1 shows a chromatogram of an extract from 0.1 ml of serum 
spiked with theophylline. Peak shapes were symmetrical. Theophylline 
and the internal standard were resolved from coextractive peaks. 


The reproducibility of the assay is shown in Table I. Relative standard 
deviations ranged from 3.4 to 8.5% for serum concentrations from 0.5 to 
10.0 pg/ml. Larger deviations were observed a t  lower serum concentra- 
tions. The calculated sensitivity of the assay was 0.095 pg/ml (Table 
11). 


The accuracy of this assay was tested by analyzing 15 unknown spiked 
serum samples under blind conditions (Table 111). The assay is specific 
for theophylline; the retention times for pentafluorobenzyl derivatives 
of theophylline, the internal standard, and theobromine were 5.31, 7.09, 
and 4.74 min, respectively. 


Recoveries averaged 104.0 f 3.1% (mean f S D )  for triplicate serum 
theophylline samples at  10 pg/ml. This value was calculated by comparing 
the peak area ratios between the extracted serum sample and the water 
sample. 


This method is specific and sensitive and can be used to conduct single 


13 Hewlett-Packard model 7671A. 
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oral dose theophylline bioavailability studies in human adults and pe- 
diatric patients. 
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Abstract Extractive alkylation was used to determine intact pemoline 
in serum and urine. Pemoline was extracted into methylene chloride as 
an ion-pair with tetrapentylammonium hydroxide under alkaline con- 
ditions. Evaporation of the solvent a t  70° in the presence of methyl iodide 
yielded the N,N-dimethylpemoline derivative. GLC analysis was per- 
formed on a 5% FFAP column with nitrogen-specific detection. Sensi- 
tivity was 0.05 pg/ml with 1 ml of urine or serum. Calibration curves were 
linear to at least 4 pg/ml with serum and 15 pglml with urine. Precision 
was excellent with a pooled relative standard deviation of f7.5% for serum 
samples in a 0.1-4-pghl range. 


Keyphrases Pemoline-GLC assay using nitrogen-specific detection, 
biological fluids GLC-analysis, pemoline in biological fluids 0 
Stimulants-pemoline, GLC assay in biological fluids 


Several methods to determine pemoline (2-amino-5- 
phenyl-2-oxazolin-4-one) in biological fluids have been 
published. In one method (l), pemoline is hydrolyzed to 
mandelic acid with subsequent oxidation to benzaldehyde. 
The benzaldehyde is then determined spectrophotomet- 
rically. Benzaldehyde generated from pemoline has also 
been determined by GLC (2). Large sample volumes are 
required, and the method is tedious and nonspecific. 
High-pressure liquid chromatography has been applied 
to urine samples and pharmaceutical preparations (3). 
However, this method and a TLC method (4) lack the 
sensitivity for plasma samples. 


A GLC method ( 5 )  using flame-ionization detection 
involves hydrolysis of pemoline to 5-phenyl-2,4-oxazoli- 
dinedione with subsequent methylation using diazo- 
methane. Extensive cleanup procedures are needed with 
blood samples, and 60% of the final extract is injected into 


the chromatograph to achieve sensitivity. A similar ap- 
proach was recently taken by Libeer and Schepens (6). 


A recent GLC method using electron-capture detection 
determined 5-phenyl-2,4-oxazolidinedione without 
methylation (7). The method is sensitive but requires 
careful column preparation and preservation to minimize 
tailing and to maximize resolution from coextractives. 


This paper describes the application of extractive al- 
kylation (8, 9) and nitrogen-specific detection for the 
analysis of pemoline in biological fluids. 


Table  I-Precision of Serum and  Urine Pemoline Assay 


Pemoline 
Concentra- RSD, 
tion, pg/ml Peak Area Ratioo % 


Serum 
0 0 
0.05 0.015 f 0.0006 4.0 
0.10 0.029 f 0.0040 13.8 
0.25 0.097 f 0.0038 3.9 
0.50 0.17 f 0.023 13.5 
1 .o 0.33 f 0.011 3.3 
2.0 0.68 f 0.013 1.9 
3.0 1.0 f 0.025 2.5 
4.0 1.4 f 0.076 5.4 


- 


Urine 
0 0 
1 .o 0.25 f 0.0050 2.0 
5.0 1.4 f 0.047 3.4 


15.0 4.4 f 0.095 2.2 


- 


Mean f SD of triplicate standards. 
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Plasma Pentazocine Radioimmunoassay 
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Abst rac t  0 A sensitive and specific radioimmunoassay of dog and human 
plasma pentazocine is described. Rabbi t  antiserum and the second 
antibody method separated hound from free pentazocine. T h e  radioim- 
munoassay employed a n  t251-labeled radioligand and required extraction 
from the sample prior to quantitation. T h e  method had a detection limit 
of  approximately 200 pg/assay tube (1 ng/ml). T h e  assay was used suc- 
cessfully to measure pentazocine in the  plasma of beagle hounds given 
0 . 3  mg of pentazocine/kg iv. T h e  decline in plasma levels fitted a two- 
compartment body model with a 100-min mean overall half-life and a 
X?--liters/hr mean plasma clearance rate. 


K e y p h r a s e s  Pentazocine-radioimmunoassay, dog and human 
plasma, pharmacokinetics o Radioimmunoassay-pentazocine, dog and 
human plasma 0 Pharmacokinetics-pentazocine, dog and human 
plasma, radioimmunoassay 0 Analgesics-pentazocine, radioimmuno- 
assay, dog and human plasma, pharmacokinetics 


Pen tazocine, (2a,6a,ll R* ) - ( f )- 1,2,3,4,5,6-hexahydro- 
6,11- dimethyl-3- (3-methyl-2- butenyl) -2,6- methano-3- 
benzazocin-8-01’ (Ia), is a member of the benzomorphan 
series of compounds (1). Pentazocine is a potent, analgesic 
and a weak narcotic antagonist, possessing little depen- 
dence potential (2). Both oral and parenteral formulations 
have found widespread clinical use. To estimate the plasma 
pentazocine concentration accurately and conveniently, 
a rapid and sensitive method was needed. Previous 
methods include a fluorometric technique with a sensi- 
tivity of 30-50 ng/ml of plasma (3) and a GLC method with 
greater specificity and sensitivity (3 ng/ml) but which was 
more difficult to perform (4). A radioimmunoassay using 
:3H-pentazocine (5) had no advantage in sensitivity over 
the GLC method. 


This study reports a new radioimmunoassay, using a 
‘251-labeled pentazocine derivative, with sensitivity in the 
subnanogram range. This assay has been used to measure 
pentazocine in both human and dog plasma. The technique 


OR 


Ia: R = H 
Ib: R = -(CH,)&OOH 
Ic: R --CH,CONHFHCOOCH, 


OH 


Talwin, Winthrop Laboratoriea. New York, N.Y. 


permitted determination of pentazocine pharmacokinetic 
parameters in dogs that received a 0.3-mg/kg iv dose. 


E X P E R I M E N T A L  


Solutions-Iodination buffer contained 0.5 M Na?HPO4-0.5 M 
NaH21’04 (4:1), adjusted to a final pH of 7.5. Dilute itdination buffer was 
the  same buffer diluted 1:lO with water. I’hosphate-buffered saline was 
prepared by dissolving 24.51 g of NaCI, 1.77 g of NaH2PO.t.H&, 3.21 g 
o f  Na2H1’04, and  0.285 g of thimerosal? in 3 liters ol distilled water and 
adjusting the  p H  to 7.0. T h e  assay h f f e r  contained 0.1% (w/vl gelatin 
dissolved in phosphate-buffered saline. Nonimmune normal rabbit serum 
was diluted 1 : 4 0  in phosphate-buffered saline containing 0.05 M edetate 
sodium3. 


Ant ipentazoc ine  S e r u m  Preparat ion-A carhodiimide condensa- 
tion (6) conjugated a pentazocine haptend ( I h )  with bovine seriini albumin 
basic amino acid residues. Approximately 17 hapten molecules were 
conjugated to each albumin molecule, as  shown by a trinitrobenzene- 
sulfonic acid free amino group determination (7). l’he hapten-protein 
conjugate (2.0-3.0 mgirahhit) was emulsified in complete Freund’s ad-  
juvant5 and injected intradermally a t  several sites on the hacks of seven 
Dutch belted rabbits ( 8 ) .  Conjugate ( 1  .O mg/rahhit) in incomplete 
Freund’s adjuvant was administered as  a booster immunization a t  ap-  
proximately 3-week intervals lor 3 months. Serum was obtained from 
blood collected from rabbit marginal ear veins. 


Second Antibody Preparat ion-Rabbi t  y-glot)ulin6 (100 jig), 
emulsified in complete Freund’s adjuvant, was injected subcutaneously 
a t  monthly intervals into an adul t  female goat to obtain anti-rabbit y -  
globulin. l’he goat was bled 2 weeks after each immunization, and serum 
was obtained. T h e  appropriate second antibody dilution was determined 
by a progesterone assay7; a 1:16 dilution was used. 


Radioiodination-At room temperature, a methyl tyrosinate pen- 
tazocine derivative“ (Ic) was radiolabeled by a modified method (9). 
Sodium lz51-iodide9 (1.0 mCi) was added to a vial containing 50 j i l  o f  io- 
dination buffer and 10 H I  of the methyl tyrosinate derivative (1  mg/ml 
o f  methanol). T h e  vial was stoppered, and the contents were gently agi- 
tated. Thirty micrograms of chloramine-‘Po in 15 jil of dilute iodination 
buffer was added,  and the mixture was allowed t o  react for 2 min. Then  
60 jig of sodium metabisulfite in 30 j i l  of dilute iodination buffer was 
added to the  vial to s top the  reaction. 


A solution (100jil) containing 16% Iw/v) of sucrose dissolved in assay 
buffer was added,  and the sample was transferred to a 0.5 X 20-cm gel 
filtration” column, which had been equilibrated with assay buffer. Then  
70 j i l  of 896 (w/v) sucrose dissolved in assay buffer was used to rinse the 
vial, and the  wash solution was added to the column. T h e  column was 
eluted with assay huffer, and 1.0-ml fractions were collected and eounted 
to determine t h e  radioactivity. 


E x t r a c t i o n  Procedure-Duplicate samples (0.1 or 0.2 ml) of penta-  
zocine-containing plasma were added to  extraction tubes (15 X 85 mm). 
Pentazocine s tandards (1-100 ng/ml) were included. Water (0.8 or 0.9 
ml) and saturated sodium bicarbonate-sodium carbonate extraction 
huffer (0.1 ml) were added to  the  plasma in each extraction tube. Ben- 


* Sigma Chemical Co., St. Louis, Mo. 
Ethylenediaminetetraacetic acid, sodwm salt, Sigma Chemical Co.,  St. 1,uuis. 


4-[1,2,3.4,5.6- Hexahydro-c~s-fi,lI-dimethyl-:~- (3-methyl-2- butenyl)-2.6- 


Difco Laboratories. Detroit. Mich. 
Fraction 11, Miles Laboratories, Kankakee. I l l .  
J. E. Peterson and G .  D. Niswender. unguhlished data. 
Methyl N-(12-[ 1,2,3,4d,fi-hexahydro-c.ls-ti.l l.dimethvl~3-(3-methyl-2-bute- 


nyl)-2,fi- methano-3-henzazocin-O- yllox!.l-l -oxoethyl)tyroaitiate hydrochloride. 


Eastman Kodak, Rochester. N.Y. 


Mo. 


methano-3-benzazocin-8-yloxyl butanoic arid. 


9 New England Nuclear, Boston, Mass. 


I ’  Sephadex C-25-150, Sigma Chemical Co..  St. Louis, Mo. 
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Table I-Relative Affinities of Pentazocine and Related 
Compounds to the Antiserum 


R J7-y 
on, 


Relative 
Number R1 R2 R., R4 Affinity 


100- 


- 
E 2 80- 


d 
C 


I H  H H -CH&H=C(CH& 1 .ooo 


I11  -CH;?COOH H H --CH&H=C(CH3)2 0.032 


I 1  H H H -CHzC(-CH3)= 0.045 
CH(CHdz 


$ 1401 


1 


0 1 2 3 4 5 6 7 8  
HcniRS 


Figure %-Mean pentarocine concentration in the plasma of three dogs 
that received 0.3 mg of pentarocinelkg iv. The shoit tiertical lines rep- 
resent I SE. 


IV H 
-CH2CH-CH, 


H H  \ /  
CH, 


0.008 After incubation, 2.5 ml of cold phosphate-buffered saline was added, 
and the tubes were Centrifuged a t  2500 rum for 30 min. The suuernatant 


V H  H H -CHzCH=CHz 0.007 solutions were discarded, and the precipitates were counted. buplicate 


VII H H H -CH2-CH=C(-CH:{)- 0.006 Dog Study-One male (12.6 kgj and two female (9.6 and 17.2 kgj 
heagle hounds were given 0.3 mg of pentazocine/kg iv (calculated as the 
I'ree base). prepared as a 3-mg of pentazocine/ml o f  physiological saline 


Blood samples (3-5 ml) were collected from an indwelling venous 
IX H H H  H 0.002 catheter from 1.0 min to 8 hr after administration. Potassium oxalate was 
X H  H H -CHKH=C(-CHd- 0.001 the anticoagulant. The samples were centrifuged, and the plasma was 


VI H H H -CHzCH*CH3 0.007 standards (1-100 ng/ml) were included in each assay run. 


CHzOH 
-CH,CH-CHz 


VIl l  H H =O \ /  0.003 solution. 
CH, 


COOH I'rozen until analyzed. 


zenelZ (8 ml) was added, and the tubes were shaken mechanically for 15 
min. Then tubes were centrifuged for 5 min a t  2200Xg, and duplicate 
benzene aliquots were removed and placed in appropriately labeled tubes 
(12 X 75 mm) for the assay. The benzene was evaporated under a nitrogen 
stream, and the residue was dissolved in 0.5 ml of assay buffer. The tubes 
were mixed, stoppered, and left overnight a t  4 O .  


Radioimmunoassay-The pentazocine radioimmunoassay was 
similar to procedures reported for steroids (10). The antipentazocine 
serum (200~1).  a t  a dilution of 1:15,000 in normal rabbit serum, was added 
to the assay tubes containing the plasma extracts. Radioiodinated ty- 
rosinate pentazocine derivative 125,000-30,000 cpm/100 P I )  was added. 
The tubes were incubated for 4-6 hr a t  4". Appropriately diluted second 
antibody (200 P I )  was added, and the incubation was continued over- 
night. 


I 


/ 
$ 4  20 / 


0 
0 20 40 60 00 100 


PENTAZOCINE ADDED, n g h l  
Figure 1--Correlation o/pentazocine added to human plasma with the 
mean values obtained by radioimmunoassay. Slope = 1.020, intercept 
= 0.034, and r (correlation coe//icient) = 0.9705. The short vertical lines 
represent 2 SE (n = 8). 


'* Analytical reagent. Mallinckrodt, St.  Louis, Mo 


RESULTS AND DISCUSSION 


All seven rabbits produced antiserum within 6 months; the antiserum 
titers ranged from 1:lOOO to 1:20,000. The 1:15,000 antiserum dilution 
(-1:75,000 final dilution in the assay tuhe) resulted in 5&55% radioligand 
hinding. 


The antiserum specificity was assessed by three related methods. First, 
the ability of several related compounds, including known pentazocine 
metabolites, to compete with the radioiodinated pentazocine tyrosinate 
derivative for antibody binding was determined by comparing the amount 
o f  each compound required for 50% radioactivity binding inhihition with 
the pentazocine standard curves (11). Second, the percent displacement 
of the related compounds was evaluated (12). Third, the percent cross- 
reactivity of the related compounds was determined in extracted plas- 
ma. 


The antiserum exhibiting the least cross-reactivity was selected for 
all subsequent work. The relative affinities of the related compounds for 
this antiserum are shown in Table I. The two compounds (11 and 111) that 
demonstrated a slight cross-reactivity with pentazocine (I)  are not me- 
tabolites and posed no problem. The known metabolites (13) of penta- 
zocine (trans-acid, trans-alcohol, and norpentazocine; X, VII, and IX, 
respectively) showed little affinity for this pentazocine antiserum. 


The assay sensitivity or detection limit (14) is the smallest compound 
amount that is significantly different from zero at the 9596 confidence 
limit. The human plasma blank gave a detection limit of 0.21 ngiassay 
tube. The dog plasma blanks gave a limit of 0.19 ng/tuhe. These values 
correspond to about 1 ng of compound/ml of plasma. 


Precision was tested by calculating the within-assay and between-assay 
variances. The within-assay variance was evaluated by duplicate mea- 
surements of the same sample, and the hetween-assay variance was 
evaluated by duplicate measurements in different assays using samples 
with a wide range of concentrations. The variation coefficient from the 
mean duplicate determinations was estimated (15). The within-assay 
variation coefficient ranged from 7.4 to 10.1% (mean 8.2%, n = 18). The 
between-assay variation coefficient ranged from 10.5 to 13.2% (mean 
11.6%, n = 3). These values are within the range reported for steroid ra- 
dioimmunoassays (1 1). 


Exogenous pentazocine was accurately quantitated in human plasma 
by the pentazocine radioimmunoassay system (Fig. 1). A similar corre- 
lation was found for canine plasma. No statistical difference was found 
between canine and human plasma standards. 


The mean plasma pentazocine concentrations in the three dogs are 
shown in Fig. 2. Plasma levels declined hiexponentially with time, 
suggesting that a two-compartment model could he applied. Phar- 
macokinetic parameters were computer fitted by a modified program (16) 
(Table 11). Previous work indicated that the two-compartment model 
was applicable to  pentazocine pharmacokinetics in dogs (17). The re- 
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Table 11-Pharmacokinetic Parameters  for t he  Disappearance of Dog Plasma Pentazocine following a n  Intravenous Dose of 0.3 


Animal Plasma Apparent Area under 
the Curve, 


and Sex K12 K”] Kio Rate, literdhr Steady State, liters min ng hr/ml 


17.2 F 2.27 1.89 1.05 2.88 6.04 100.2 99.6 
9.6 F 2 . a  3.41 0.65 3.99 9.80 106.8 80.7 


Weight, kg, Rate Constants, hr-I Clearance Distribution, Volume, tll.Zo* 


12.6 M l i .6  5.26 1.67 
Mean 6.29 3.52 1.12 


f S E M  f4.15 f0.97 f0.29 


1.68 
3.18 


f0.41 


6.07 
7.30 


f1.25 


99.6 107 
102.2 95.9 
f2 .3  f7.95 


ported pentazocine terminal elimination half-life of 150 min in dogs is 
in good agreement with the present estimate (102 min, Table 11). The 
two-compartment model was used recently to describe pentazocine 
pharmacokinetics in healthy humans (18) where the average terminal 
disposition half-life was 209 min. 
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Abstract 0 The preparation of beads including polymer, vinyl monomer, 
and drug was carried out hy low temperature, radiation-induced poly- 
merization. Complete spherical particles were obtained when ethanol 
was the precipitation medium. Polymers such as polymethyl methacrylate 
and polystyrene were dissolved in various glass-forming monomers, and 
the drug was dispersed in the mixture. The mixture was dropped into cold 
precipitation media. The formed monomeric particle was irradiated a t  
low temperatures to produce polymerization. The drug release profiles 
from polymerized particles were changed by varying the glass-forming 
monomer and the precipitation medium. 


Keyphrases o Dosage forms-controlled-release delivery devices, ra- 
diation-polymerized beads, potassium chloride 0 Potassium chlo- 
ride-contralled-release delivery devices, radiation-polymerized beads 


Polymers-controlled-release delivery devices, beads, potassium 
chloride 


Controlled drug release may improve effectiveness and 
safety in drug use (1-3). Drug entrapment in polymerized 
matrixes may be an effective way to control release. Vari- 


ous bioactive materials, such as enzymes or microbial cells, 
could first be attached effectively to a carrier surface and 
then incorporated into a polymer by means of radiation- 
induced polymerization at  low temperatures (4, 5). This 
method can be performed using monomers that form sta- 
ble glass-like states when supercooled and that can be 
readily polymerized at low temperatures (6). 


This method can be applied to entrapping low molecular 
weight drugs for controlled release as well as high molec- 
ular weight bioactive substances. Entrapping drugs in fine 
polymer particles, such as microspheres, could have 
practical advantages. Trapping enzymes or microbial cells 
on a carrier surface is desirable for the contact with the 
substrate (7). Immobilized enzyme or microbial cell mi- 
crospheres were obtained by suspension polymerization 
of a hydrophobic glass-forming monomer and a buffered 
enzyme solution a t  low temperatures or by polymerization 
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Table 111-Effect of Sunlight on Chloroform Solutions with and 
without Added Stabilizers 


Ratio of 
Ag-Tetrahydro- Ratio of 


Total cannabinol Cannabidiol 
Exposure to  Methadone to Methadone 


Parameter Time, min Peak Areas Peak Areas 


With stabilizers 30 1.1 0.32 
Control - 1.1 0.31 


Without stabilizers SO 0.63 0.20 
Control - 1.0 0.27 


roform extraction solutions (100-pl portions) were exposed 
to these conditions for controlled periods. Stability was 
tested by comparison of ratios from the exposed solutions 
to daily ratios from the standard solutions (Table 11). 


Thirty minutes of exposure to sunlight caused rapid 
decomposition and decolorization in the chloroform so- 
lution and a significant, although lesser, amount of de- 
composition in the ethanol solution. Overnight exposure 
to a combination of fluorescent light and room tempera- 
ture, an approximation of normal ambient laboratory 
conditions, caused a marked decomposition in the chlo- 
roform solution; the ethanol solution remained stable 
within experimental error after more than 18 hr of expo- 
sure to these conditions. 


Decomposition in chloroform solution is not significant 
for our current method, which limits solution exposure to 
ambient laboratory conditions to 30-45 min. For other 
laboratories, handling and sampling procedures may make 
lengthy exposure to normal ambient laboratory conditions 
unavoidable. In such cases, the demonstrated cannabinoid 
stability in ethanol suggests that the most reliable proce- 
dure for analysis would be extraction with chloroform, 
flash evaporation of the solvent, and redissolution in eth- 
anol. This procedure is still inconvenient, however, for any 
analyst who does not do such work on a routine basis or 
who has a large number of samples to analyze. The con- 
venience of maintaining the cannabinoids in the extracting 
solvent is often desirable, so a means of stabilizing the 
chloroform solution would be useful. 


Since cannabinoid degradation by chloroform is thought 
to be a free radical reaction (4), a combination of free 
radical inhibitors was added to portions of the chloroform 
solutions immediately subsequent to the extraction pro- 
cedure. To each 5-ml aliquot, 2.6 pl of mercaptoethanol 
and enough sodium diethyldithiocarbamate to saturate 
the solution were added. Portions of this solution (100 p1) 
were removed for timed exposures to sunlight or normal 
laboratory conditions. Control solutions were refrigerated 
routinely, and stability was measured by comparison of 
peak area ratios from these 100-pl portions with those from 
the control solutions. 


After 30 min of exposure to sunlight, there was no evi- 
dence of decomposition in the stabilized solution, as 
compared to 25-35% decreases in the cannabinoid- 
methadone ratios for the solution without added stabilizers 
(Table 111). In addition, the solution containing the sta- 
bilizers remained stable for up to 10 hr of exposure to 
normal ambient laboratory conditions. Therefore, we 
suggest that chloroform solutions of naturally occurring 
cannabinoids either be refrigerated at  all times or, if sub- 
stantial exposure to fluorescent or natural light cannot be 


avoided, that the combination of stabilizers, sodium 
diethyldithiocarbamate and mercaptoethanol, be added 
as a protective measure. 
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Selectivity of Silicone Rubber toward 
Prostaglandin Permeability 


~ ~ ~~ ~ 


Keyphrases 0 Silicone rubber membranes-selectivity toward transport 
of E and F prostaglandins 0 Prostaglandins, E and F-transport selec- 
tivity of silicone rubber membranes Delivery systems, potential-sil- 
icone rubber membranes, selectivity toward transport of E and F pros- 
taglandins 


To the Editor: 
Considerable interest is being focused on the design of 


controlled-release drug delivery systems (1,2). Their ra- 
tional development requires a basic understanding of the 
physical-chemical parameters that control drug transport 
through the delivery module. The type of polymer matrix 
and the chemical form of the drug must provide a delivery 
rate in phase with the pharmacological potency of the 
therapeutic agent. 


In the field of fertility regulation, several prostaglandins 
in various vaginal dosage forms have been studied to op- 
timize bioavailability, reduce side effects, eliminate mul- 


HOURS 
Figure I--Amount o/ prosfaglutidin transportrd across a silicont. 
rubbvr membrane as a function of t i m r .  The donor cornparlnic.nt i i ' a s  


maintained saturated iuith drug. and the  mc,mhrotw thickness wo.r il.ll.5 
cm. Key: A, dinoprost isopropyl ester: 0 .  dinoprost othyl v s t  er; and 0 ,  
dinoprost methyl ester. 
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Figure %-Amount of prostaglandin transported across a silicone 
rubber membrane as a function of t ime.  T h e  donor compartment uas 
maintained saturated with drug, and the membrane thickness was 0.05 
cm. Key: 0, (lSS)-15-methylprostaglandin Fz,,  ethyl ester; and 0 ,  
(15s)-  15-methylprostaglandin Fz,, methyl ester. 


tiple dosing regimens, and allow for self-administration 
(3, 4). This communication reports on the selectivity of 
silicone rubber toward the transport of E and F prosta- 
glandins and its potential as a controlled-release delivery 
system. 


Figures 1-3 show the diffusion profiles’ of certain 
prostaglandins2 across fillerless silicone rubber’ mem- 
branes mounted in a diffusion cell (5). The free acid forms 
of dinoprost (prostaglandin F2J and (15S)-15-methyl- 
prostaglandin F2,r did not permeate the membrane and are 
not presented on the graphs. 


The presence of an ester linkage at the C-1 position 
markedly enhanced the permeation of dinoprostone 
(prostaglandin E2) and the two F prostaglandins. Substi- 
tution of the C-9 hydroxyl group in dinoprost with a ketone 
moiety (i.e.,  forming dinoprostone) also substantially in- 
creased the transport rate. Under saturation conditions 
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Figure :%--Amount of prostaglandin transpnrtcd acr1J.s.s a silicone 
ruhbcr membrane as a function of time. The  donor cwnpartment wax 
maintained saturated with drug, and the rncmbrane thickncw was 0.05 
cm. Key: 0 ,  diniiprostone methyl ester; ctnd 0 ,  dinoprostone. 
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Figure 4-Theoretical release rate profiles of (15s)- 15-methyipro.s- 
taglandin FZ,, methyl ester from monolithic deuices a.s a function of 
concentration. 


in the donor compartment, the steady-state flux, F, is given 
by (6): 


I) 
h 


F=“ (Eq. 1) 


where C, and D, are the solubility and diffusivity in the 
membrane, respectively, and h is the membrane thickness. 
The dependence of flux on the chain length of alkyl esters 
of p-aminobenzoic acid was reported previously (7). For 
short chain lengths, d log F,,/dn = 0.19, where F,, is the 
flux for a homolog with n carbons in the alkyl chain. Al- 
though sufficient data are not available to derive rigorously 
a dependence of F,, on n for prostaglandins, the flux of 
prostaglandins apparently is less sensitive to changes in 
ester chain length. 


Release rate profiles of drugs from planar monolithic 
devices are given by the following time- ( t )  dependent 
equation when the total drug concentration, A, is much 
greater than C,  (8): 


(Eq.  2) 


Normalizing the flux times distance given by Eq. 1 to unit 
thickness (Le., F h )  and substitution into Eq. 2 give: 


where F h  has the units of milligrams per centimeter- 
hour. 


Equation 3 states that the drug release rate from poly- 
mer matrixes can be predicted once the steady-state flux 
across a membrane is determined (9). Theoretical release 
rate curves are shown in Fig. 4 for (15S)-15-methylpros- 
taglandin FPcr methyl ester. A forthcoming publication will 
consider, in further detail, the applicability of Eq. 3 and 
the influence of membrane diffusivity and solubility on 
prostaglandin transport. 
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BOOKS 


REVIEWS 


Psychopharmacology: From Theory To Practice. Edited by JACK 
D. BARCHAS, PHILIP A. BERGER, ROLAND D. CIARANELLO, 
and GLEN R. ELLIOTT. Oxford University Press, 200 Madison Ave., 
New York, NY 10016. 1977. xxiii + 557 pp. 15 X 23 cm. Price $17.95 
cloth, $10.95 paper. 
Although the treatment of mental and emotional diseases still leaves 


much to be desired, some of the most dramatic accomplishments have 
occurred in the area of pharmacotherapy. A quarter of a century has 
elapsed since the introduction of the new psychotropic drugs. During this 
generation of progress, the number of patients in mental hospitals has 
steadily decreased by about 360,000 from 559,000 in 1955 to the current 
estimate of less than 200,000. Attitudes have also changed toward mental 
and emotional disorders, with the recognition that these disorders are 
treatable and affect people of all ages. The economic cost of mental illness 
to this nation is estimated at more than $50 billion annually. 


This book discusses recent developments in the study of neuro- 
transmitters and neuromodulators (neuroregulators) and evidence in- 
dicating that behavioral events alter neurochemical function and that 
altered neurochemical function also can change behavior. Its central 
theme is the importance of neuroregulators and how they are affected 
by drugs. Thus, the interrelationships of drugs, neuroregulators, and 
behavior become the essence of psychopharmacology. 


The text is fundamentally concerned with “the major psychiatric 
disorders and the manner in which the science of pharmacology may be 
applied, either immediately or ultimately, to their amelioration.” The 
authors attempt to integrate the basic science and clinical aspects of 
psychopharmacology for those who will be responsible for the treatment 
of psychiatric patients. The scientific principles behind psychophar- 
macology are explained first, and then their relevance to the use of psy- 
chotropic drugs in good patient care is demonstrated. The text does not 
delve deeply into patient management, provide detailed descriptions of 
drug classes, summarize drug efficacy studies, or review classifications 
of psychiatric illnesses. Its coverage of pharmacotherapy is not very de- 
tailed. 


“Psychopharmacology” is divided into five parts. Part I reviews, very 
nicely, the basic fields of study in psychopharmacology dealing with 
biochemical information on neuroregulators and the presumed mecha- 
nism of action of psychotropic drugs. Part I also includes chapters on the 
psychological and sociological aspects of psychopharmacology. P a r t l l  
describes disorders that affect most patients who require psychiatric care, 
while Part  111 deals with drug abuse. Part  IV discusses the pharma- 
cotherapy of the young and the elderly, and Part V discusses specific 
topics important to psychopharmacology such as the use of placebos, the 
psychiatric effects of nonpsychiatric drugs, and the relationship of psy- 
chotherapy and pharmacotherapy. 


The authors tried to make the treatment sections as practical as pos- 
sible, providing informatidn on normal dose ranges and side effects. They 
caution physicians that “the act of prescribing requires knowledge, care 


and clinical judgment,” but omit a warning about individual human 
variability. 


This book was written by 27 contributors, mostly physicians from 
Stanford University and the Palo Alto Veterans Administration Hospital, 
who have drawn upon their cumulative research and clinical experience 
to provide a useful guide, from theory to practice, of the major psychiatric 
disorders in the “new territory of psychopharmacology.” I t  provides a 
knowledge base in psychopharmacology that will permit its readers to 
be informed practitioners and enable them to evaluate new information 
as it becomes available. Although “Psychopharmacology” is not a com- 
prehensive survey of the generation of progress in this field, i t  is a good 
book and should be useful to clinicians, pharmacists, researchers, 
teachers, and students alike. Those interested in neuroregulators and 
their relation to behavioral disorders should buy a copy. 


Reviewed by George J. Cosmides 
National Institutes of Health 
Bethesda, MD 20014 


Drugs. How They Act and Why. By ALEX GRINGAUZ. C. V. Mosby, 
11830 Westline Industrial Drive, St. Louis, MO 63141. 1978.344 pp. 
18 X 26 cm. Price $14.95. 
This book is intended to serve as an aid to continuing education of 


pharmacists and other health professionals, particularly those who 
completed their formal academic training several years ago, before the 
advent of modern medicinal chemistry and molecular pharmacology. 
Accordingly, the level of presentation is elementary, and the discussions 
should be easily understood by the reader who has only minimal recol- 
lection of undergraduate biochemistry and medicinal chemistry. 


The first chapter is a general introduction of some fundamentals of 
biochemistry. Chapters 2-4 consist of a review of some important char- 
acteristics of drug action, with emphasis on physicochemical principles, 
e.g., factors affecting bioactivity, theories of drug action, selective toxicity, 
drug-receptor interactions, some stereochemistry and topography, some 
enzymology, antimetabolites, and chelation. 


Thereafter, the book discusses some major classes of medicinal agents 
from the standpoint of biochemical mechanisms of action and clinical 
pharmacology. As the author emphasizes in the preface, not all categories 
of drugs are included because the book is not intended to be encyclopedic. 
Thus, the author selected the following topics: anticancer agents, anti- 
biotics, adrenergic drugs, cholinergic drugs, analgesics, psychothera- 
peutics, and cardiovascular agents. Considering the objective of the htwk, 
most discussions seem to be adequate; however, in some cases extreme 
brevity leads to incomplete characterizations of important structure- 
activity relationships and mechanisms of action. 
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Quantitative Determination of Chlorthalidone in 
Pharmaceutical Dosage Forms by High-pressure Liquid 
Chromatography 


MICHAEL J. O'HAREX, EULALIA TAN, and JOSEPH E. MOODY 
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Abstract  A reliable and selective high-pressure liquid chromato- 
graphic procedure for the quantitative determination of chlorthalidone 
in pharmaceutical dosage forms is described. A comparison of this sta- 
bility-indicating procedure with the USP spectrophotometric assay is 
presented for chlorthalidone tablets and chlorthalidone tablets containing 
reserpine. 


Keyphrases o Chlorthalidoiie-high-pressure liquid chromatographic 
analysis in pharmaceutical dosage forms 0 High-pressure liquid chro- 
matography-analysis, chlorthalidone in pharmaceutical dosage forms 
0 Diuretics-chlorthalidone, high-pressure liquid chromatographic 
analysis in pharmaceutical dosage forms 


Chlorthalidone (I) ,  2-chloro-5-(l-hydroxy-3-oxo-l- 
isoindolinyl)benzenesulfonamide, is an oral antihyper- 
tensive-diuretic administered alone and in combination 
with reserpine in tablets'. Several methods have been re- 
ported for the determination of chlorthalidone in biological 
media (1-4) and for its chromatographic separation and 
detection in the presence of other substances (5, 6). A t  
present, there is no simple direct method for the quanti- 
tative and stability determinations of chlorthalidone in 
pharmaceutical dosage forms. 


The USP method (7) consists of solvent extraction of the 
powdered tablet material and subsequent quantitative 
comparison of the UV absorption of a solution of the ex- 
tracted chlorthalidone with the absorption of a solution 
of USP reference standard chlorthalidone run concomi- 


OH 0 
II 


I I1 


* Marketed by the USV Pharmaceutical Corp. under the trade name of Hypoton 
and in combination with reserpine under the trade name of Regroton. 


tantly. The compendial method lacks analytical specificity 
and selectivity for the active drug substance and is, 
therefore, not a reliable stability-indicating assay. 


This report describes a high-pressure liquid chromato- 
graphic (HPLC) procedure that is simple, direct, and 
specific for chlorthalidone in tablets as the single active 
drug substance and in combination with reserpine. 


EXPERIMENTAL 


Reagents-Commercial distilled-in-glass solvents2 and analytical 
reagent grade acetic acid3 were used without additional purification. 


Apparatus-A high-pressure liquid chromatograph4, interfaced to 
an electronic integrator5, was equipped with a fixed wavelength (254 nm) 
UV absorption detector and a constant volume injection valve6. 


Column-The column consisted of a stainless steel tube (Im X 2.2 mm 
i.d.) prepacked with a polyamide-coated stationary phase7. 


External Standard Solution-The external standard solution was 
prepared by accurately weighing approximately 50 mg of chlorthalidone 
reference standard8, transferring the sample to a 25.0-ml volumetric flask, 
and dissolving and diluting it to volume with acetonitrile-water (91  
v/v). 


Sample Preparation-Twenty tablets were weighed and ground to 
a fine powder. An accurately weighed sample of the ground powder, 
equivalent to approximately 50 mg of chlorthalidone, was extracted with 
25.0 ml of acetonitrile-water (91 v/v) in a 50-1111 screw-capped centrifuge 
tube by vigorous agitation on a mixerg for 15 min. Then the sample was 
centrifuged, and the supernate was saved for chromatographic analy- 
sis. 


Assay-The mobile phase, 2-propanol-acetic acid-water-n -hexane 
(301.5:0.5:68 v/v) was pumped through the column a t  a flow rate of 2 
ml/min with a column head pressure of approximately 35 kg/cm2. The 
fixed wavelength detector was operated a t  an attenuation of 0.32 aufs, 
and the column oven was maintained a t  35' throughout the analysis. 


Aliquots (10 @I) of the standard and sample solutions were injected in 


2 Burdick and Jackson Laboratories. Muskeeon. Mich. 
I .  


Mallinckrodt, St. Louis, Mo. 
Model 830, E. I. DuPont de Nemours, Wilmington, Del. 
Autolah. System IV €5. Soectra-Phvsics. Santa Clara, Calif 
Six port equipped with fO-pl loop, valco Instruments Co., Houston, Tex. 


7 Pellamidon, Whatman. Clifton, N.J. 
8 USP reference standard. 


Vortex Genie, Scientific Industries, Rohemia, N.Y. 
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Figure 1-Representative high-pressure liquid chromatogram. 


duplicate through the constant volume injection valve. Peak heights, 
determined manually, were used to calculate the average tablet content 
of chlorthalidone with the following equation: 


average tablet weight (mg) 
weight of sample (mg) 


mg of chlorthalidone/tablet= F X H X 


(Eq. 1) 


where H is the peak height of chlorthalidone in the sample solution and 
F is the ratio of the standard weight (milligrams) to the peak height of 
chlorthalidone in the standard solution. 


Alternatively, satisfactory results were obtained on an electronic in- 
tegrator programmed to measure peak area and to calculate the dosage 
of chlorthalidone per tablet. 


Table I-Accuracy, Precision, and Percent Recovery of 
Chlorthalidone from Spiked Tablet Placebo by HPLC 


Stand a r d Placebo, Chlorthalidone, mg Recovery, 
Mixture mg Added Found % 


8 
9 
10 
11 
12 
Average 
Average deviation 
s n 


140 
140 
140 
140 
280 
280 
280 
280 
560 
560 
560 
560 


50.47 49.6 98.3 
50.23 49.6 99.3 
50.86 51.4 101.1 
50.92 50.4 99.0 
50.16 50.2 100.1 
50.72 50.8 100.2 
50.47 50.5 100.1 
50.60 50.1 99.0 
50.62 50.0 98.8 
50.57 50.8 100.5 
50.69 52.0 102.6 
50.17 50.4 100.5 


100.0 
0.89 
1-18 


RESULTS AND DISCUSSION 


The quantitative determination of chlorthalidone in experimental 
tablets with and without reserpine was accomplished by HPLC using a 
stainless steel column packed with a polyamide stationary phase. The 
polyamide column separates organic substances according to subtle 
differences in polarity and degree of hydrogen bonding (8). 


The separation of chlorthalidone from its hydrolysis product (3), 4’- 
chloro-3’-sulfamoyl-2-benzophenone carboxylic acid (II), by the proposed 
method is shown in Fig. 1. The chromatogram was obtained by the 
analysis of a solution spiked with I and 11. A trace amount of water was 
added to the described mobile phase to prevent unwanted effects caused 
by column dehydration. Acetic acid was necessary to control the extent 
of hydrogen bonding to the stationary phase, thereby providing a com- 
paratively sharp symmetrical peak. Thus, by maintaining the recom- 
mended composition of the mobile phase, a reliable and quantitative 
separation of chlorthalidone was achieved. Since reserpine and normal 
tablet excipients have shorter retention times, they do not interfere with 
the analysis. 


A statistical evaluation of this method is presented in Table I. The 
results on 12 consecutive analyses of standard mixtures, consisting of the 
addition of chlorthalidone to the tablet placebo, demonstrate its accuracy 
and precision. A linear relationship of sample size versus peak height was 
obtained over the concentration range of interest by varying the addition 
of chlorthalidone from 40 to 60 mg. Since no internal standard could be 
found, the concentrations of chlorthalidone in unknown samples were 
determined by comparison of peak heights of the drug in unknown 
samples with those in standard mixtures. Excellent results were obtained 
when the chromatographic injections were performed with a constant 
volume injection valve. The relative standard deviation for this procedure 
was I.%, and the repetitive analysis of a single solution of chlorthalidone 
gave a relative standard deviation of 0.89%. 


Table 11-Comparison between the HPLC and USP Methods on 
Chlorthalidone in Experimental Tablets 


Chlorthalidone Found. 
Dosage Claimed, mghablet 


SamDlea m g h b l e t  HPLC USP - 
1 12.5 12.8 12.4 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 


25.0 
50.0 
100.0 
75.0 
100.0 
100.0 
I nn.n -_-._ 


100.0 
50.0 
50.0 
50.0 


~~. 
25.2 24.2 
50.3 50.8 
99.1 100.0 
74.6 74.8 
98.8 100.0 
101.4 100.0 
101.2 100.7 
99.0 100.6 ~~ 


50.3 50.8 
49.1 51.8 
50.5 51.0 


13 50.0 50.3 50.6 


15 50.0 50.0 50.9 
16 50.0 50.2 51.3 


a Experimental tablets without reserpine are Samples 1-12; experimental tablets 


14 50.0 49.2 50.8 


with reserpine are Samples 13-16. 
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The experimental data in Table I1 were obtained on randomly selected 
samples of experimental tablets containing chlorthalidone with and 
without reserpine. The samples were analyzed in duplicate for chlor- 
thalidone by the HPLC method and the conventional USP procedure. 
The results from both methods are comparable. However, since the 
HPLC method is stability indicating with respect to the hydrolysis 
product, 11, this procedure is more reliable than the USP method and 
more accurately reflects the actual concentration of chlorthalidone per 
tablet dose. 
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Abstract  0 Thirteen new derivatives of 2-alkyl- and 2,2-dialkyl-N- 
benzylcyanoacetamide, a cyano analog of beclamide, were synthesized 
and tested for anticonvulsant activity. The unsubstituted compound was 
more active and more toxic than the derivatives. No activity was observed 
when the alkyl substituents in the symmetrically disubstituted deriva- 
tives contained a total of six or more carbon atoms or when benzyl was 
a substituent. The monosubstituted compounds were more toxic than 
the disubstituted compounds. 


Keyphrases 0 N-Benzylcyanoacetamides, alkyl substituted-synthe- 
sized, evaluated for anticonvulsant activity in mice Anticonvulsant 
activity-alkyl-sutistituted N-benzylcyanoacetamides evaluated in mice 
0 Structure-activity relationships-N-benzylcyanoacetamides evaluated 
for anticonvulsant activity in mice 


Although early reports (1-3) of the use of beclamide (I) 
in the treatment of grand ma1 and psychomotor seizures 
were promising, the usefulness of the agent has proved to 
be disappointing. Beclamide has the characteristic struc- 
tural arrangement of the common antiepileptics (l), as 
shown in 11. The fact that the a-carbon atom only bears a 
single substitution has been suggested as the reason for the 
variable results obtained clinically. 


Schwartz et al. (4, 5 )  reported the anticonvulsant ac- 
tivity of a number of substituted cyanoacetamides. Al- 
though several C-monoalkyl cyanoacetamides were pre- 
pared as intermediates, only the C-dialkylated products 
were tested for anticonvulsant activity. Activity against 
electroshock, sedative activity, and toxicity increased with 
increasing hydrocarbon substitution on the a-carbon atom 
up to  dipropyl, which was the most highly substituted 
compound tested (4). Also, N-methylation and N-di- 
methylation caused a significant decrease in potency, while 


I l i i l  0 


-C- N-C-C- 
II 


C,,HiCH,NHCCH,CH,C1 


I 
I1 


N-propylation and N-cyclization (pyrrolidine, piperidine, 
and morpholine) led to inactive compounds (4). 


This report describes the preparation and activity of 
several substituted N-benzylcyanoacetamides as cyano 
analogs of beclamide. The substituents were chosen to 
study the effectiveness of substituting a nitrile group for 
a chloromethyl group in beclamide and the degree of hy- 
drocarbon substitution that  would retain activity in this 
series of cyanoacetamides. 


EXPERIMENTAL’ 


%-Substituted N-Benzylcyanoacetamides (IV-XI and X W -  
These compounds were synthesized by a modification of the reported 
method (5). Compound Ill (6) (17.4 g, 0.10 mole) was added to a solution 
of potassium hydroxide (5.6 g, 0.10 mole, or 11.2 g, 0.20 mole) in form- 
amide (50-75 mi). The mixture was stirred a t  ambient temperature for 
1 hr, and the appropriate alkyl bromide (0.10 or 0.20 mole) was added. 


For the preparation of the monosubstituted compounds, the mixture 
was stirred a t  ambient temperature for 3 hr; for the disubstituted de- 
rivatives, the mixture was retluxed for 1-3 hr. Then the reaction mixture 
was poured into ice water with stirring and filtered. The residue was re- 
crystallized from the appropriate solvent (Table I)  and activated char- 
coal. 


The NMR spectra were consistent with the proposed structures. The 
NMR spectra of IV-XI showed the following common absorption peaks 
(CDC13): 6 7.15-7.25 (s, 5H or ]OH, ArH) and 4.30-4.40 (d, 2H, NCH2Ar) 
ppm. Additional absorption peaks were noted for: IV, 1.60 (s, 6H. CH:O 
ppm; and V, VII, IX, and XI, 3.30-3.35 (m, 1H, CH) ppm. Depending on 
the alkyl substituent (V-X), the absorption in the hydrocarbon region 
ranged from 6 0.70 to 2.50 ppm with a multiplet splitting pattern. Each 
spectrum integrated for the correct number of protons. For XVI, the 
NMR spectrum showed the following absorption peaks (CDC13): 8 7.20 
(s,15H, ArH), 4.20 (d, 2H, NCHZAr), and 3.20 (q,4H, CCH2Ar) ppm. 
N-Benzyl-2-benzyl-2-methylcyanoacetamide (XI1)-To a solution 


of potassium hydroxide (2.80 g, 0.05 mole) and formamide ( I0  ml) in di- 
methyl sulfoxide (30 ml) was added XI (13.2 g, 0.05 mole), and the mix- 
ture was stirred for 30 min. Potassium iodide (0.1 g) and methyl iodide 


1 Melting points were determined in open capillary tubes and are uncorrected. 
Elemental analyses were performed by Atlantic Microlab, Atlanta, Ga. NMR data 
were recorded on a Varian Associates T-60A spectrophotometer. 
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oral dose theophylline bioavailability studies in human adults and pe- 
diatric patients. 
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Abstract Extractive alkylation was used to determine intact pemoline 
in serum and urine. Pemoline was extracted into methylene chloride as 
an ion-pair with tetrapentylammonium hydroxide under alkaline con- 
ditions. Evaporation of the solvent a t  70° in the presence of methyl iodide 
yielded the N,N-dimethylpemoline derivative. GLC analysis was per- 
formed on a 5% FFAP column with nitrogen-specific detection. Sensi- 
tivity was 0.05 pg/ml with 1 ml of urine or serum. Calibration curves were 
linear to at least 4 pg/ml with serum and 15 pglml with urine. Precision 
was excellent with a pooled relative standard deviation of f7.5% for serum 
samples in a 0.1-4-pghl range. 


Keyphrases Pemoline-GLC assay using nitrogen-specific detection, 
biological fluids GLC-analysis, pemoline in biological fluids 0 
Stimulants-pemoline, GLC assay in biological fluids 


Several methods to determine pemoline (2-amino-5- 
phenyl-2-oxazolin-4-one) in biological fluids have been 
published. In one method (l), pemoline is hydrolyzed to 
mandelic acid with subsequent oxidation to benzaldehyde. 
The benzaldehyde is then determined spectrophotomet- 
rically. Benzaldehyde generated from pemoline has also 
been determined by GLC (2). Large sample volumes are 
required, and the method is tedious and nonspecific. 
High-pressure liquid chromatography has been applied 
to urine samples and pharmaceutical preparations (3). 
However, this method and a TLC method (4) lack the 
sensitivity for plasma samples. 


A GLC method ( 5 )  using flame-ionization detection 
involves hydrolysis of pemoline to 5-phenyl-2,4-oxazoli- 
dinedione with subsequent methylation using diazo- 
methane. Extensive cleanup procedures are needed with 
blood samples, and 60% of the final extract is injected into 


the chromatograph to achieve sensitivity. A similar ap- 
proach was recently taken by Libeer and Schepens (6). 


A recent GLC method using electron-capture detection 
determined 5-phenyl-2,4-oxazolidinedione without 
methylation (7). The method is sensitive but requires 
careful column preparation and preservation to minimize 
tailing and to maximize resolution from coextractives. 


This paper describes the application of extractive al- 
kylation (8, 9) and nitrogen-specific detection for the 
analysis of pemoline in biological fluids. 


Table  I-Precision of Serum and  Urine Pemoline Assay 


Pemoline 
Concentra- RSD, 
tion, pg/ml Peak Area Ratioo % 


Serum 
0 0 
0.05 0.015 f 0.0006 4.0 
0.10 0.029 f 0.0040 13.8 
0.25 0.097 f 0.0038 3.9 
0.50 0.17 f 0.023 13.5 
1 .o 0.33 f 0.011 3.3 
2.0 0.68 f 0.013 1.9 
3.0 1.0 f 0.025 2.5 
4.0 1.4 f 0.076 5.4 


- 


Urine 
0 0 
1 .o 0.25 f 0.0050 2.0 
5.0 1.4 f 0.047 3.4 


15.0 4.4 f 0.095 2.2 


- 


Mean f SD of triplicate standards. 
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Figure 1-GLC tracings of serum and urine samples containing pemoline. Key: I ,  serum blank with internal standard; 11, serum standard containing 
3 pg of pemolinelml; Ill, human serum sample 8 hr after 50-mg oral dose of pemoline; IV,  urine standard containing 4 pg of pemolinelrnl and 8 
pg of p-methoxypemolinelmt; V, human urine sample 8 hr after 50-mg oral dose of pemoline; a,  pemoline; b. internat standard; c, 5-(p-hydroxy- 
phenyl)-2-amino-2-oxazolin-4-one (possible metabolite, although not observed in humans); and d ,  5-phenyl-2,4-oxazolidinedione (metabolite). 


EXPERIMENTAL 
Reagents-All solvents were analytical reagent grade'. Tetrapen- 


tylammonium hydroxidez, pemoline, 2-(N,N-dimethylamino)-5-phe- 
nyl-2-oxazolin-4-one, 5-phenyl-2,4-oxazolidinedione, and the internal 
standard 2-amino-5-(2'-methylphenyl)-2-oxazolin-4-one were used as 
supplied3. 


Instrumentation-A gas chromatograph4 equipped with a dual ni- 
trogen-phosphorus flame-ionization detector, an automatic sampler6, 
and a computing integrator was used. The chromatograph was fitted with 
a 1.2-m X 2-mm i.d. coiled glass column packed with 5% FFAP6 on 
Chromosorb W-HP7 (80-100 mesh). The column was conditioned over- 
night a t  255O with a helium gas flow rate of 35 mllmin. 


Normal operating temperatures were 250, 245, and '280' for the in- 
jection port, oven, and detector, respectively. The helium carrier gas flow 
rate was 38 ml/min. The hydrogen and air flow rates were 3.0 and 50 
mllmin, respectively. An attenuation of 23 or 24 was used. 


Preparation of Standards-Standard stock solutions of 1 mg/ml of 
pemoline and the internal standard were prepared in methanol. A 
working internal standard solution a t  0.5 pglml was prepared by diluting 
0.5 ml of the 1-mg/ml solution to 1 liter with distilled water. A 4-pglml 
pemoline serum standard was prepared by adding exactly 400 pl of the 
1-mglml pemoline stock solution to a 100-ml volumetric flask and ad- 
justing to volume with drug-free serum. 


Other serum standards were prepared by serial dilutions with serum. 
Urine standards were prepared in a similar manner using fresh urine. All 
standards were kept in a freezer until used. 


Mallinckrodt. 
Eastman. 
Abbott Laboratories. ' Hewlett-Packard model 5830A. 
Hewlett-Packard model 7671A. 
Varian Aerograph. 
Applied Science Laboratories. 


Table 11-Accuracy of Se rum and  Urine Pemoline Assay 


Pemoline Concentration, rglml Percent 
Actual Calculated Difference 


1 .o 
0.24 
3.8 
2.6 
0.12 
0.84 
1.9 
2.5 
4.1 
3.3 
3.4 


4.5 
10.7 
15.2 
5.6 
1.8 
7.7 


Serum 
0.97 
0.28 
3.9 
2.5 
0.10 
0.71 
1.9 
2.5 
4.0 
3.1 
3.6 
Urine 
4.3 


10.8 
15.5 
5.5 
1.6 
8.0 


-3.0 
+16.7 


+2.6 
-3.8 


-16.7 
-8.3 


0 
0 


-2.4 
-6.1 
+5.9 


-4.4 
+0.9 
+2.0 
-1.8 


-11.1 
+3.9 


Extraction Procedure-Serum and urine sample volumes were ad- 
justed, if necessary, to the 0.1-4-pg of pemolinelsample range. 


To a 15-ml screw-capped polytef (lined) conical test tube containing 
6 ml of 0.5 M methyl iodide in methylene chloride were added exactly 
1 ml of the internal standard solution and 1 ml of serum or urine sample. 
Then 0.5 ml of 0.5 N NaOH and 100 pl of 0.05 M tetrapentylammonium 
hydroxidewere added, and the tube wascapped, shakens& a reciprocal 


8 Eberbach Corp. 
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shaker at about 150 cpm for 10 min, and centrifuged a t  20° for 10 min 
a t  3000 rpm. 


The upper aqueous phase was discarded, and 5 ml of the organic phase 
was transferred to a 15-ml conical screw-capped teet tube. This Beparation 
could also be accomplished using phase separation papers. The extract 
was evaporated to dryness a t  70' plus an additional 10 min after reaching 
dryness with a stream of filtered air or nitrogen. The residue was recon- 
stituted with 0.3 ml of benzene and mixed for 5 sec. Samples were cen- 
trifuged for 5 min a t  2500 rpm and then stood a t  room temperature a t  
least 1 hr before 2 pl was injected into the chromatograph. 


Total urinary pemoline levels were determined by incubating 1 ml of 
an adjusted urine samplei0 with loo0 units of a glucuronidase-sulfati* 
preparation in 0.2 ml of 0.2 M acetate buffer (pH 4.5) for 20 hr at 37O. 
After incubation, 1 ml of the internal standard solution, 0.6 ml of 0.5 N 
NaOH, 100 pl of 0.05 M tetraphenylammonium hydroxide, and 6 ml of 
0.5 M methyl iodide in dichloromethane were added. Extractive meth- 
ylation was performed as described for serum samples. 


Calculations-A linear calibration curve was constructed by plotting 
peak area ratios (pemoline/internal standard) against the serum or urine 
pemoline concentration of pemoline spiked standards. Unknowns were 
calculated using a computing integrator programmed with the slope of 
the calibration curve. The slope was obtained by a least-squares linear 
regression analysis of the pemoline standards. 


RESULTS AND DISCUSSION 
Under the conditions of alkylative extraction, pemoline was methylated 


with methyl iodide to 2-(N,N-dimethylamino)-5-phenyl-2-oxazolin-4-one 
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Figure 2-Comparison of wash versus nonwash serum extracts. Key: 
I ,  serum extract without methylene chloride wash; 11, serum extract with 
methylene chloride wash; a, pemoline; and b, internal standard. 


9 Whatman 1 PS. 
lo Urine samples from a fasted subject administered a single 75-mg oral dose of 


11 Glusulase, Endo 1,aboratories. 
pemoline. 


pemoline: R = H 
,internal standard: R = CH, 


2-N,N-dimethylamino derivative 


Scheme I 


(Scheme I). Identification was made by comparison of the GLC-mass 
spectral properties with those of an  authentic sample of 2-(N,N-di- 
methylamino)-5-phenyl-2-oxazolin-4-one. Pemoline (Rr  4.2 min) and 
the internal standard (RT 5.0 min) peak shapes were symmetrical and 
well resolved from coextractives (Fig. 1). The 5-phenyl-2,4-oxazoli- 
dinedione metabolite had a retention time of 9.4 min (Fig. 1). 


The choice of tetrapentylammonium hydroxide was based on pre- 
liminary experiments with radioactive pemoline3 (l-14C-pemoline). 
Recoveries from serum (0.5 pg/ml) averaged 63 f 1.2% using the tetra- 
pentylammonium counterion. Recoveries from serum using tetramethyl-, 
tetrahexyl-, and tetraheptylammonium counterions were 1.7,57, and 27%, 
respectively. 


The assay precision was good for both serum and urine samples (Table 
I). Relative standard deviations ranged from f1.9 to f13.8% with a pooled 
value of f7.5% for serum samples. Relative standard deviations for urine 
samples ranged from f2.0 to f3.4% with a pooled value of f2.5%. The 
assay sensitivity was less than 0.05 pglsample. Calibration curves were 
linear over the range of 0.05-4 pg of pemoline/sample. Correlation coef- 
ficients were >0.99 with y-intercepts not significantly different from 
zero. 


Accuracy was evaluated by analyzing serum and urine samples spiked 
with pemoline. As shown in Table 11, the accuracy was excellent, espe- 
cially for samples containing more than 0.5 pg of pemoline. 


Inclusion of a methylene chloride wash step prior to the addition of 
tetrapentylammonium hydroxide reduced the amount of coextractives 
in the solvent front (Fig. 2) with only a slight improvement in precision. 
Triplicate serum standards at 4 pg/ml were assayed with and without the 
methylene chloride wash. The relative standard deviation with the 
methylene chloride wash was i1.7%; without the wash (described pro- 
cedure), it was f2.5%. The additional step may be necessary with highly 
contaminated serum, plasma, or urine samples. 


The efficiency of the FFAP column is maintained at a high level by 
repacking the first 10 cm of the column every 100-150 sample injec- 
tions. 


Since pemoline is assayed without prior hydrolysis, this method is 
useful for the analysis of pemoline metabolites. 5-Phenyl-2,4-oxazoli- 
dinedione, which is a metabolite in rabbitsI2, can be determined, as can 
the possible metabolite 5-(p-hydroxyphenyl)-2-amino-2-oxazoline-4-one 
( R r  10.5 min in Fig. 2). The degree of pemoline conjugation in urine also 
can be determined from the difference between enzymatically hydrolyzed 
and nonhydrolyzed samples. 


Its sensitivity, precision, and specificity make this method desirable 
lor  bioavailability and pharmacokinetic studies. Ease of performance 
allows for the rapid screening of biological samples for pemoline in drug 
abuse cases. 
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Table 11-Pharmacokinetic Parameters  for t he  Disappearance of Dog Plasma Pentazocine following a n  Intravenous Dose of 0.3 


Animal Plasma Apparent Area under 
the Curve, 


and Sex K12 K”] Kio Rate, literdhr Steady State, liters min ng hr/ml 


17.2 F 2.27 1.89 1.05 2.88 6.04 100.2 99.6 
9.6 F 2 . a  3.41 0.65 3.99 9.80 106.8 80.7 


Weight, kg, Rate Constants, hr-I Clearance Distribution, Volume, tll.Zo* 


12.6 M l i .6  5.26 1.67 
Mean 6.29 3.52 1.12 


f S E M  f4.15 f0.97 f0.29 


1.68 
3.18 


f0.41 


6.07 
7.30 


f1.25 


99.6 107 
102.2 95.9 
f2 .3  f7.95 


ported pentazocine terminal elimination half-life of 150 min in dogs is 
in good agreement with the present estimate (102 min, Table 11). The 
two-compartment model was used recently to describe pentazocine 
pharmacokinetics in healthy humans (18) where the average terminal 
disposition half-life was 209 min. 
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Abstract 0 The preparation of beads including polymer, vinyl monomer, 
and drug was carried out hy low temperature, radiation-induced poly- 
merization. Complete spherical particles were obtained when ethanol 
was the precipitation medium. Polymers such as polymethyl methacrylate 
and polystyrene were dissolved in various glass-forming monomers, and 
the drug was dispersed in the mixture. The mixture was dropped into cold 
precipitation media. The formed monomeric particle was irradiated a t  
low temperatures to produce polymerization. The drug release profiles 
from polymerized particles were changed by varying the glass-forming 
monomer and the precipitation medium. 


Keyphrases o Dosage forms-controlled-release delivery devices, ra- 
diation-polymerized beads, potassium chloride 0 Potassium chlo- 
ride-contralled-release delivery devices, radiation-polymerized beads 


Polymers-controlled-release delivery devices, beads, potassium 
chloride 


Controlled drug release may improve effectiveness and 
safety in drug use (1-3). Drug entrapment in polymerized 
matrixes may be an effective way to control release. Vari- 


ous bioactive materials, such as enzymes or microbial cells, 
could first be attached effectively to a carrier surface and 
then incorporated into a polymer by means of radiation- 
induced polymerization at  low temperatures (4, 5). This 
method can be performed using monomers that form sta- 
ble glass-like states when supercooled and that can be 
readily polymerized at low temperatures (6). 


This method can be applied to entrapping low molecular 
weight drugs for controlled release as well as high molec- 
ular weight bioactive substances. Entrapping drugs in fine 
polymer particles, such as microspheres, could have 
practical advantages. Trapping enzymes or microbial cells 
on a carrier surface is desirable for the contact with the 
substrate (7). Immobilized enzyme or microbial cell mi- 
crospheres were obtained by suspension polymerization 
of a hydrophobic glass-forming monomer and a buffered 
enzyme solution a t  low temperatures or by polymerization 
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Table I-Properties and  Preparat ion of Polymer, Glass-Forming Monomer, and  Potassium Chloride Beads in Low Temperature  
Polymerization 


Precipitation Property of Beads 
Condition CKCh 


Polymer-Monomer Tempera- Dav. mg/par- 
Sample Composition, wt. % Medium ture W,% Shape mm ticle 


1 100% Diethylene glycol dimethacrylate Methanol -78" 3.8 Nonparticle - - 


2 5% Polymeth I methacrylate-95% diethylene glycol dimethacrylate Methanol -78" 3.3 Ellipsoid - 19 


4 20% Polymethyl methacrylate-80% diethylene glycol dimethacrylate Methanol -78" 3.1 Ellipsoid - 


7 10% Polymethyl methacrylate-90% diethylene glycol dimethacrylate n-Hexane -78" 3.4 Ellipsoid - 19 
8 10% Polymethyl metharrylate-90% diethylene glycol dimethacrylate Ethanol -24' - Nonparticle - - 


(block 
composite) 


21 
23 


5 10% Polymethyl methacrylate-90% diethylene glycol dimethacrylate Ethanol -78" 2.7 S here 2.2 f O . l  18 
20 


3 10% Polymetiyl methacrylate-90% diethylene glycol dirnethacrylate Methanol -78" 3.6 Ellipsoid - 


6 10% Polymethyl methacrylate-90% diethylene glycol dimethacrylate n-Butanol -78' 3.6 Eiipsoid - 


(block 
composite) 


9 10% Polymethyl methacrylate-90% hydroxyethyl arrylate Ethanol -78" 64.5 Sphere 2.1 f 0.1 16 
10 10% Polymethyl methacrylate-90% glycidyl methacrylate Ethanol -78" 4.2 Sphere 1.9 f 0.1 17 
11 10% Polymethyl methacrylute-909h hydroxyethyl methacrylate Ethanol -78" 32.0 Sphere 2 . 0 f  0.1 17 
12 10% Polymethyl methacrylate-909h trimethylolpropane trimethacrylate Ethanol -78" 2.6 Sphere 2.1 f 0.1 20 
13 100% Glycidyl methacrylate Ethanol -78" 4.0 Nonparticle - _- 


(block 
composite) 


14 10% Polystyrene-S& glycidyl methacrylate Ethanol -78" 3.8 Sphere 2.0 f 0.1 23 
15 20% Polystyrene-8W glycidyl methacrylate Ethanol -78" 3.5 Sphere 2.2 f 0.1 21 


of the salted-out hydrophilic glass-forming monomer and 
a buffered enzyme solution. 


Drugs also can be entrapped inside the microsphere 
polymer matrix, because low molecular weight substances 
leach too rapidly from the surface-sorbed state. In this 
report, a new method for small solid particle preparation 
incorporating drugs inside the matrix by means of radia- 
tion-induced polymerization at  low temperatures was in- 
vestigated. 


EXPERIMENTAL 


Materials-Potassium chloride' was the drug used. 
2-Hydroxyethyl methacrylate?, diethylene glycol dimethacrylate:', 


trimet hylolpropane t r imeth~rrylate~,  glycidyl methacrylate*, and hy-  
droxyethyl acrylate2 were the glass-forming monomers. Methyl meth- 
acrylatez was the nonglass-forming monomer. 


Reagent grade methanol2. ethanol2, n-buthanol', n-hexane2, and 


Stirrer 


Trlmethy(olpropone Trimethaerylote 
Polyethylene Glycol 600 
Poroccium Chlonde 


n-wxonr ,,- 14-Butonedlol 


n -Hexone 
(-780 1 


Polymer 
Porricle 


(8) (b) ( c )  (d) 
Figure 1-Preparation methods for porous polymerized spheres con- 
taining potassium chloride. 


1 About 48-mesh powder, Otsuka Pharmaceuticals Co. 
2 Tokyo Kasei Kogyo Co. Monomers were purified by distillation according to 


Conventional methods. 
3 Shin-Nakamura Chemical Co. Monomers were purified by washing with 1% 


NaOH, passing over Amberlite A-27 (Kohm & Haas). and drying over molecular 
sieves 4A. 


Figure 2-Photograph of spherical particles 


1,4-butc1nediol' were the precipitation media. Polymethyl methacrylate4. 
polyethylene glycol 600', and polystyrene6 were the polymers used. 


Preparation of Radiation-Polymerized Reads-Drops of polymer, 
monomer, and drug (potassium chloride) mixtures were allowed to fall 
into a cold (-78') precipitation medium with the equipment shown in 
Fig. l a .  The solid globules were irradiated a t  -78" (dry ice-methanol) 
or -24' for 2 hr at  1 X 106 radshr  with T o  y-rays. After irradiation, the 
polymerized spheres were removed and dried. When polyethylene glycol 
600 replaced the polymers polymethyl methacrylate or polystyrene, the 
solidified globules were irradiated for 1 hr a t  1 X lo6 radshr .  Then the 
original n-hexane precipitation medium was replaced by cooled 1,4- 
butanediol. and polymerization was continued for 2 hr a t  room temper- 
ature a t  the same rate. 


Properties of Spheres-The mean particle diameter, D,.,, was 
measured by optical microscopic observation6, and the mean potassium 
chloride amount, CKCI, was estimated from the potassium chloride re- 
leased from the beads. To estimate the polymer hydrophilicity, water 
content, W, was determined according to: 


4 Mitsubishi Rayon Co. 
5 Denki Kagaku Co. 
6 Model SMZ-6. Nippon Kogaku c o .  
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Figure 3 - - ~ ' i ~ l n . s s i u m  chloridc rclcasc profile from polymerized parti- 
cles. Nunibcrs rcfcr to  c~~mpositions (Tahle I). 


w ( ', 1 = ~ w' x 100 
U',) + w,, (Eq. 1) 


where W,, and W ,  are the weights of the water required to saturate the 
polymer and of the dried polymer, respectively. 


Dissolution of Potassium Chloride from Polymerized Spheres- 
The dissolution test was tarried out at 37", 100 rpm, with the dissolution 
apparatus' hased on LISP XIX. The basket was immersed in the vessel 
containing 1000 ml of dissolution medium, usually water a t  pH 6.0. A t  
selected intervals over 480 min, 5 ml of the dissolution medium was 
sampled and the released potassium chloride was assayed spectropho- 
tometricaIIyx (8).  
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Figure I-Potassium chloride release lrom spheres as a binary mono- 
mer composition function in 30";. monomers-70';. polyethylene glycol 
600. Key (monomer composition): 0, 70'; methyl methacrylate-30% 
trimethylolpropane trimethacrvlate; 0,50';,  methyl methacrylate-50% 
trimethylolpropane trimethacrylate; and  A, 305';) methyl methacry. 
latc-70", Lrini~~th~lolpropane trimethacrylate. 


Model TR-5s. Toyama Sangyo Co. * Model L!V-200 Shimam doirhle-heam spectrophotometer. 
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Figure 5-F'otassium chloride release from spheres as a function O /  


polyethylene glycol 600 concentration in SO';. methyl methacrylate- 
50';. trimethylolpropone trimethacrylate monomer system. Key 
(polycthylc,nc glycol 600 concentration): 0, 70''; ; 0, 50rC; and A, 
30 ";, 


RESULTS AND DISCUSSION 


Nonglass-Forming Monomers-Methyl methacrylate required a t  
least 6% polymethyl methacrylate to form stabilized globules when 
dropped into cold methanol. Otherwise, the monomer-polymer-drug 
rnixture t'ormed threads or  simply coalesced into an immiscible layer. 
Other precipitation media produced similar results. Methyl methacrylate 
polymerization did not yield solid spheres a t  cold temperatures and 
merely coalesced above 0'. 


Glass-Forming Monomers-These monomers gave well-formed solid 
glohules when mixed with polymer and potassium chloride and super- 
cooled. They were easily polymerized by irradiation at the low temper- 
atures used. 


Globule Formation-Ethanol as the supercooled precipitation me- 


Figure 6-Scanning electron micrograph of sphere structure. The 
spheres (2.4 f 0.2 mm in diameter) were prepared with 30% (methyl 
methacrylate-trimethyylolpropane trimethacrylate)-70Co polyethylene 
glycol 600, a monomer composition o/50% methyl methacrylate-50% 
trimethylolpropane trimethacrylate. ethanol as the precipitation me- 
dium, and a precipitation temperature of -78". Irradiation was carried 
out under the conditions shown in Fig. 1. 
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dium yielded spherical glohules (Fig. 29). Methanol, n-butanol, and n- 
hexane formed ellipsoidal globules. Globule formation seemed dependent 
on the polymer present in the mixture and on a precipitation medium 
temperature not above -24'. When these conditions were not met, co- 
alescence but not stabilization occurred. 


Release of Potassium Chloride-In the spheres containing poly- 
methyl methacrylate as the polymer and diethylene glycol dimethacrylate 
as the monomer (Samples 2-7). the methanol precipitation medium in- 
creased potassium chloride release (Fig. 3). In nonmethanol precipitation 
media, release from relatively strongly hydrophilic beads (Samples 9 and 
11) was faster than that from less hydrophilic matrixes. 


The binary monomer spheres containing polyethylene glycol 600 in 
place o f  polymer showed a release rate independent of the methyl 
methacrylale-trimethylolpropane trimethacrylate proportions (Fig. 4). 
The polyethylene glycol 600 concentration strongly aflected potassium 
chloride release (Fig. 5). Larger polyethylene glycol 600 proportions to- 
gether with 1.4-butanediol in the final polymerization step yielded 
spheres with a markedly porous internal structure (Fig. GIo) .  
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Abstract 0 Charge transfer complex formation between nucleic acid 
haaes and isoproterenol was demonstrated from UV absorption mea- 
surements. The solvent polarity effects on equilibrium constants were 
investigated. The solvent systems containing 0.1 N HCI were 20% aqueous 
ethanol, water, and water containing sodium chloride. The equilibrium 
constants, calculated from UV absorption data by the application of the 
Benesi-Hildebrand equation, were small and increased with increasing 
ionic strength. Equilibrium constant wavelength dependence was dem- 
onstrated in some cases. 


Keyphrases o Complexes, charge transfer-nucleic acid bases with 
isoproterenol, various solvents, UV absorption study Nucleic acid bases 
--charge transfer complex formation with isoproterenol, various solvents, 
UV absorption study 0 Solvents, various-charge transfer complex 
formation, nucleic acid bases with isoproterenol, UV absorption study 


Catechol forms the catecholamine aromatic nucleus and 
anchors these molecules to their receptors (1). The ad- 
renergic sites and the biogenic amine storage granules are 
known to contain adenosine triphosphate, phosphate, and 
magnesium ions (2,3).  Complex formation between these 
ions and catecholamines has been demonstrated (4, 5). 
Evidence for charge transfer complex formation between 
catechol, epinephrine, and nucleic acid bases has been 
presented (6-8). 


The present study was undertaken to trace the cate- 
cholamine action mechanism, to obtain more information 
about adrenergic receptors, and to investigate adenosine 
triphosphate-like action of some other storage granule 
nucleoside triphosphates. UV absorption was used to study 


the interactions between the nucleic acid bases and iso- 
proterenol in the following solvents containing 0.1 N HC1: 
20% aqueous ethanol, water, and water containing sodium 
chloride. 


EXPERIMENTAL 


Isoproterenol sulfate dihydratel, thymine', cytosine*, standard hy- 
drochloric acid solution2, adenine?, uracil3, and sodium chloride4 (BP) 
were the highest commercially available purity (>99?6) and were used 
without further purification. 


Solutions containing a fixed nucleic acid base concentration (0.02 M, 
except cytosine-containing solutions in 2096 alcohol, fixed a t  0.01 M) and 
different isoproterenol sulfate concentrations (0.3-0.8 M) were prepared 
by dilution from concentrated standard solutions. 


The solvents used were 2096 aqueous ethanol containing 0.1 N HCI, 
0.1 N aqueous HCI, and water solutions containing 0.1 N HCI and dif- 
ferent amounts of sodium chloride. 


All solutions were freshly prepared, and their spectra were recorded 
within 6 hr in 1-cm path length rectangular cells with stoppers. Most 
experimental work was carried out in subdued light to avoid isoproterenol 
light oxidation and a t  room temperature (20-25O). 


The spectrophotometersh were checked and calibrated with an oxide 
film6. Cell holders were thermostated to maintain the temperature a t  25'. 
The baseline was recorded before the experiments with the same solvent 
in the reference and in the sample compartments. 


1 Aldrich Chemical Co.. Milwaukee, Wis. 


3 Hopkin and Williams Chemical Co., Chadwell Heath, Essex, England 
4 Evang Medical Ltd., Liverpool, England. 
6 Perkin-Elmer model 402 and Pye Unicam model SP 800 UV-visible. 
6 Holmium 


HIIH Chemical Co., Poole. England. 
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BOOKS 


REVIEWS 


Psychopharmacology: From Theory To Practice. Edited by JACK 
D. BARCHAS, PHILIP A. BERGER, ROLAND D. CIARANELLO, 
and GLEN R. ELLIOTT. Oxford University Press, 200 Madison Ave., 
New York, NY 10016. 1977. xxiii + 557 pp. 15 X 23 cm. Price $17.95 
cloth, $10.95 paper. 
Although the treatment of mental and emotional diseases still leaves 


much to be desired, some of the most dramatic accomplishments have 
occurred in the area of pharmacotherapy. A quarter of a century has 
elapsed since the introduction of the new psychotropic drugs. During this 
generation of progress, the number of patients in mental hospitals has 
steadily decreased by about 360,000 from 559,000 in 1955 to the current 
estimate of less than 200,000. Attitudes have also changed toward mental 
and emotional disorders, with the recognition that these disorders are 
treatable and affect people of all ages. The economic cost of mental illness 
to this nation is estimated at more than $50 billion annually. 


This book discusses recent developments in the study of neuro- 
transmitters and neuromodulators (neuroregulators) and evidence in- 
dicating that behavioral events alter neurochemical function and that 
altered neurochemical function also can change behavior. Its central 
theme is the importance of neuroregulators and how they are affected 
by drugs. Thus, the interrelationships of drugs, neuroregulators, and 
behavior become the essence of psychopharmacology. 


The text is fundamentally concerned with “the major psychiatric 
disorders and the manner in which the science of pharmacology may be 
applied, either immediately or ultimately, to their amelioration.” The 
authors attempt to integrate the basic science and clinical aspects of 
psychopharmacology for those who will be responsible for the treatment 
of psychiatric patients. The scientific principles behind psychophar- 
macology are explained first, and then their relevance to the use of psy- 
chotropic drugs in good patient care is demonstrated. The text does not 
delve deeply into patient management, provide detailed descriptions of 
drug classes, summarize drug efficacy studies, or review classifications 
of psychiatric illnesses. Its coverage of pharmacotherapy is not very de- 
tailed. 


“Psychopharmacology” is divided into five parts. Part I reviews, very 
nicely, the basic fields of study in psychopharmacology dealing with 
biochemical information on neuroregulators and the presumed mecha- 
nism of action of psychotropic drugs. Part I also includes chapters on the 
psychological and sociological aspects of psychopharmacology. P a r t l l  
describes disorders that affect most patients who require psychiatric care, 
while Part  111 deals with drug abuse. Part  IV discusses the pharma- 
cotherapy of the young and the elderly, and Part V discusses specific 
topics important to psychopharmacology such as the use of placebos, the 
psychiatric effects of nonpsychiatric drugs, and the relationship of psy- 
chotherapy and pharmacotherapy. 


The authors tried to make the treatment sections as practical as pos- 
sible, providing informatidn on normal dose ranges and side effects. They 
caution physicians that “the act of prescribing requires knowledge, care 


and clinical judgment,” but omit a warning about individual human 
variability. 


This book was written by 27 contributors, mostly physicians from 
Stanford University and the Palo Alto Veterans Administration Hospital, 
who have drawn upon their cumulative research and clinical experience 
to provide a useful guide, from theory to practice, of the major psychiatric 
disorders in the “new territory of psychopharmacology.” I t  provides a 
knowledge base in psychopharmacology that will permit its readers to 
be informed practitioners and enable them to evaluate new information 
as it becomes available. Although “Psychopharmacology” is not a com- 
prehensive survey of the generation of progress in this field, i t  is a good 
book and should be useful to clinicians, pharmacists, researchers, 
teachers, and students alike. Those interested in neuroregulators and 
their relation to behavioral disorders should buy a copy. 


Reviewed by George J. Cosmides 
National Institutes of Health 
Bethesda, MD 20014 


Drugs. How They Act and Why. By ALEX GRINGAUZ. C. V. Mosby, 
11830 Westline Industrial Drive, St. Louis, MO 63141. 1978.344 pp. 
18 X 26 cm. Price $14.95. 
This book is intended to serve as an aid to continuing education of 


pharmacists and other health professionals, particularly those who 
completed their formal academic training several years ago, before the 
advent of modern medicinal chemistry and molecular pharmacology. 
Accordingly, the level of presentation is elementary, and the discussions 
should be easily understood by the reader who has only minimal recol- 
lection of undergraduate biochemistry and medicinal chemistry. 


The first chapter is a general introduction of some fundamentals of 
biochemistry. Chapters 2-4 consist of a review of some important char- 
acteristics of drug action, with emphasis on physicochemical principles, 
e.g., factors affecting bioactivity, theories of drug action, selective toxicity, 
drug-receptor interactions, some stereochemistry and topography, some 
enzymology, antimetabolites, and chelation. 


Thereafter, the book discusses some major classes of medicinal agents 
from the standpoint of biochemical mechanisms of action and clinical 
pharmacology. As the author emphasizes in the preface, not all categories 
of drugs are included because the book is not intended to be encyclopedic. 
Thus, the author selected the following topics: anticancer agents, anti- 
biotics, adrenergic drugs, cholinergic drugs, analgesics, psychothera- 
peutics, and cardiovascular agents. Considering the objective of the htwk, 
most discussions seem to be adequate; however, in some cases extreme 
brevity leads to incomplete characterizations of important structure- 
activity relationships and mechanisms of action. 
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The experimental data in Table I1 were obtained on randomly selected 
samples of experimental tablets containing chlorthalidone with and 
without reserpine. The samples were analyzed in duplicate for chlor- 
thalidone by the HPLC method and the conventional USP procedure. 
The results from both methods are comparable. However, since the 
HPLC method is stability indicating with respect to the hydrolysis 
product, 11, this procedure is more reliable than the USP method and 
more accurately reflects the actual concentration of chlorthalidone per 
tablet dose. 
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Abstract  0 Thirteen new derivatives of 2-alkyl- and 2,2-dialkyl-N- 
benzylcyanoacetamide, a cyano analog of beclamide, were synthesized 
and tested for anticonvulsant activity. The unsubstituted compound was 
more active and more toxic than the derivatives. No activity was observed 
when the alkyl substituents in the symmetrically disubstituted deriva- 
tives contained a total of six or more carbon atoms or when benzyl was 
a substituent. The monosubstituted compounds were more toxic than 
the disubstituted compounds. 


Keyphrases 0 N-Benzylcyanoacetamides, alkyl substituted-synthe- 
sized, evaluated for anticonvulsant activity in mice Anticonvulsant 
activity-alkyl-sutistituted N-benzylcyanoacetamides evaluated in mice 
0 Structure-activity relationships-N-benzylcyanoacetamides evaluated 
for anticonvulsant activity in mice 


Although early reports (1-3) of the use of beclamide (I) 
in the treatment of grand ma1 and psychomotor seizures 
were promising, the usefulness of the agent has proved to 
be disappointing. Beclamide has the characteristic struc- 
tural arrangement of the common antiepileptics (l), as 
shown in 11. The fact that the a-carbon atom only bears a 
single substitution has been suggested as the reason for the 
variable results obtained clinically. 


Schwartz et al. (4, 5 )  reported the anticonvulsant ac- 
tivity of a number of substituted cyanoacetamides. Al- 
though several C-monoalkyl cyanoacetamides were pre- 
pared as intermediates, only the C-dialkylated products 
were tested for anticonvulsant activity. Activity against 
electroshock, sedative activity, and toxicity increased with 
increasing hydrocarbon substitution on the a-carbon atom 
up to  dipropyl, which was the most highly substituted 
compound tested (4). Also, N-methylation and N-di- 
methylation caused a significant decrease in potency, while 


I l i i l  0 


-C- N-C-C- 
II 


C,,HiCH,NHCCH,CH,C1 


I 
I1 


N-propylation and N-cyclization (pyrrolidine, piperidine, 
and morpholine) led to inactive compounds (4). 


This report describes the preparation and activity of 
several substituted N-benzylcyanoacetamides as cyano 
analogs of beclamide. The substituents were chosen to 
study the effectiveness of substituting a nitrile group for 
a chloromethyl group in beclamide and the degree of hy- 
drocarbon substitution that  would retain activity in this 
series of cyanoacetamides. 


EXPERIMENTAL’ 


%-Substituted N-Benzylcyanoacetamides (IV-XI and X W -  
These compounds were synthesized by a modification of the reported 
method (5). Compound Ill (6) (17.4 g, 0.10 mole) was added to a solution 
of potassium hydroxide (5.6 g, 0.10 mole, or 11.2 g, 0.20 mole) in form- 
amide (50-75 mi). The mixture was stirred a t  ambient temperature for 
1 hr, and the appropriate alkyl bromide (0.10 or 0.20 mole) was added. 


For the preparation of the monosubstituted compounds, the mixture 
was stirred a t  ambient temperature for 3 hr; for the disubstituted de- 
rivatives, the mixture was retluxed for 1-3 hr. Then the reaction mixture 
was poured into ice water with stirring and filtered. The residue was re- 
crystallized from the appropriate solvent (Table I)  and activated char- 
coal. 


The NMR spectra were consistent with the proposed structures. The 
NMR spectra of IV-XI showed the following common absorption peaks 
(CDC13): 6 7.15-7.25 (s, 5H or ]OH, ArH) and 4.30-4.40 (d, 2H, NCH2Ar) 
ppm. Additional absorption peaks were noted for: IV, 1.60 (s, 6H. CH:O 
ppm; and V, VII, IX, and XI, 3.30-3.35 (m, 1H, CH) ppm. Depending on 
the alkyl substituent (V-X), the absorption in the hydrocarbon region 
ranged from 6 0.70 to 2.50 ppm with a multiplet splitting pattern. Each 
spectrum integrated for the correct number of protons. For XVI, the 
NMR spectrum showed the following absorption peaks (CDC13): 8 7.20 
(s,15H, ArH), 4.20 (d, 2H, NCHZAr), and 3.20 (q,4H, CCH2Ar) ppm. 
N-Benzyl-2-benzyl-2-methylcyanoacetamide (XI1)-To a solution 


of potassium hydroxide (2.80 g, 0.05 mole) and formamide ( I0  ml) in di- 
methyl sulfoxide (30 ml) was added XI (13.2 g, 0.05 mole), and the mix- 
ture was stirred for 30 min. Potassium iodide (0.1 g) and methyl iodide 


1 Melting points were determined in open capillary tubes and are uncorrected. 
Elemental analyses were performed by Atlantic Microlab, Atlanta, Ga. NMR data 
were recorded on a Varian Associates T-60A spectrophotometer. 
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Table I-N-Benzylcyanoacetamides R, 


Recrystallization Melting Analysis, % 
Compound R1 RP Solvento Yield, % Point Formula Calc. Found 


111 
IV 


V 


VI 


VII 


VIll 


IX 


X 


XI 


XI1 


XI11 


XIV 


xv 


XVI 


H 
CHs 


CHzCH3 


CHpCH3 


C H pC H 2C Hs 


CHpCH2CHa 


CH'CHzCHzCH3 


C H Z C H ~ C H ~ C H ~  


H 


CHn 


CH2CH3 


CHzCHnCHs 


C H ~ C H Z C H ~ C H ~  


CH2CfiHs 


A 
B 


A 


A 


A 


A 


B 


A 


C 


B 


A 


A 


A 


A 


- 
39.1 


20.0 


32.1 


30.5 


7.6 


15.5 


60.8 


12.7 


29.4 


25.5 


75.6 


49.8 


76.2 


121-124O 
64-66' 


87-89' 


97-99O 


83-86O 


77-790 


70-72O 


76-79O 


123-125O 


80-83' 


99-101' 


144-145O 


128-1 30° 


141-143O 


- 
C 71.26 
H 6.98 
N 13.85 
C 71.26 
H 6.98 
N 13.85 
C 73.01 
H 7.88 
N 12.16 
C 72.19 
H 7.46 
N 12.95 
C 74.38 
H 8.58 
N 10.84 
C 73.01 
H 7.88 
N 12.16 
C 75.48 
H 9.15 
N 9.78 
C 77.25 
H 6.10 
N C 77.67 10.60 


H 6.52 
N 10.06 
C 78.05 
H 6.90 
N 9.58 
C 78.40 
H 7.24 
N 9.14 
C 78.71 
H 7.55 
N 8.74 
C 81.33 
H 6.26 
N 7.90 


- 
71.28 
6.98 


13.78 
71.35 
7.01 


13.84 
73.06 


7.92 
12.15 
72.20 
7.51 


12.82 
74.44 
8.56 


10.90 
73.05 
7.90 


12.16 
75.61 
9.21 
9.73 


77.30 
6.14 


10.57 
77.66 
6.55 
9.99 


78.02 
6.92 
9.52 


78.41 
7.25 
9.17 


78.67 
7.66 
8.68 


81.27 
6.28 
7.92 


a A = 95% ethanol, R = isopropyl ether, and C = toluene. Lit. (5) mp 123-124.5'. 


(7.10 g. 0.05 mole) were added, and the mixture was stirred at ambient 
temperature for 22 hr. The mixture was poured into ice water, and the 
water layer was decanted. The semisolid residue was washed with water, 
air dried, and recrystallized from isopropyl ether (Table I). 


The NMR spectrum was consistent with the proposed structure; NMR 
(CDC13): 6 7.20 (s, 10H, ArH), 4.30 (d, 2H, NCHZAr), 3.05 (q, 2H, 
CCHZAr), and 1.60 (s, 3H, CHs) ppm. 
N-Benzyl-2-alkyl-2-benzylcyanoacetamides (XIII-XV)-To a 


solution of sodium metal (0.89 g, 0.0387 mole) in absolute ethanol (50 ml) 
was added the appropriate monosubstituted N-benzylcyanoacetamide 
(V, VII, or IX) (0.035 mole). After heating a t  teflux for 30 min, benzyl 
chloride (4.90 g, 0.0387 mole) was added dropwise, and the mixture was 
heated at  reflux for 2 hr. After cooling, water (50 ml) was added, and the 
solution was extracted with chloroform (3 X 60 mi). The combined 


Table 11-Anticonvulsant and Toxic Effects 


MES Activity" scMet Activit Toxicity" 
Compound 0.5hr 4 h r  6 0.5hr 4 h r  


Activity and toxicity at 30,100, nr 300 mg/kg are re resented by +++, ++,or +, respectively; - denotes no activity or toxicity observelat 300 mgkg. Compounds 
VIll and X-XVI demonstrated no activity or toxicity at ?00 mgkg. b The reported 
(6) values for MES EDm. scMet EDm, and median toxic dose in the rotorod test 
are 183 (161-208) mgkg, 175 (132-233) mg/kg, and 273 (246-303) mgkg, respec- 
tively. 


chloroform extracts were dried (anhydrous magnesium sulfate) and 
concentrated in uacuo. The residue was recrystallized from 95% ethanol 
and activated charcoal (Table I). 


The NMR data agreed with the proposed structures. The NMR spectra 
exhibited the foIlowing common absorption peaks (CDCI& Q 7.20-7.25 
(s, 10H, ArH), 4.30 (d, 2H, NCHZAr), and 3.05-3.10 (q, 2H, CCHZAr) 
ppm. Absorption in the hydrocarbon region (6 0.70-2.20 ppm) exhibited 
a multiplet splitting pattern and integrated for the correct number of 
protons assigned to each structure. 


Anticonvulsant Testing-All compounds were tested for anticon- 
vulsant activity' using the Anticonvulsant Screening Project test systems 
(7). Three testa were performed in male Carworth Farms No. 1 mice: the 
maximal electroshock seizure test (MES), the subcutaneous pentylene- 
tetrazol seizure threshold test (scMet), and the rotorod test to evaluate 
neurotoxicity. 


All compounds were tested at three dose levels (30,100, and 300 mg/kg) 
a t  30 min and 4 hr after their intraperitoneal administration. Typically, 
four animals were injected with each dose, solubilized or suspended in 
30% polyethylene glycol 400, and examined 30 min later for toxicity in 
the rotorod test. Anticonvulsant activity was evaluated immediately 
thereafter by subjecting one mouse to the maximal electroshock seizure 
test and another to the subcutaneous pentylenetetrwol seizure threshold 
test. The same tests were repeated after 4 hr on the two remaining 
mice. 


Anticonvulsant activity in the maximal electroshock seizure test is 
defined as abolition of the limb tonic extensor component of the maximal 


2 Antie ileptic Dru Development Program, Epilepy Branch, National Institute 
of Neuroigical and 8ommunicative Disorders and Stroke. National Institutes of 
Health, Bethesda, MD 20014. 
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electroshock seizure elicited in mice with a 60-Hz alternating current of 
50 mamp delivered for 0.2 sec uia corneal electrodes. Activity in the 
subcutaneous pentylenetetrazol seizure threshold test is defined as failure 
to observe even a threshold seizure (a single episode of clonic spasms of 
a t  least 5 sec in duration) a t  a dose of 85 mg/kg. 


RESULTS AND DISCUSSION 


The results of the anticonvulsant activity tests (Table 11) suggest that 
the substitution of a nitrile group for a chloromethyl group in beclamide 
leads to an increase in toxicity with a retention in activity against maximal 
electroshock and pentylenetetrazol-induced seizures. Compound 111, 
having no carbon substitution, showed activity a t  a comparable or lower 
dose than beclamide (I). However, additional testing is required to de- 
termine whether the differences in potencies and toxicity are signifi- 
cant. 


Of the four monosubstituted compounds tested, V, VII, and IX ex- 
hibited weak activity against maximal electroshock and pentylenete- 
trazol-induced seizures and neurotoxicity as evaluated hy the rotorod 
test. Compound V appeared to be more toxic than VII or IX. Whether 
higher monosubstituted homologs would be active and/or toxic was not 
determined. No activity or toxicity was observed for the henzyl-suhsti- 


tuted derivative (XI). 
No activity was observed when the alkyl substituents in the symmet- 


rically disubstituted derivatives contained six or more carbon atoms. 
Unlike the monosubstituted compounds, the active disubstituted de- 
rivatives (IV and VI) exhibited no toxicity at the dose levels tested. 
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Abstract  Renzalkonium chloride, benzethonium chloride, and 
chlorhexidine gluconate were assayed quantitatively by a direct spec- 
trophotometric method with bromthymol blue buffered a t  pH 7.5. The 
method shows good results a t  concentrations of 0-300pg/ml and in the 
presence of epinephrine bitartrate, phenylephrine hydrochloride, pilo- 
carpine hydrochloride. and polyvinyl alcohol. 


Keyphrases Quaternary ammonium compounds, various-spectro- 
photometric analyses in prepared and commercial solutions Spectro- 
photometry-analyses, various quaternary ammonium compounds in 
prepared and commercial solutions Bromthymol blue-used in spec- 
trophotometric analyses of various quaternary ammonium compounds 
in prepared and commercial solutions Preservatives-various qua- 
ternary ammonium compounds, spectrophotometric analyses in prepared 
and commercial solutions 


Low concentrations of quaternary ammonium com- 
pounds such as benzalkonium chloride, benzethonium 
chloride, and chlorhexidine gluconate, which are used in 
clear ophthalmic solutions, are difficult to determine 
quantitatively and reproducibly. Most methods rely on 
complexing the quaternary ammonium compound with 
an acid dye such as methyl orange or bromphenol blue and 
extracting the complex with a chlorinated hydrocarbon 
solvent (1, 2). These methods have difficulties and inac- 
curacies arising from incomplete extraction or the emul- 
sions formed with the hydrocarbon solvent and the qua- 
ternary ammonium compound-containing solution. 


In response to the problems resulting from extraction 
of the dye complex, a direct method was developed using 
bromthymol blue buffered a t  pH 7.5; the reduction in ab- 


Table  I-Standard Curves fo r  Benzalkonium Chloride, 
Benzethonium Chloride, and  Chlorhexidine Gluconate 


Absorbance 
Concentration, Benzalkonium Benzethonium Chlorhexidine 


udml  Chloride Chloride Gluconate 
~~~~~ ~~~ ~ 


0 0.804 0.804 0.804 
100 0.593 0.659 0.667 
200 0.370 0.471 0.538 
300 0.225 0.325 0.438 


sorbance was measured at  610 nm. The method was tested 
with benzalkonium chloride, benzethonium chloride, and 
chlorhexidine gluconate. 


EXPERIMENTAL 


Apparatus-A pH meter and a spectrophotometer with I-cm cells 
were used’. 


Reagents-Benzalkonium chloride USP, benzethonium chloride USP, 
epinephrine hydrochloride USP, polyvinyl alcohol, pilocarpine hydro- 
chloride USP, phenylephrine hydrochloride USP, chlorhexidine gluco- 
nate BP, and hydroxyethylcellulose2 were used as received. All other 
chemicals were reagent grade. 


Buffer Solutions-Stock solutions of 0.05 and 0.25 M dibasic po- 
tassium phosphate and monobasic potassium phosphate were used in 
buffer preparation. A buffer of pH 7.5 was prepared by mixing either the 
0.05 M solutions together or the 0.25 M solutions together until a pH of 
7.5 was obtained. 


1 Beckrnan DU spectrophotometer. 
* T h e  250 MH grade, Hercules Inc., Wilrnington, Del. 
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Abstract 0 The protein-binding characteristics of dihydroquinidine, 
a known impurity in drug grade quinidine, in human plasma and the ef- 
fects of dihydroquinidine on quinidine interactions with these plasma 
constituents were studied by equilibrium dialysis. In the plasma con- 
centration range of 1.75-23.0 mghiter, dihydroquinidine binding was 
similar to the binding observed with quinidine. The data suggested the 
presence of a single class of binding sites for both compounds in the 
plasma drug concentration range and samples studied. The mean values 
for the association constant, K ,  and the total concentration of binding 
sites, nPt, for dihydroquinidine were 4.75 f 0.67 X 104 M-' and 5.78 & 
0.17 X M, respectively. The corresponding values for quinidine were 
4.78 f 1.00 X lo4 M-' and 5.65 f 0.48 X 10"M. In the presence of 5 and 
10% (of total alkaloid content) dihydroquinidine, the plasma concen- 
tration of unbound quinidine did not change significantly. At a 20% level 
of dihydroquinidine, however, an increase in unbound quinidine was 
observed (p < 0.05). The elevations in free quinidine concentrations were 
directly related to the level of dihydroquinidine present. The results of 
this study indicate that the interactions between dihydroquinidine and 
quinidine for binding sites on human plasma proteins are competitive. 


Keyphrases 0 Quinidine-interactions with plasma constituents, effects 
of dihydroquinidine (in binding 0 Dihydroquinidine-protein binding, 
effects on quinidine interactions with plasma constituents 0 Interac- 
tions-quinidine and dihydroquinidine in human plasma 0 Protein 
binding-quinidine and dihydroquinidine, interactions in plasma 


It is well known that by effectively retarding drug 
movement out of the vascular system, interactions of a 
drug with plasma proteins can greatly affect the drug's 
disposition behavior and pharmacological activity (1-3). 
Quinidine (I), a widely used cardiac antiarrhythmic agent, 
interacts with various protein components of human 
plasma. In its therapeutic plasma concentration range of 
2-5 pg/ml(4), approximately 80% of the drug is reportedly 
bound to plasma proteins (5-7). Many studies demon- 
strated that quinidine interacts with serum albumin (5 ,  
8-11). Nilsen and Jacobsen (12) showed that the drug 
binds to low and high density plasma lipoproteins. In ad- 
dition, Skuterud et d. (7) suggested the possible interac- 
tion of quinidine with al- and a2-serum globulins. Quini- 
dine binding to y-globulin is reportedly negligible (5). 


Although data are available on quinidine binding to 
plasma proteins, the binding properties of dihydroquini- 
dine (11, a common impurity in drug grade quinidine) to 
these plasma constituents as well as the effects of dihy- 
droquinidine on quinidine binding in the vascular com- 
partment are not known. The USP (13) presently allows 


' New York Quinine and Chemical Works, New York. N.Y. * EM Re enta, Brinkmenn Instruments, Westbury. N.Y. 
S"DDIik.7 by nuke AG. Buch SC, Switzerland. This materia1 can be purchased 


dihydroquinidine levels of up to 20% of the total alkaloidal 
content in quinidine preparations. In addition, the dis- 
position kinetics of dihydroquinidine and quinidine were 
similar after intravenous administration of quinidine 
gluconate containing relatively low levels of the impurity 
(14). 


These observations suggest that substantial quantities 
of the impurity can be present in the blood after quinidine 
administration. More important, the structural similarities 
between the two compounds suggest that dihydroquinidine 
can potentially affect the disposition and activity of 
quinidine through alterations in drug binding to plasma 
proteins. 
This paper discusses the protein-binding characteristics 


of dihydroquinidine in human plasma and the effects of 
this impurity on quinidine interactions with these plasma 
constituents. 


EXPERIMENTAL 


Materials-Quinidine base, free of dihydroquinidine, was prepared 
from quinidine sulfate USP' according to the method of Thron and 
Dirscherl (15). 


The dihydroquinidine base, which was separated from the quinidine 
base, was used after catalytic reduction of the trace levels of quinidine 
to the dihydro derivative. The hydrogenation method described by 
Heidelberger and Jacobs (16) was used for reduction. A pure sample of 
dihydroquinidine was obtained after separation on a silica gel2 chroma- 
tographic column and recrystallization with hot methanol and ether (1:l). 
This material was identical in its melting point, specific rotation in 
chloroform, NMR, IR, and fluorescence spectra, and chromatographic 
behavior in various thin-layer systems to those of a pure dihydroquinidine 
reference sample3. 


Aqueous solutions of quinidine and dihydroquinidine were prepared 
with sulfuric acid to facilitate drug solution. 


Fresh plasma4 was obtained from 12 healthy and drug-free adult vol- 
unteers after separation of the red blood cell fraction. 


Methods-The binding of quinidine and dihydroquinidine to plasma 
proteins was studied by equilibrium dialysis. The apparatus6 used con- 
sisted of 20 polytef cells, each of which was divided into two 1-ml com- 
partments (half-cells) by cellulose tubing. Plasma, 1 ml, was dialyzed 
against 1 ml of pH 7.4 Krebs-Ringer bicarbonate buffer a t  37 i 0.5O for 
3.5 hr. Preliminary investigations indicated that  the distribution equi- 
librium was reached in 3 hr and that the binding of quinidine or dihy- 
droquinidine to the dialysis membrane and/or cell surfaces was less than 
7%. 


After time for equilibration, the solutions in the buffer and plasma 
half-cells were removed and assayed for their drug content. The unbound 
drug fraction was determined by dividing the concentration of drug in 
the buffer half-cell, which contained unbound drug only, by the drug 
concentration in the corresponding plasma half-cell. 


commiicidly from this coin any 
Blood Bank, University hospitnl. Omaha, Neb. 
Dianorm equilibrium dialyzing system, Innovati-Medizin AC, CH-Esslingen, 


Switzerland. 


Calif. 
6 Spectrapor 1 membrane tubing, Spectrum Medical Instruments, Los Angeles, 
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Figure 1-Relationship between the reciprocal of the bound drug 
concentration, I/&, and the reciprocal of the free drug concentration, 
1/Df, of dihydroquinidine (@) and quinidine (0). Slope and intercept 
values were 0.36 f 0.04and 1.73 f 0.17 X lo4 M-lfor dihydroquinidine 
and 0.37 f 0.05 and 1.77 f 0.29 X lo4 M-I for quinidine, respec- 
tively. 


Dihydroquinidine binding to plasma proteins was studied with pre- 
dialysis plasma drug concentrations in the range of 9.2 X 10-3-9.2 X 
mM. These concentrations correspond to 3 3 0  mghiter of plasma. Double 
reciprocal plots (17) in the form of &. 1 were used to evaluate the binding 
data: 


1 -  1 1  1 +- 
Db nKPt Df nPt (Eq. 1) 


where Db and Df are the molar concentrations of bound and unbound 
drug, respectively; n is the number of binding sites on each protein 
molecule; K is the association constant for the drug-protein complex; 
and Pt is the total protein concentration. 


Equation 1, which assumes the existence of a single class of binding 
sites, shows that a linear graph is obtained when 1/Db is plotted as a 
function of llDf. Therefore, the binding parameters (K and nPt) can be 
obtained from the slope and 1/Db axis intercept values of the line. In this 
way, no direct knowledge of the total protein concentration is required 
for the analysis of the binding data; the product nPt reflects the total 
concentration of bindingsites in the plasma sample. 


Two types of binding experiments were performed to investigate the 
competitive influences of dihydroquinidine on the interactions of quin- 
idine with plasma proteins. In the first series, the effects of 0,5,10, and 
20% (of the total alkaloidal content) dihydroquinidine on quinidine 
binding were examined. The data were evaluated by assessing the un- 
bound quinidine fraction as a function of the total plasma drug concen- 
tration in the 1.2-23.7-mghiter range. 


To evaluate the potential for competitive binding interactions, constant 
dihydroquinidine concentrations of 2.25 X 4.5 X and 6.0 X 


M were used in the second series with predialysis plasma quinidine 
concentrations varying between 9.2 X mM. The re- 
sults were analyzed as previously reported (11, 18,19). 


Dihydroquinidine and quinidine (in the absence of the impurity) in 
buffer and plasma were assayed by the double-extraction method of 
Cramer and Isaksson (20). In the presence of the impurity, quinidine 
concentrations were determined with the previously reported TLC- 
fluorometric procedure (21). 


The data are reported as the mean f SD. Statistical evaluations were 
performed using the Student t test. 


and 9.2 X 


RESULTS AND DISCUSSION 


Dihydroquinidine Binding Studies-Figure 1 summarizes the 
binding of dihydroquinidine in human plasma when the observed drug 
concentration ranged from 1.75 to 23.0 mghiter and the bound drug 
fraction varied between 0.75 and 0.45. The linearity of this double re- 
ciprocal plot supported the assumption of a single class of binding sites 
for dihydroquinidine in the plasma drug concentration range and samples 
studied and, hence, the appropriateness of Eq. 1 to describe the binding 
data. After linear regression analysis of the data obtained for each indi- 
vidual plasma sample, the best values of K and nPt were 4.75 f 0.67 X 


20% 


10% 


5% 
0% 


f: 
1 


0.25): 


0 5 10 15 20 25 
TOTAL PLASMA QUlNlDlNE CONCENTRATION, pg/ml 


Figure 2-Effects of 0, 5, 10, and 20% (of total alkaloidal content) 
dihydroquinidine on the unbound quinidine fraction at various plasma 
quinidine concentrations. 


104 M-' and 5.78 f 0.17 X M, respectively. The corresponding values 
for quinidine were 4.78 f 1.00 X lo4 M-' and 5.65 f 0.48 X 


The binding characteristics of dihydroquinidine and quinidine in 
human plasma were virtually identical (Fig. 1). Furthermore, no differ- 
ences in the binding parameters were observed between the two drugs. 
The data suggest that both compounds interact with the same sites and 
protein fractions in plasma. Moreover, these observations suggest that 
the free plasma quinidine concentration could be elevated in the presence 
of dihydroquinidine and that the increases would be directly related to 
the levels of impurity in the initial quinidine sample (e.g., tablet or cap- 
sule). 


Competitive Binding Studies-The effects of 0,5, 10, and 20% (of 
total alkaloid content) dihydroquinidine on the interactions of quinidine 
with plasma proteins are presented in Fig. 2. Plasma quinidine concen- 
trations in the ranges of 0-4.99,5-9.99,10-14.99,15-19.99, and 20-24.99 
mghiter were graphed as 2.5, 7.5, 12.5, 17.5, and 22.5 mghiter, respec- 
tively. 


In the drug concentration range of 2-23 mghiter and in the absence 
of impurity, the free, unbound quinidine fraction varied between 0.28 
& 0.02 and 0.42 f 0.02. In the presence of 5 and 10% dihydroquinidine, 
although the unbound quinidine fraction was generally slightly greater, 


I 


M. 


3.0r 


1 I 
1 2 3 4  5 6 7  


IlOf,  M'' X lo-' 
Figure 3-Relationship between the reciprocal of the bound quinidine 
concentration, I/&,, and the reciprocal of the free quinidine concen- 
tration, lIDf, in the absence (0) and presence of 2.25 X (A), 4.5 
X 10-6 (@), and 6.0 X (0)  M of dihydroquinidine. 
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DlHYDROQUlNlDlNE CONCENTRATION, M X lo6 
Figure 4-Relationship between the slope of the indiuidual I/&, versus 
1/Dr curves in Fig. 3, obtained by linear regression analysis, and the 
corresponding dihydroquinidine concentration. See text for discus- 
sion. 


the differences were not significant. At the 20% level of the impurity, 
however, the free quinidine concentrations were increased ( p  < 0.05). 
Moreover, these increases were approximately those that would have been 
predicted assuming equivalent affinities and competitive interactions. 
For example, at a concentration of 23 mg/liter and in the absence of 
dihydroquinidine, approximately 60% of the total plasma quinidine 
concentration was present in the bound form. The presence of 20% 
dihydroquinidine produced an additional 6% (0.5 X 20% X 60%) increase 
in the free quinidine fraction (from 0.42 to 0.48). 


The results of the second series of experiments are summarized in Figs. 
3 and 4. In the presence of constant levels of dihydroquinidine of 2.25 X 


M, the quinidine fraction bound to 
plasma proteins decreased with increasing dihydroquinidine concen- 
trations. Furthermore, all double reciprocal graphs of the binding data 
for quinidine at each impurity level were shown (Fig. 3) to intercept the 
1/Db coordinate at essentially the same point (approximately 1.75 X lo4 
M-1). These observations support the conclusion that dihydroquinidine 
and quinidine interactions for human plasma protein are competitive 
(11, 18, 19). 


Additional evidence was obtained in the following manner. If the in- 
teractions of dihydroquinidine and quinidine for binding to human 
plasma proteins are competitive, the process can be described by: 


4.5 X and 6.0 X 


Rewritten in its reciprocal form, Eq. 2 becomes: 


where KQ and K H  are the affinity constants for plasma proteins of 
quinidine and dihydroquinidine, respectively; [Qb] and [Q,] are the bound 
and free plasma quinidine concentrations, respectively; is the 
maximum concentration of bound quinidine a t  saturation; and [HI is the 
plasma concentration of dihydroquinidine. 


If i t  is assumed that dihydroquinidine and quinidine have equivalent 
affinities for the plasma proteins as the data suggest, then KH = K g  and 
Eq. 3 reduces to: 


It can be seen from Eq. 4 that the slope of the line for each quinidine- 
binding curve in the presence of dihydroquinidine is a linear function of 
the competitor concentration. Therefore, a plot of 


IHI +- 
[Qbl-Kg IQbl" 


the slope of each regression line obtained by a given concentration of 


1 


dihydroquinidine, uersus [HI should be a straight line with a slope of 
1/[Qb]" and an intercept of 1/[Qb]"Kg if the interactions are competi- 
tive. 


A plot of this relationship is shown in Fig. 4; a linear relationship, in- 
dicative of competitive binding inter5ctions between dihydroquinidine 
and quinidine, was obtained. Furthermore, by using the slope (1.82 X lo4 
M - l )  and intercept (0.37) values obtained by regression analysis of this 
curve, a value of 4.92 X 104 M-' was computed for Kg, which is in ex- 
cellent agreement with the previous studies using quinidine alone ( K g  


Although the binding of quinidine and dihydroquinidine in human 
plasma might have been suspected to be similar and their interactions 
competitive because of their structural similarities, this study presents 
definitive evidence to support these conclusions. The observed com- 
petitive effects of dihydroquinidine on quinidine binding suggest that  
they are directly related to the levels of impurity in the initial quinidine 
sample. The therapeutic importance of these observations, however, is 
presently not known. A priori, it appears that  they are of little or no 
clinical significance in view of the generally low levels (<7%) of dihy- 
droquinidine in commercial quinidine preparations. 


= 4.78 f 1.00 x 104 M - 1 ) .  
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dium yielded spherical glohules (Fig. 29). Methanol, n-butanol, and n- 
hexane formed ellipsoidal globules. Globule formation seemed dependent 
on the polymer present in the mixture and on a precipitation medium 
temperature not above -24'. When these conditions were not met, co- 
alescence but not stabilization occurred. 


Release of Potassium Chloride-In the spheres containing poly- 
methyl methacrylate as the polymer and diethylene glycol dimethacrylate 
as the monomer (Samples 2-7). the methanol precipitation medium in- 
creased potassium chloride release (Fig. 3). In nonmethanol precipitation 
media, release from relatively strongly hydrophilic beads (Samples 9 and 
11) was faster than that from less hydrophilic matrixes. 


The binary monomer spheres containing polyethylene glycol 600 in 
place o f  polymer showed a release rate independent of the methyl 
methacrylale-trimethylolpropane trimethacrylate proportions (Fig. 4). 
The polyethylene glycol 600 concentration strongly aflected potassium 
chloride release (Fig. 5). Larger polyethylene glycol 600 proportions to- 
gether with 1.4-butanediol in the final polymerization step yielded 
spheres with a markedly porous internal structure (Fig. GIo) .  
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Abstract 0 Charge transfer complex formation between nucleic acid 
haaes and isoproterenol was demonstrated from UV absorption mea- 
surements. The solvent polarity effects on equilibrium constants were 
investigated. The solvent systems containing 0.1 N HCI were 20% aqueous 
ethanol, water, and water containing sodium chloride. The equilibrium 
constants, calculated from UV absorption data by the application of the 
Benesi-Hildebrand equation, were small and increased with increasing 
ionic strength. Equilibrium constant wavelength dependence was dem- 
onstrated in some cases. 


Keyphrases o Complexes, charge transfer-nucleic acid bases with 
isoproterenol, various solvents, UV absorption study Nucleic acid bases 
--charge transfer complex formation with isoproterenol, various solvents, 
UV absorption study 0 Solvents, various-charge transfer complex 
formation, nucleic acid bases with isoproterenol, UV absorption study 


Catechol forms the catecholamine aromatic nucleus and 
anchors these molecules to their receptors (1). The ad- 
renergic sites and the biogenic amine storage granules are 
known to contain adenosine triphosphate, phosphate, and 
magnesium ions (2,3).  Complex formation between these 
ions and catecholamines has been demonstrated (4, 5). 
Evidence for charge transfer complex formation between 
catechol, epinephrine, and nucleic acid bases has been 
presented (6-8). 


The present study was undertaken to trace the cate- 
cholamine action mechanism, to obtain more information 
about adrenergic receptors, and to investigate adenosine 
triphosphate-like action of some other storage granule 
nucleoside triphosphates. UV absorption was used to study 


the interactions between the nucleic acid bases and iso- 
proterenol in the following solvents containing 0.1 N HC1: 
20% aqueous ethanol, water, and water containing sodium 
chloride. 


EXPERIMENTAL 


Isoproterenol sulfate dihydratel, thymine', cytosine*, standard hy- 
drochloric acid solution2, adenine?, uracil3, and sodium chloride4 (BP) 
were the highest commercially available purity (>99?6) and were used 
without further purification. 


Solutions containing a fixed nucleic acid base concentration (0.02 M, 
except cytosine-containing solutions in 2096 alcohol, fixed a t  0.01 M) and 
different isoproterenol sulfate concentrations (0.3-0.8 M) were prepared 
by dilution from concentrated standard solutions. 


The solvents used were 2096 aqueous ethanol containing 0.1 N HCI, 
0.1 N aqueous HCI, and water solutions containing 0.1 N HCI and dif- 
ferent amounts of sodium chloride. 


All solutions were freshly prepared, and their spectra were recorded 
within 6 hr in 1-cm path length rectangular cells with stoppers. Most 
experimental work was carried out in subdued light to avoid isoproterenol 
light oxidation and a t  room temperature (20-25O). 


The spectrophotometersh were checked and calibrated with an oxide 
film6. Cell holders were thermostated to maintain the temperature a t  25'. 
The baseline was recorded before the experiments with the same solvent 
in the reference and in the sample compartments. 


1 Aldrich Chemical Co.. Milwaukee, Wis. 


3 Hopkin and Williams Chemical Co., Chadwell Heath, Essex, England 
4 Evang Medical Ltd., Liverpool, England. 
6 Perkin-Elmer model 402 and Pye Unicam model SP 800 UV-visible. 
6 Holmium 


HIIH Chemical Co., Poole. England. 
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Figure I-Absorption spectra of 0.8 M isoproterenol sulfate ( - 0 - ) , 2  
X 
M adenine (-) in aqueous solutions containing 0. I N HCI at an ionic 
strength of3.0: ti-- and - X - X -  represent the absorption spectra of 
the mixture at ionic strengths 4 3 . 5  and 4.0, respectiuely. Measurements 
were at 25 f 0 . 5 O .  


M adenine (- - ) ,and 0.8 M isoproterenol sulfate plus 2 X 


RESULTS AND DISCUSSION 


A representative nucleic acid base-isoproterenol UV absorption 
spectrum (Fig. 1) showed a shift toward longer wavelengths. The increase 
in ahsorption a t  longer wavelengths (Table I) was attributed to weakly 
bonded complex formation. 


Isoproterenol and the nucleic acid base absorption a t  the specified 
Wavelengths depended only on concentration. This result was to be ex- 
pected if  no self-association had taken place. The pH deviation (-0.8) 
from the initial working acidity, as well as changes in temperature and 
ionic strength, did not affect the pure component absorption spectra, 
further supporting the suggestion that the increased absorbance observed 
in the mixtures was due to complex formation. 


Absorbances a t  different isoproterenol concentrations were estimated 
from the difference between the mixture absorbance and a sum of the 


ahsorbances of the individual substances having concentrations identical 
to those in the mixture. The absorbances a t  different wavelengths were 
calculated from molar absorptivities. 


All UV binding interaction measurements were made a t  fixed wave- 
lengths; for each mixture examined, measurements were made a t  several 
wavelengths. The complex absorbance was measured in regions where 
the free component absorptions were small and the complex absorption 
was appreciable. The accuracy of these measurements was f O . O 1  unit of 
a bsor ha nce . 


The complex equilibrium constants were calculated by assuming 
simple complex formation: 


A + D = A D  (Eq. 1) 


and by application of the Benesi-Hildebrand equation: 


(Eq. 2) 


where K:" is the equilibrium constant; (Ao] and [DO are the initial 


absorbance and molar absorptivity of the complex, respectively, a t  the 
wavelength A. 


Equation 2 is based upon the assumption that [D] N [DO] when de- 
signing an experiment such that [Do] >> [Ao] .  


A plot of [A0] /AfD uersus l/[Do] leads to an intercept of l / c f D  and a 
slope of l/K:"cfD, whereby the molar absorptivity and the equilibrium 
constant can be calculated graphically. 


The standard free energy changes associated with various interactions, 
A G O ,  are calculated from the following well-known equation: 


AGO = -RT In K f D  (Eq. 3) 


where R is the gas constant and T is the absolute temperature. Repre- 
sentative Henesi-Hildebrand plots are presented in Fig. 2; the thermo- 


roncentrations of the reactant species; and A:" and e A D  d represent the 


4 . 6 1  A5 
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Figure 2-Plots of [&]/AfD versus I/[Do] of  isoproterenol sulfate 
containing cytosine in 20% alcoholic solutions with 0.1 N HCI. The 
cytosine total concentration, [&I, = 10-* M, and the isoproterenol total 
concentration, [Do], = 0.3-0.8 M. The AfD represents the absorbance 
of the compfex at the wauelength. Measurements were at 25 f 0.5". 
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Table I-Equilibrium Constants ( K )  a n d  Standard Free Energy 
Changes (AGO) Associated with Interactions of Nucleic Acid 
Bases with Isoproterenol Sulfate in Different Solvents Together 
with Molar Absorptivities (c) at Different Wavelengths (A)  


- 


Nucleic 
Acid K, M-I AGO, 
Base A, nm t f 0.01 kcal/mole 


Adenine 


Cytosine 


Thymine 


Uracil 


Adenine 


Cytosine 


Thymine 


Adenineb 


Cytosineb 


Adenine‘ 


CytosineC 


20% Alcoholic Solutions Containing 0.1 N HCI 


325 71.4 2.12 
330 42.3 1.77 
330 200 0.88 
335 178 0.65 
340 131 o.m .~ . .. 


310 50 1.31 
315 3 1 1.15 
310 27.2 5.10 


Aqueous Solutions Containing 0.1 N HCI 
323 89 1.70 
325 78 1.44 
340 76 1.13 
345 71 0.60 
312 100 0.59 
315 93 0.58 


Aqueous Solutioris Containin 0.1 N HCI 
at Different Ionic S t r e n z h s r  


330 
335 
340 
315 
330 
335 
340 
345 
330 


91 
78 


100 
68 
41 
23 
58 
45 


1.00 
1.60 
0.71 
0.87 
4.00 
4.70 
2.10 
2.08 


-0.44 
-0.34 


0.07 
0.25 
0.30 


-0.16 
-0.08 
-0.96 


-0.31 
-0.22 
-0.07 


0.30 
0.31 
0.32 


0.00 
-0.28 


0.20 
0.08 


-0.82 
-0.92 
-0.44 
-0.43 
-1.05 


dynamic constants and molar absorptivities are summarized in Table 
I. 


The molar absorptivities of adenine-isoproterenol and thymine-iso- 
proterenol complexes were higher in water than in water-ethanol; the 
reverse was obtained with cytosine-isoproterenol. Furthermore, the 
adenine-isoproterenol and cytosine-isoproterenol complex molar ab- 
sorptivities were ionic strength dependent. 


In general, the equilibrium constants were sensitive to changes in the 
wavelengths a t  which the measurements were taken, except for thy- 
mine-isoproterenol in water. Almost all equilibrium constants were less 
than two, except for uracil-isoproterenol in 20% alcohol. Therefore, AGO 
values were small. The equilibrium constants of adenine-isoproterenol 
and thymine-isoproterenol (Table I) decreased as the solvent was 
changed from alcoholic to aqueous, while the cytosine-isoproterenol 
complex equilibrium constants increased. 


Three- and fourfold increases in adenine-isoproterenol equilibrium 
constants at  A335 and A330 nm, respectively, were produced by increasing 
the ionic strength of aqueous solutions from 3.0 to 3.5. A sixfold increase 
could be obtained a t  A330 nm by increasing the ionic strength from 3.0 
to 4.0. The same trend was observed for cytosine-isoproterenol equilib- 
rium constants; 2.4- and threefold increases were produced by changing 
the ionic strength from 3.0 to 3.5 a t  A345 and A340 nni, respectively. 


The increase in absorbance a t  longer wavelength was attributed to 
charge transfer complex formation where the nucleic acid bases were 
assumed to act as electron acceptors with catechol or  epinephrine as 
electron donors (6-8). Similar donor and acceptor species may he hy- 
pothesized for isoproterenol-nucleic acid base complexes. 


Exact complex geometry cannot be determined from “V absorption 
measurements, but parallel stacking interactions between nucleic acid 
bases and isoproterenol can be proposed. This mechanism was suggested 
previously for a similar system (9-12). The geometry is likely to be af- 
fected by the stoichiometry (13-17), but the present results are best in- 
terpreted by a 1:l stoichiometry. 


T o  account for the decrease in adenine-isoproterenol and thymine- 
isoproterenol equilibrium constants as the solvent polarity increases 
(Table I), the complex dipole moment was assumed to be larger in the 
excited state than in the ground state, resulting in the formation of a 
highly polar complex that was more solvated than the sum of the uri- 


combined components. The reverse situation can be assumed for the 
cytosine-isoproterenol complex (18-20). 


Little work has been done on the salt effect on the equilibrium con- 
stants. The large increase in equilibrium constants assalt concentrations 
were increased (Table I) can be explained by assuming ion-pair formation 
between the chloride ions and the protonated centers around the inter- 
acting molecules, resulting in an electrostatic repulsion decrease. Other 
weaker forces seem to dominate the repulsive forces. The same expla- 
nation accounted for the decrease in the equilibrium constants (21-25). 
Borazan (13, 17) showed that the equilibrium constants of nucleoside 
self-association and aqueous complex formation are similar to those 
obtained a t  higher salt concentrations. 


The equilibrium constant wavelength dependence (Table I) could 
indicate the formation of more than one complex type; the wavelength 
independence was explained as due to the formation of one complex type 
in solution (26). 
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BOOKS 


REVIEWS 


Psychopharmacology: From Theory To Practice. Edited by JACK 
D. BARCHAS, PHILIP A. BERGER, ROLAND D. CIARANELLO, 
and GLEN R. ELLIOTT. Oxford University Press, 200 Madison Ave., 
New York, NY 10016. 1977. xxiii + 557 pp. 15 X 23 cm. Price $17.95 
cloth, $10.95 paper. 
Although the treatment of mental and emotional diseases still leaves 


much to be desired, some of the most dramatic accomplishments have 
occurred in the area of pharmacotherapy. A quarter of a century has 
elapsed since the introduction of the new psychotropic drugs. During this 
generation of progress, the number of patients in mental hospitals has 
steadily decreased by about 360,000 from 559,000 in 1955 to the current 
estimate of less than 200,000. Attitudes have also changed toward mental 
and emotional disorders, with the recognition that these disorders are 
treatable and affect people of all ages. The economic cost of mental illness 
to this nation is estimated at more than $50 billion annually. 


This book discusses recent developments in the study of neuro- 
transmitters and neuromodulators (neuroregulators) and evidence in- 
dicating that behavioral events alter neurochemical function and that 
altered neurochemical function also can change behavior. Its central 
theme is the importance of neuroregulators and how they are affected 
by drugs. Thus, the interrelationships of drugs, neuroregulators, and 
behavior become the essence of psychopharmacology. 


The text is fundamentally concerned with “the major psychiatric 
disorders and the manner in which the science of pharmacology may be 
applied, either immediately or ultimately, to their amelioration.” The 
authors attempt to integrate the basic science and clinical aspects of 
psychopharmacology for those who will be responsible for the treatment 
of psychiatric patients. The scientific principles behind psychophar- 
macology are explained first, and then their relevance to the use of psy- 
chotropic drugs in good patient care is demonstrated. The text does not 
delve deeply into patient management, provide detailed descriptions of 
drug classes, summarize drug efficacy studies, or review classifications 
of psychiatric illnesses. Its coverage of pharmacotherapy is not very de- 
tailed. 


“Psychopharmacology” is divided into five parts. Part I reviews, very 
nicely, the basic fields of study in psychopharmacology dealing with 
biochemical information on neuroregulators and the presumed mecha- 
nism of action of psychotropic drugs. Part I also includes chapters on the 
psychological and sociological aspects of psychopharmacology. P a r t l l  
describes disorders that affect most patients who require psychiatric care, 
while Part  111 deals with drug abuse. Part  IV discusses the pharma- 
cotherapy of the young and the elderly, and Part V discusses specific 
topics important to psychopharmacology such as the use of placebos, the 
psychiatric effects of nonpsychiatric drugs, and the relationship of psy- 
chotherapy and pharmacotherapy. 


The authors tried to make the treatment sections as practical as pos- 
sible, providing informatidn on normal dose ranges and side effects. They 
caution physicians that “the act of prescribing requires knowledge, care 


and clinical judgment,” but omit a warning about individual human 
variability. 


This book was written by 27 contributors, mostly physicians from 
Stanford University and the Palo Alto Veterans Administration Hospital, 
who have drawn upon their cumulative research and clinical experience 
to provide a useful guide, from theory to practice, of the major psychiatric 
disorders in the “new territory of psychopharmacology.” I t  provides a 
knowledge base in psychopharmacology that will permit its readers to 
be informed practitioners and enable them to evaluate new information 
as it becomes available. Although “Psychopharmacology” is not a com- 
prehensive survey of the generation of progress in this field, i t  is a good 
book and should be useful to clinicians, pharmacists, researchers, 
teachers, and students alike. Those interested in neuroregulators and 
their relation to behavioral disorders should buy a copy. 


Reviewed by George J. Cosmides 
National Institutes of Health 
Bethesda, MD 20014 


Drugs. How They Act and Why. By ALEX GRINGAUZ. C. V. Mosby, 
11830 Westline Industrial Drive, St. Louis, MO 63141. 1978.344 pp. 
18 X 26 cm. Price $14.95. 
This book is intended to serve as an aid to continuing education of 


pharmacists and other health professionals, particularly those who 
completed their formal academic training several years ago, before the 
advent of modern medicinal chemistry and molecular pharmacology. 
Accordingly, the level of presentation is elementary, and the discussions 
should be easily understood by the reader who has only minimal recol- 
lection of undergraduate biochemistry and medicinal chemistry. 


The first chapter is a general introduction of some fundamentals of 
biochemistry. Chapters 2-4 consist of a review of some important char- 
acteristics of drug action, with emphasis on physicochemical principles, 
e.g., factors affecting bioactivity, theories of drug action, selective toxicity, 
drug-receptor interactions, some stereochemistry and topography, some 
enzymology, antimetabolites, and chelation. 


Thereafter, the book discusses some major classes of medicinal agents 
from the standpoint of biochemical mechanisms of action and clinical 
pharmacology. As the author emphasizes in the preface, not all categories 
of drugs are included because the book is not intended to be encyclopedic. 
Thus, the author selected the following topics: anticancer agents, anti- 
biotics, adrenergic drugs, cholinergic drugs, analgesics, psychothera- 
peutics, and cardiovascular agents. Considering the objective of the htwk, 
most discussions seem to be adequate; however, in some cases extreme 
brevity leads to incomplete characterizations of important structure- 
activity relationships and mechanisms of action. 
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The last chapter is on drug interactions, and its purpose is to survey 
mechanisms and factors involved in drug interactions. 


Finally, the book contains two appendixes: drug metabolism and in- 
activation, and drug-induced effects on laboratory diagnostic tests. 


The author succeeded in accomplishing his objective in the preparation 
of this book. Moreover, this book will prove to be beneficial not only to 
practicing pharmacists but also to other professionals who need updating 
in medicinal chemistry. 


Reviewed by Jaime N. Delgado 
College of Pharmacy 
University of Texas 
Austin, T X  78712 


Drug Fate and Metabolism: Methods and Techniques, Vol. 2. Edited 
by EDWARD R. GARRETT and JEAN L. HIRTZ. Dekker, 270 
Madison Ave., New York, NY 10016. 1978.382 pp. 14 X 23 cm. Price 
$39.50. 
This volume is the second in a series dealing with drug fate and me- 


tabolism, including such topics as spectroscopy, stereochemistry, and 
the mechanisms of drug action. Emphasis is placed on methods rather 
than on theory. The book is divided into six chapters, each of which is 
authored by scientists having expertise in a specific area of drug meth- 
odology. 


Chapter 1 emphasizes the application of voltammetric methods to drug 
analysis. Chapter 2 discusses the use of derivatization, detection, and 
metabolic transformation in GLC. The authors include an excellent lit- 
erature reference list of various drugs analyzed by GLC. Chapter 3 de- 
scribes stereochemical methodology, especially the discrimination of 
diastereoisomers and enantiomers. Chapter 4 reviews the physico- 
chemical, instrumental, and experimental features of fluorescence 
spectroscopy. Chapter 5 describes the use of nonradioactive immu- 
noassays, including viroimmunoassay and enzymoimmunoassay. Chapter 
6 discusses the isolation, separation, and assay methods for the analysis 
of glucuronic acid conjugates. 


Although the main emphasis of this book is geared toward the research 
scientist, it is a valuable supplement for students interested in toxicology, 
analytical chemistry, and pharmacology. 


Reviewed by Gerald W. A. Slywka 
School of Pharmacy 
Ferris State College 
Rig Rapids, MI  49307 


NOTICES 


Thrombosis. Animal and Clinical Models. Vol. 102 of Advances in Ex- 
perimental Medicine and Biology. Edited by H. JAMES DAY, BASIL 
A. MOLONY, EDWARD E. NISHIZAWA, and RONALD H. RYN- 
BRANDT. Plenum, 227 W. 17th St., New York, NY 10011.1978.337 
pp. 16 X 25 cm. Price $35.00. 


Prevention and Detection of Cancer. Part !I. Detection. Vol. 1. High Risk 
Markers. Detection Methods and Management. Edited by HER- 
BERT E, NIEBURGS. Dekker, 270 Madison Ave., New York, NY 
10016.1978.1299 pp. 18 X 25 cm. Price $62.50. 


Etiology, Pathophysiology, and Treatment of Acute Gastroenteritis. 
Report of the 74th Ross Conference on Pediatric Research. Ross 
Laboratories, Columbus, OH 43216.1978.125 pp. 14X 22 cm. 


Manual of Dermatologic Therapeutics With Essentials of Diagnosis, 
2nd Edition. By KENNETH A. ARNDT. Little, Brown, 34 Beacon 
St., Boston, MA 02106. 1978.377 pp. 13 X 23 cm. Price $10.95. 


Journal of Veterinary Pharmacology and Therapeutics. Vol. 1 ,  No. 1. 
Edited by ANDREW YOXALL and CHARLES SHORT. Blackwell 
Scientific Publications, Osney Mead, Oxford OXLOEL, England. 1978. 
92 pp. 16 X 25 cm. 


Drugs and the Inheritance of Behavior. A Survey of Comparative Psy- 
chopharmacogenetics. By P. L. BROADHURST. Plenum, 227 W. 17th 
St., New York, NY 10011.1978.206 pp. 15 X 23 cm. Price $19.50. 


Biosynthetic Products for Cancer Chemotherapy. Vol. 2. Ry GEORGE 
R. PETTIT and GORDON M. CRAGG. Plenum, 227 W. 17th St., New 
York, NY 10011.1978.150 pp. 14 X 23 cm. Price $35.00. 


Discovery, Development and Delivery of New Drugs. By KARL H. 
BEYER, Jr. Spectrum, 175-20 Wexford Terrace, Jamaica, NY 11432. 
1978.238 pp. 15 X 12 cm. Price $20.00. 


An Introduction to Microscopy by Means of Light, Electrons, X-Rays,  
or Ultrasound. By THEODORE GEORGE ROCHOW and EUGENE 
GEORGE ROCHOW. Plenum, 227 W. 17th St., New York, NY 10011. 
1978.367 pp. 15 X 23 cm. Price $29.50. 


Acetylcholine Synthesis in Neurons. By S .  TUCEK. Wiley, 605 Third 
Ave., New York, NY 10016. 1978.259 pp. 15 x 24 cm. Price $37.50. 


Reviews of Physiology, Riochemistry and Pharmacology. 81. (Formerly 
Ergebnisse der Physiologie, Aiologischen Chemie und Experimen- 
tellen Pharmackologie.) Edited by R. H. ADRIAN et al. Springer- 
Verlag New York Inc., 175 Fifth Ave., New York, NY 10016.1978.214 
pp. 16 X 25 cm. Price $43.00. 


Scientific Foundations of Clinical Biochemistry. Vol. I: Analytical 
Aspects. Edited by DAVID L. WILLIAMS, RONALD F. NUNN, and 
VINCENT MARKS. William Heinemann Medical Books Ltd., 23 
Bedford Square, London WCIBJHH, England. 1978.490 pp. 21 x 28 
cm. Price 25.00 Fr. 
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electroshock seizure elicited in mice with a 60-Hz alternating current of 
50 mamp delivered for 0.2 sec uia corneal electrodes. Activity in the 
subcutaneous pentylenetetrazol seizure threshold test is defined as failure 
to observe even a threshold seizure (a single episode of clonic spasms of 
a t  least 5 sec in duration) a t  a dose of 85 mg/kg. 


RESULTS AND DISCUSSION 


The results of the anticonvulsant activity tests (Table 11) suggest that 
the substitution of a nitrile group for a chloromethyl group in beclamide 
leads to an increase in toxicity with a retention in activity against maximal 
electroshock and pentylenetetrazol-induced seizures. Compound 111, 
having no carbon substitution, showed activity a t  a comparable or lower 
dose than beclamide (I). However, additional testing is required to de- 
termine whether the differences in potencies and toxicity are signifi- 
cant. 


Of the four monosubstituted compounds tested, V, VII, and IX ex- 
hibited weak activity against maximal electroshock and pentylenete- 
trazol-induced seizures and neurotoxicity as evaluated hy the rotorod 
test. Compound V appeared to be more toxic than VII or IX. Whether 
higher monosubstituted homologs would be active and/or toxic was not 
determined. No activity or toxicity was observed for the henzyl-suhsti- 


tuted derivative (XI). 
No activity was observed when the alkyl substituents in the symmet- 


rically disubstituted derivatives contained six or more carbon atoms. 
Unlike the monosubstituted compounds, the active disubstituted de- 
rivatives (IV and VI) exhibited no toxicity at the dose levels tested. 
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Abstract  Renzalkonium chloride, benzethonium chloride, and 
chlorhexidine gluconate were assayed quantitatively by a direct spec- 
trophotometric method with bromthymol blue buffered a t  pH 7.5. The 
method shows good results a t  concentrations of 0-300pg/ml and in the 
presence of epinephrine bitartrate, phenylephrine hydrochloride, pilo- 
carpine hydrochloride. and polyvinyl alcohol. 


Keyphrases Quaternary ammonium compounds, various-spectro- 
photometric analyses in prepared and commercial solutions Spectro- 
photometry-analyses, various quaternary ammonium compounds in 
prepared and commercial solutions Bromthymol blue-used in spec- 
trophotometric analyses of various quaternary ammonium compounds 
in prepared and commercial solutions Preservatives-various qua- 
ternary ammonium compounds, spectrophotometric analyses in prepared 
and commercial solutions 


Low concentrations of quaternary ammonium com- 
pounds such as benzalkonium chloride, benzethonium 
chloride, and chlorhexidine gluconate, which are used in 
clear ophthalmic solutions, are difficult to determine 
quantitatively and reproducibly. Most methods rely on 
complexing the quaternary ammonium compound with 
an acid dye such as methyl orange or bromphenol blue and 
extracting the complex with a chlorinated hydrocarbon 
solvent (1, 2). These methods have difficulties and inac- 
curacies arising from incomplete extraction or the emul- 
sions formed with the hydrocarbon solvent and the qua- 
ternary ammonium compound-containing solution. 


In response to the problems resulting from extraction 
of the dye complex, a direct method was developed using 
bromthymol blue buffered a t  pH 7.5; the reduction in ab- 


Table  I-Standard Curves fo r  Benzalkonium Chloride, 
Benzethonium Chloride, and  Chlorhexidine Gluconate 


Absorbance 
Concentration, Benzalkonium Benzethonium Chlorhexidine 


udml  Chloride Chloride Gluconate 
~~~~~ ~~~ ~ 


0 0.804 0.804 0.804 
100 0.593 0.659 0.667 
200 0.370 0.471 0.538 
300 0.225 0.325 0.438 


sorbance was measured at  610 nm. The method was tested 
with benzalkonium chloride, benzethonium chloride, and 
chlorhexidine gluconate. 


EXPERIMENTAL 


Apparatus-A pH meter and a spectrophotometer with I-cm cells 
were used’. 


Reagents-Benzalkonium chloride USP, benzethonium chloride USP, 
epinephrine hydrochloride USP, polyvinyl alcohol, pilocarpine hydro- 
chloride USP, phenylephrine hydrochloride USP, chlorhexidine gluco- 
nate BP, and hydroxyethylcellulose2 were used as received. All other 
chemicals were reagent grade. 


Buffer Solutions-Stock solutions of 0.05 and 0.25 M dibasic po- 
tassium phosphate and monobasic potassium phosphate were used in 
buffer preparation. A buffer of pH 7.5 was prepared by mixing either the 
0.05 M solutions together or the 0.25 M solutions together until a pH of 
7.5 was obtained. 


1 Beckrnan DU spectrophotometer. 
* T h e  250 MH grade, Hercules Inc., Wilrnington, Del. 


110 1 Journal of Pharmaceutical Sciences 
Vol. 68. No. 1, January 1979 


0022-354917910 100-0 1 10$0 1.001 0 
@ 1979, American Pharmaceutical Association 







Table 11-Assay of Benzalkonium Chloride with Various 
Compounds 


Benzalkonium 
Chloride 
Found, 


ComDound Present uelml 
~~ ~~ ~~ 


Control 100 
E inephrine bitartrate, 10 mg/ml 104 
Pfenylephrine hydrochloride, 100 mg/ml 105 
Pilocarpine hydrochloride 40 mg/ml 102 
Polyvinyl alcohol, 100 m g h l  102 


Dye Solutions-Bromthymol blue, 60 mg, was dissolved in 100 ml of 
ethanol. 


Hydrosyethylcellulose Solution-H ydroxyethylcellulose, 500 mg, 
was dissolved in 100 ml of water. 


Stock and Working Solutions-Stock benzalkonium chloride, 
benzethonium chloride, and chlorhexidine gluconate were prepared by 
dissolving accurately weighed amounts of the compounds in water. 
Working solutions were prepared by diluting aliquots of the stock solu- 
tions. 
Test Solutions-A test solution was made by adding I g of epinephrine 


bitartrate and diluting it to 100 ml with the 100-pglmi benzalkonium 
chloride working solution. This step was repeated using 10 g of phenyl- 
ephrine hydrochloride and 4 g of pilocarpine hydrochloride and diluting 
to 100 ml with 100-pglml benzalkonium chloride working solution. For 
a contact lens wetting solution, a commercial product containing 10 mg 
of polyvinyl alcohol/ml was used. 


Assay-In a 25-ml volumetric flask, 2.0 ml of hydroxyethylcellulose 
solution and 250 mg of sodium chloride were mixed with 5-10 ml of 0.05 
M buffer solution. Then 50-300 p g h l  of a working quaternary ammo- 
nium solution and sufficient buffer to bring the volume to 25 ml were 
added. After mixing, the absorbance was measured at 610 nm on a 
spectrophotometer. A blank was prepared in the same manner but 
without the quaternary ammonium compound, and its absorbance was 
measured. 


For the test solution, 2.0 ml of each was used. A 0.25 M buffer was 
substituted for the 0.05 M buffer when pilocarpine hydrochloride or 
epinephrine bitartrate was present since these compounds are acidic and 
a stronger buffer is needed to hold the pH a t  7.5. 


RESULTS AND DISCUSSION 


Absorbances were measured between 400 and 700 nm using a blank 


I ’  
400 600 600 700 


WAVELENGTH, nm 


Figure 1-Spectra of bromthyrnol blue (A),  brornthyrnol blue and 
benzalkoniurn chloride ( B ) ,  brornthymol blue and benzethoniurn chlo- 
ride (C), and brornthyrnol blue and chiorhexidine gluconate (0). 


Br Br 


R2 
CH(CH,), + R,NR&l I -  


I, blue color 


Br 
I 


I 
R4 


quatarnary 
ammonium 
compound 


R2 P + I  


bSO” 
green color 
Scheme i 


solution and a 300-pglml working solution of each quaternary ammonium 
compound. The maximum reductions in absorbance occurred at 610 nm 
(Fig. 1). A standard linear curve was determined between 0 and 300 pglml 
at 610 nm (Table I). 


The method was then tested with some solutions that commonly 
contain benzalkonium chloride as a preservative. A sample of contact lens 
wetting solution containing 10 mg of polyvinyl alcohol/ml and 100 pg of 
benzalkonium chloride/ml was assayed. A value of 102 gg of benzalko- 
nium chloride/ml was obtained by this method versus a value of 104 pg 
of benzalkonium chloride/ml obtained by a method using a methyl or- 
ange-benzalkonium chloride dye complex extracted with 1.2-dichloro- 
ethane (2). 


The method was tried with a lO-mg/ml epinephrine bitartrate solution, 
a lOO-mg/ml phenylephrine hydrochloride solution, and a 40-mg/ml pi- 
locarpine hydrochloride solution, each containing 100 pg of benzalkonium 
chloride/ml. The results were compared to a IOO-pg/ml benzalkonium 
chloride working solution. The results (Table 11) showed little change 
from the working solution. 


The mechanism of action is probably similar to the color change of 
bromthymol blue (I) in the presence of an acid or base (Scheme I). 


This method offers advantages in determining quaternary ammonium 
compounds when extraction difficulties arise with other spectrophoto- 
metric methods. 
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Abstract n Significant improvement in the effective bioavailability of 
methoxsalen was achieved when it was administered to rats and dogs in 
a solution as compared to a suspension. Much earlier and higher peak 
levels were observed for the solution in both animals. The possible impact 
of these observations on current use of this agent for psoriasis treatment 
is discussed. 


Keyphrases Methoxsalen-solution formulated for improved deliv- 
ery, bioavailability characteristics, rats and dogs 0 Bioavailability- 
methoxsalen, improved delivery, rats and dogs 0 Formulations-im- 
proved delivery of methoxsalen using solution form 0 Dosage forms- 
methoxsalen solution compared to suspension, bioavailability charac- 
teristics evaluated, rats and dogs 


Methoxsalen (I) is commercially available as hard 
gelatin powder capsules'. Because of the poor water solu- 
bility of this drug (l), its bioavailability was suspected to 
be rather poor. This study aimed a t  developing both a 
simple, yet sensitive, method for its analysis in blood 
samples and a drug formulation that would permit more 
rapid and effective drug absorption. Such a dosage form 
would permit more optimal exposure to a UV source and 
significantly reduce the required amount of the rather 
toxic drug substance. 


BACKGROUND 


Plants containing furocoumarins (psoralens) have been used to produce 
skin pigmentation for a t  least 3000 years (2). Modern usage of psoralens 
for repigmenting vitiligo began in the early 1950's (3-5). Methoxsalen 
(xanthotoxin) proved to be one of the most potent photosensitizers of 
this group of compounds (6,7). Over the past few years, this drug has been 
shown to be effective in the treatment of psoriasis (&lo), a chronic, in- 
tractable skin disease common in 1-3% of the world's population. 


Methoxsalen, together with longwave UV irradiation, leads to the 
formation of a thicker and denser stratum corneum and, therefore, to 
enhanced pigmentation (2,ll).  Its mechanism of action seems to be a 
photoreadion with the thymine bases of the body DNA (7,8,12). UV light 
(365 nm) induces formation of C4-cycloadducts between the 5,6-double 
bond of thymine and the 4',5'- or 3,4-double bond of methoden .  Acting 
as a bifunctional reagent, it forms interstrand cross-linkage8 between 
pyrimidine bases in opposite strands of the DNA double helix. 


Only limited information is available regarding the pharmacokinetics 
of methoxsalen and related compounds. Two studies investigated the 
elimination of radioactivity after oral (13,14) and topical (14) application 
of psoralen (13), trimethylpsoralen (13), and methoxsalen (14). Ap- 
proximately 80% of the radioactivity was excreted within 8 hr. After ap- 
plication of methoxsalen, 80% of the radioactivity appeared in the urine 
and 20% in the feces. Urine analysis showed that m e t h o d e n  was totally 
metabolized (14). Gazith and Schaefer (15) followed plasma levels of 
unchanged methoxsalen in two humans for 5 hr after oral application of 
50 mg (15). 


The reason for the very limited information on methoxsalen bio- 
pharmaceutics was the lack of sufficiently sensitive analytical methods. 
Lerman and Borkman (16) recently detected m e t h o d e n  concentrations 
of M (2.2 pglml) in intact rat lenses. Gazith and Schaefer (15) de- 
tected 0.1 rg/ml in serum using a combined TLC-GLC method. Since 
their procedure is rather complicated, i t  is not suitable for extensive in- 
vestigations. Moreover, these two methods are not sensitive enough for 
analysis of low plasma or blood levels. 


1 Oxsoralen, Paul B. Elder Co., Hamilton, Ind. 


9 


I 
In a recent study with nine patients, Steiner et al. (17) found enormous 


variations of peak plasma levels, ranging from 0.15 to 4.58 pg/ml after 
administration of commercial methoxsalen powder capsules. The time 
required to reach maximal plasma levels also differed significantly from 
patient to patient. These variations suggest great differences in the ab- 
sorption rate, probably largely caused by poor solubility. 


The present article reports results of a biophmnaceutical study on the 
furocoumarin in two oral dosage forms. Data are presented for experi- 
ments conducted on rats and dogs based on the high-pressure liquid 
chromatographic (HPLC) determination of the parent drug. 


EXPERIMENTAL 


Materials-Methylene chloride2, methanol2, 2-propano12, ethylene 
chloride3, and heptane3 were all HPLC grade. All other materials were 
reagent grade. 


Calibration Curve-Methoxsalen4, 20 mg, was dissolved in 100 ml 
of methylene chloride. This solution was twice diluted 1:10 with meth- 
ylene chloride to give a solution containing 2.0 x 10-3 mg/ml (Solution 
I). Blood sample blanks were spiked with different amounts (2.5-100.0 
pl) of a solution containing 20.0 mg of drug in lo00 ml of distilled water 
(Solution 11); after mixing with a vortex mixer for 1 min and standing for 
4 hr a t  room temperature, the spiked blood samples were essayed as de- 
scribed later. 


Methoxsalen standards prepared by further dilution of Solution I with 
methylene chloride served as a comparison. All standard solutions were 
freshly prepared before usage. 


Assay-The blood samples of rats were extracted with 2 ml of a mix- 
ture of 20% methylene chloride and 8096 heptane by agitation with a 
vortex mixer for 1 min. The blood samples of dogs were weighed and then 
extracted with 5 ml of the same mixture (20% methylene chloride and 
8096 heptane) by the same procedure. After separation by centrifugation 
with a laboratory centrifuge for 15 min, the organic layer was transferred 
into a stoppered tube with a disposable pipet2. 


The organic solvents were then evaporated under nitrogen by heating 
in a water bath (SO'), and the residue was stored in a vacuum desiccator 
for 12 hr. The residue was then redissolved in 1 ml of methylene chloride, 
containing 3.0 of griseofulvin/ml as an internal standard, by agitation 
with a vortex mixer for 30 sec. Replicate 10-pl injections were made for 
each sample using the HPLC method described later. Control blanks for 
each biological fluid were also included. 


Chromatographic Procedure-A high-pressure liquid chromato- 
graph6 equipped with a fued wavelength (254 nm) detector and recorde# 
was used. The mobile phase was 4% methanol, 20% ethylene chloride, and 
76% heptane. The degassed mobile phase was pumped through the col- 
umn' a t  a flow rate of 2 ml/min at  room temperature until a stable 
baseline was reached. Replicate 10-pl injections of samples or standard 
solutions were made with a 10-pl syringe. The column had to be flushed 
with 2-propanol for 45 min after 15-20 injections. 


Fisher Scientific Co., Fair Lawn, N.J. 
3 Burdick & Jackson Laboratories, Muskegon, Mich. ' Si ma Chemical Co., St. Louis, Mo. 


d t e r s  ALC 202 equipped with a U6K universal injector. 
Omniscribe, Houston Instrumenta, Austin, Tex. 


7 pbndapak CN, Waters Associates, Milford, Mass. 
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Figure 


54 
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\I 
-Liouid chromatorram of rat blood extracts. Kev: I .  injection 


marker; 2, salient front; 3a,800 ngof methoxsalenlml of blood;Qb, 100 
ng of methoxsalenlml of blood; 4,  internal standard, 3.0 pg of griseo- 
fulvinlml. 


During the first run of both the rat and dog experiments, samples with 
the solution resembling the methoxsalen zone (Fig. 1, peak 3) were col- 
lected after HPLC separation and investigated with TLC using silica gel 
60 F-254 plates8 (0.2 mm thick). Benzene2 was the mobile phase. After 
drying, the plates were examined with UV light. 


Rat Experiments-Male ratsg, 250-300 g, were deprived of food, but 
not water, 12 hr prior to dosing. Five groups of three rats were formed, 
and three rats per day received one of three formulations. For Formula- 
tion A, 10.0 mg of methoxsalen4 was dissolved in 2 ml of ethanol2; 100 pl 
of this solution (0.5 mg of drug) was administered into the penal dorsal 
vein. 


For Formulation B, 100.0 mg of methoxsalen4 was dissolved in 1 ml 
of 2,2,2-trichloroethano110. This solution was mixed with 4 ml of peanut 
oilII. For Formulation C, one capsule was suspended in 5 ml of distilled 
water by agitation with a vortex mixer. One hundred microliters of For- 
mulation Band 1 ml of Formulation C ,  both containing 2.0 mg of drug, 


E. Merck. Darrnstadt, West Germany. 
S rague Dawley, Madison, Wis. 


lo Aydrich Chemical Co., Milwaukee. Wis. 
I 1  Planters Manufacturing Co.. New York, N.Y. 


were administered with an oral syringe. 
A ZOO-p1 blood sample was taken by tail clipping with a graded pipet' 


after 5,10, and 30 min and 1,1.5,3,4,6, and 8 hr. The blood samples were 
assayed as already described. 


Dog Experiments-The dog experiments were designed as a 3 X 3 
crossover study with a latent time of 2 weeks between each run. Three 
beagle dogs were used: Dog A, 9 kg; Dog B, 10 kg; and Dog C, 7 kg. The 
dogs were deprived of food, but not water, 24 hr prior to and 12 hr after 
dosing. 


For Formulation D, 5.0 mg of methoxsalen4 was dissolved in 1 ml of 
ethanol' and mixed with 1 ml of 5% dextrose solution in water1*. For 
Formulation E, 100.0 mg of methoxsalen4 was dissolved in 1 ml of 
2,2,2-trichIoroethan01~~ and mixed with 4 ml of peanut oil". A hard 
gelatin capsule13, size 000, was filled with 1 ml of this solution (20.0 mg 
of drug). Formulation F was two capsules' containing a total of 20 mg of 
drug. 


Formulation D was administered intravenously. Formulations E and 
F were administered orally with 100 ml of water. Blood samples of 1.0-1.5 
ml were drawn before dosing and after 10,20,40, and 90 min and 3,6,12, 
and 25 hr and assayed as already described. 


RESULTS AND DISCUSSION 


Analysis of trace substances in a biological system is often limited by 
method sensitivity. In previous studies on methoxsalen in biological 
systems, a fluorometric (15) or a combined TLC-GLC (14) method was 
used. Neither method was sensitive enough for analysis of low plasma 
or blood levels. 


In the present work, HPLC was used. Figure 1 shows the chromatogram 
of spiked rat blood samples. The method allows the detection of 10 ng 
of methoxsalen/ml of blood. Thus, it is 10 times more sensitive than the 
method of Gazith and Schaefer (15) and 100 times more sensitive than 
the method of Lerman and Borkman (16). The sensitivity of this HPLC 
method can he extended by increasing the volume injected into the liquid 
chromatograph and the amount of serum taken for extraction. 


The specificity of the HPLC separation was tested by further inves- 
tigation of the methoxsalen fraction (peak 3, Fig. 1) with TLC. TLC using 
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Figure 2-Blood levels in rats after intravenous administration of 0.5 
mg of methoxsalen (Formulation A). Key:  0, Rat 1A; 0, Rat 2A; A, Rat 
3A; and V, Rat 4A. 
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Figure 3-Blood levels in rats after oral administration of 2.0 mg of 
methoxsalen in a trichloroethanoi-peanut oil formulation (Formuiation 
B). Key: 0, Rat 1B; 0,  Rat 28; A, Rat 38; V. Rat 4B; and 0, Rat 5B.  


l2 Abbott Laboratories, North Chica o 111 
l3  Eli Lilly and Co., Indianapolis, In$ ' 
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Table 11-Bioavailability [(pg min)/ml] of Methoxsalen in Dogs 
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Figure 4-Blood levels i n  rats after oral administration of 2.0 mg of 
methoxsalen as a suspension of a commercial capsule formulation 
(Formulation C). Key: 0,  Rat IC; 0, Rat 2C; 0, Rut 3C; A, Rat 4C;and 
V. Rat 5C. 


HOURS 


Figure 5-Blood levels of methoxsalen i n  Dog A .  Key: 0, intravenous 
administration (5.0 me), Formulation D; 0, oral administration (20.0 
mg), Formulation E; and 0 ,  oral administration (20.0 mg), Formulation 
F. 


the mobile phase from HPLC resulted in only one spot with the same R f  
value as methoxsalen. 


The assay presented is uncomplicated. A single extraction led to a re- 
producible 96% recovery of drug from blood samples. A second extraction 
yielded an additional 4%. 


Because of the good reproducibility, only one extraction is required 
for routine analysis. The chromatogram is characterized by short re- 
tention times. With a flow rate of 2 ml/min, the methoxsalen peak ap- 
peared after 3 min; griseofulvin, the internal standard, appeared after 
4 min 15 sec. Thus, total assay time is less than 5 min for each sample. 


The blood level data (Figs. 2-7) are characterized by broad individual 
variations. Nevertheless, the oral liquid formulations (Formulations B 
and E) generally gave higher blood levels (Figs. 3 and 5-7) and better 
bioavailability (area under the concentration-time curve) (Tables I and 
11) than the powder formulations (Formulations C and F) (Figs. 4-7), 
which were administered as suspensions to the rats and as intact capsules 
to the dogs. Exceptions to these findings were Rat 2C and Dog C (Tables 
I and 11) in whom the powder formulations were equivalent in bioavail- 
ability to the oral liquid formulations. 


The intravenous data suggest that  methoxsalen pharmacokinetics 
follow a two-compartment model with a rapid a-phase, significant for 
only 10 min in rats and for about 30 min in dogs. The intravenous bio- 
availability data (Tables I and 11) calculated from the concentration-time 
curves were, however, unexpectedly low in comparison to the oral for- 
mulations. Since the intravenous dose was one-fourth of the oral doses, 
the expected bioavailability should be a t  least one-fourth of the oral 
bioavailability. 


With two exceptions (Rat 1A and Dog B), the bioavailability of several 
oral formulations was significantly higher than four times the intravenous 
bioavailability. There may be two reasons for this finding. Either 


Table I-Bioavailability [ (pg min/ml)/kg] of Methoxsalen in 
Rats 


~~ 


Formulation Formulation Formulation 
Rat A Rat B Rat C 


1A 75 1B 238 1c 42 
2A 34 2B 249 2 c  238 
3A 28 3B 171 3 c  66 
4A 38 4B 260 4 c  78 


5B 20 1 5c 54 


A 38 382 252 
B 64 183 93 
C 51 257 239 


methoxsalen does not show linear pharmacokinetics or the drug precip- 
itates after intravenous administration due to its poor water solubility 
and then is redissolved very slowly over a long period with blood levels 
below the detection limit. Occasional inflammation a t  the injection site 
of the rats may support the latter hypothesis. The smaller dose was used 
to limit the injection volume because of separate effects of the vehicle. 


In the blood level curves of rats, a second peak, or a t  least a shoulder, 
was observed about 4 hr after application of most oral formulations (Figs. 
3 and 4). I t  may possibly be caused by analytical errors, by variations in 
the absorption rate, or by enterohepatic recycling. Analytical errors ere 
unlikely, however, because the rat experiments and the assay procedures 
were carried out on different days. The occurrence of enterohepatic re- 
cycling seems questionable since no second peaks are observable after 
intravenous administration. Enterohepatic recycling would have to be 
determined by analysis of unchanged drug and metabolites after bile 
cannulation. 


Comparison of the bioavailabilities, measured by the area under the 
concentration-time curves, is of only limited value if nonlinear phar- 
macokinetics exist because the area under the curve is then not only de- 
pendent on the drug formulation but to a great extent also dosage de- 
pendent. For the therapeutic use of methoxsalen, bioavailability is of 
limited relevance because it is used as a “hit-and-run” (18) drug. The 
desired photoreaction of this drug occurs only if the patient is exposed 
to UV irradiation. Therefore, the effectiveness of the drug is dependent 
on the drug concentration in the epidermis. For this reason, blood levels 
shortly before or a t  the time of irradiation are of main interest. To avoid 
a prolonged photosensitivity of the patient (8), prolonged absorption is 
not desirable. 


The UV treatment (irradiation time of about 10 min) is normally 
carried out 2 hr after drug administration. Gazith and Schaefer (15) re- 
ported maximal serum methoxsalen levels 1.5 hr  after administration 
(drug formulation not specified). In the present study, maximal blood 
levels were observed in rats 2-4 hr and in dogs 3 hr after administration 
of the oral powder formulations (C and F). After administration of the 
oral liquid formulations (B  and E), the time for the appearance of the 
maximal blood levels was reduced in both rats (1.5-2 hr) and dogs (20-90 
min). In addition, the maximal blood levels in both species were increased 
significantly (2p < 0.05 according to the Student t-test) relative to the 
powder formulations. Therefore, the oral liquid formulations considerably 
enhanced the absorption rate and the maximal blood levels. 
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Figure 6-Blood levels of  methoxsalen i n  Dog B. Key: see Fig. 5. 
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Figure 7-Btood leuels of methoxsalen in Dog C. Key: see Fig. 5. 
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Abstract o A rapid and specific high-pressure liquid chromatographic 
(HPLC) assay was developed for the simultaneous determination of 
amoxicillin and its penicilloic acid metabolite in urine. The two com- 
pounds, assayed directly in urine or after dilution with water-methanol 
(85:15), are separated by reversed-phase chromatography and quanti- 
tated spectrofluorometrically following postcolumn derivatization with 
fluorescamine. Linear calibration curves were measured in the ranges 
of 25-250 and 5MOO ng injected for amoxicillin and the penicilloic acid 
metabolite, respectively. The sensitivity limit of the aasay is 2.5-5.0 pglml 
of urine for amoxicillin and the penicilloic acid metabolite. Urine samples 
(0-8 hr) taken from six subjects following single 250-mg PO doses and 
assayed by HPLC showed ranges of cumulative percent of the dose ex- 
creted as amoxicillin and the penicilloic acid metabolite (reported as 
amoxicillin equivalents) of 50.2-68.0 and 21.6-30.096, respectively. An 
excellent correlation ( r  = 0.985) was demonstrated for the measurement 
of amoxicillin concentrations by the HPLC and microbiological as- 
says. 


Keyphrases o Amoxicillin-high-pressure liquid chromatographic 
determination in urine 0 Antibacterials-amoxicillin and penicilloic acid 
metabolite, high-pressure liquid chromatographic determination in urine 
0 High-pressure liquid chromatography-analysis, amoxicillin and 
penicilloic acid metabolite in urine 


Amoxicillin’ (I) [D-(-)-a-amino-p-hydroxybenzyl- 
penicillin trihydrate], synthesized from 6-aminopenicil- 
lanic acid, is an orally absorbed, acid-stable, semisynthetic, 
broad-spectrum antimicrobial agent (1-3). Studies on its 
biotransformation demonstrate that it is excreted in urine 
intact and as the penicilloic acid of amoxicillin (11) [6-D- 
(-)-a-amino-p-hydroxyphenylpenicilloic acid] (4,5). 


BACKGROUND 


Routine determinations of I in biological fluids are usually performed 
by microbiological assay using one of a variety of sensitive bacterial strains 


Larotid, Hoffmann-La Roche Inc.. Nutley. NJ 071 10. 


I 


I1 
(6). Since the metabolic cleavage of the @-lactam ring to I1 inactivates this 
compound toward microbiological activity, the microbiological assays 
are specific for I in the presence of 11. The analysis of I1 has been reported 
using a separate aliquot of the sample by iodometric titration (7) and by 
TLC, followed by formation of an ammonium-molybdate complex and 
spectrophotometry (5). 


Spectrofluorometric methods are capable of measuring ampicillin 
(8-10) and amoxicillin (11-14) in serum, plasma, or urine following 
therapeutic doses. The spectrofluorometric assays are based on the for- 
mation of strongly fluorescent products by heating either in the presence 
of formaldehyde (8, 11-13) or uranylacetate in acid solution (10) or a t  
room temperature in the presence of mercuric chloride in neutral solution 
(9, 14). Jusko (8) postulated that the fluorescent product formed is a 
3,6-disubstituted diketopiperazine and demonstrated that ampicillin 
levels measured by the spectrofluorometric assay were appreciably higher 
than those measured in identical samples by a microbiological assay. This 
result was attributed to the formation of the identical fluorophore by both 
the penicilloic acid and the penicillin. 


Thus, the spectrofluorometric methods described using formaldehyde 
(8,ll-13) or uranylacetate (10) are “total” assays, which measure the sum 
of the penicillin and penicilloic acid. The spectrofluorometric methods 
using mercuric chloride described for ampicillin (9) and amoxicillin (14) 
differ from the other methods employing formaldehyde (8.11-13) in that 
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In Vitro and In Vivo 
Availability of Hydrophilized Phenytoin from Capsules 
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Abstract  o The effect of phenytoin hydrophilization on the liquid 
penetration rate into prepared plugs, on the disintegration time, on the 
in uitro release rate, and on in o i t ~ ~  absorption i n  humans was studied. 
Hydrophilization was performed by intensive mixing of the hydrophobic 
drug with a small amount of methylcellulose solution. Liquid penetration 
into the treated plugs was independent of the liquid wetting potency and 
extremely high compared to the pure drug plugs. Analogous results were 
olmined for the disintegration time and in tiitro release rates from cap- 
sules loaded with pure and treated drug. A bioavailability study in seven 
healthy volunteers showed immediate absorption of the treated drug but 
a 1-hr  absorption lag time lor the pure drug. 


Keyphrascs 0 l'henytoin, hydrophilized-in t l i t ro and in titlo avail- 
ability from capsules 0 Hioavailability-hydrophilized phenytoin, 
capsule !ormulation, in citro release rates 0 Anticonvulsants-pheny- 
toin, effect of hydrophilization, in iiitrn and in uitw availability 


When a disintegratable tablet or capsule is administered 
orally to humans, gastric fluid must penetrate the porous 
mass before disintegration and absorption can occur. Any 
factor influencing the penetration rate may influence the 
absorption rate. 


The liquid penetration rate into a porous mass is given 
by the Washburn (1) equation: 


dl - niy cos 0 
d t  2ln (Eq. 1) 


where 1 is the penetrated length a t  time t ,  m is the hy- 
draulic pore radius, y is the penetrating liquid surface 
tension, 0 is the contact angle between solid and liquid, and 
q is the liquid viscosity. The penetration rate is strongly 
dependent on the solid contact angle. 


In earlier studies on pharmaceutical powder wettability 
(2 ,3) ,  reported contact angles varied from 0' for dicalcium 
phosphate dihydrate up to 125O for chloramphenicol pal- 
mitate. Recently (4), the effect on the capsule release rate 
of surface hydrophilic binder distribution over a hydro- 
phobic drug was studied. The  increased hydrophilized 
hexobarbital release rate was independent of the dissolu- 
tion medium wetting potency, in contrast to the untreated 
drug. 


The purpose of this investigation was to examine the 
penetration rate effect on the in uitro and in uiuo avail- 
ability of poorly soluble, hydrophobic drugs from capsules. 
Phenytoin was selected as a prototype drug, exhibiting a 
contact angle of 102". Phenytoin bioavailability is im- 
portant because of the closeness of the therapeutic and 
toxic levels. Marked bioavailability differences between 
different products have been reported (5-9). 


EXPERIMENTAL 
Materials-Phenytoin' was NF grade. The mean particle size, based 


on air permeability measurement', was 5 jm. Methylcellulose'3, poly- 


I I'arke.I)avis. Mijdrecht. T h e  Netherlands. 
Model 95. Fisher Scientilic (!I)., Pittsburgh, 1'0. 
Celacol M2U, Rritish C'elanese I.td.. Ilerhy. England. 


sort)ate4, fi-glucuronidase5 (purified lyophilized powder, 5 X 106 units&, 
5-(p-methylphenyl)-5-phenylhydantoinfi, and 5-(p-hydroxyphenyl)- 
5-phenylhydantoin6 were used as received. Trimethylanilinium hy- 
droxide7 was used as a 0.1 M solution in methanol, and tetramethylam- 
monium hydroxideH was used as a 259b solution in water. 


All solvents and other chemicals were analytical grade, except n- 
heptane which was spectrophotometric gradeg. The methylene chloride 
used as a mobile phase component in the high-pressure liquid chroma- 
tographic (HPI,Cj procedure was freshly distilled and 50% saturated with 
water before use. 


Methods-Treatment of Drufi-Methylcellulose dispersion over the 
phenytoin surface was carried out in a small high-speed mixer? The drug 
('LO gj was placed in the mixer, 6 ml of a 3 %  aqueous hinder solution was 
added, and the mixer was run for 6 min a t  -9000 rpm. The mixing was 
interrupted every 0.5 min to mix, with a spatula, material from dead spots 
in the mixer. The material was dried in a tray drier a t  40° for 1 hr and 


n 


plunger 


d ie  


I I 


Figure 1-Die and p1ungt.r usscnibly for the plug preparation 


Tween 80, Atlos Chemie, Essen, West (;ermany. 
Sigma, St. Louis, Mo. 


B.D.H.,  Puakstoone, England. 
A Aldrich Europe, Heerse. Belgium. 
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T r e o t e d  phenyfom in a l l  
conc. Poiysorbote 80  
/ 
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porous disc 


+ d w a t e r  racket 


Figure 2-Thermostated apparatus for measuring unidimensional 
liquid penetration into the plugs. 


screened through an 80-pm sieve. Treated drug particle-size determi- 
nation (measured value of 6 pm) and electron micrographs of the un- 
treated and treated powder showed that no milling and hardly any 
granulation had occurred during preparation. 


Wettability-Pure and hydrophilized phenytoin wettability was 
characterized by contact angle determination as described previously 
(4). 


Plug Preparation-Most commercial capsules are filled by com- 
pressing the powder and loading it into the capsule body. T o  reproduce 
this process, the pure and treated drugs were compressed with a 120 f 
5 N force to 300-mg plugs (1.8-cm length X 0.6-cm diameter) using a 
special die and plunger assembly (Fig. 1). The plunger was connected to 
a load cell for compression force registration. 


Capsule Filling-Prepared plugs were manually loaded into No. 1 hard 
gelatin capsulesll for the disintegration measurements, the in uitro re- 
lease studies, and the in oiuo availability studies. 


Liquid Penetration-The unidimensional liquid penetration rate into 
the phenytoin plugs was measured by placing the plug on a modified 
thermostated apparatus glass filter plate (Fig. 2) (10). The liquid uptake 
rate was read from the graduated pipet. The penetrations were carried 
out a t  37 f 0.Zo with distilled water or water to which different amounts 
of polysorbate had been added. 


The all-side liquid penetration was measured a t  room temperature by 
registration of the phenytoin plug weight increase during penetration. 
The powder plug was placed in a small glass cylinder with a porous bot- 
tom and a gauze cover to prevent floating (Fig. 3). The whole was im- 
mersed in the penetrating liquid and connected to an electronic balance'* 
with automatic recording. Unidimensional penetration measurements 
were made four times and averaged. All-side penetrations were so re- 


bolonce 


r v  recorder 


gauze 


compact of the 
powder 


porous d i s c  


l i q u i d  


Faure 3-Schematic diagram of the setup fur measuring all-side liquid 
penetration into the plugs. 


11 Snap-fit, Capsugel AC. Basel. Switzerland. 
12 PR 1200. Mettler, Creifensee-Zurich, Switzerland. 
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Figure 4-Unidimensional liquid penetration profiles as a function 
of the polysorbate concentration. Key: 8, X, V, 0, and A, penetration 
ofwaterandO.Z,0.2,0.5,and I.Oc; polysorbateinto plugsofuntreated 
phenytoin, respectively; and 0, penetration of all concentrations of 
polysorbate into plugs of treated phenytoin. 


producible that  they were performed in duplicate only. No significant 
difference in experimental results was found when the penetrating liquid 
was presaturated with phenytoin. 


Disintegration-The capsule disintegration time was determined 
according to the BP 1973. Measurements were carried out without disks 
a t  37 f 0.5' in water with different polysorbate concentrations. Disin- 
tegration measurements were made eight times and averaged. 


Dissolution and  Solubility-A water-jacketed 1-liter beaker con- 
taining the dissolution medium (900 ml) was maintained a t  37 f 0.5'. 
The dissolution medium consisted of water with different polysorbate 
concentrations (pH < 5.5). The capsule was held in a stainless steel wire 
spiral located centrally 2 cm above the beaker bottom. Stirring was with 
a 5-cm diameter straight four-bladed impeller, rotated a t  60 f 1 rpm 3.5 
crn above the capsule (11). 


Samples were taken a t  convenient time intervals through membrane 
filters (0.8-pm pore diameter) and analyzed by a modified UV spectro- 
photometric method (12). T o  a 4.0-ml sample (first diluted, if necessary, 
with water or the test medium) in a glass-stoppered 25-ml test tube were 
added 0.5 g of potassium permanganate and 8 ml of 8 N NaOH. After 


WOler 
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Figure 5-All-side liquid penetration profiles into plugs of treated and 
untreated phenytoin as function of the polysorbate concentration. Key: 
-, untreated phenytoin; and - ~ -, treated phenytoin. 
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Figure 6-Untreated and treated phenytoin capsule disintegration 
time as a function of the polysorbate concentration. Key: 0 and 0, 
untreated and treated phenytoin, respectiuely; and I ,  standard deuia- 
tion. 
heing shaken for several minutes, the tubes were immersed in an 80' 
water bath for 30 min. The samples were allowed to cool to room tem- 
perature, and 5.0 ml of n-heptane was added. The mixture was shaken 
for an additional 15 min; after separation of the two layers, the heptane 
layer absorbance was rneasuredl3 a t  247 nm against a suitable blank. 


Calibration curves showed that Beer's law was obeyed with slopes of 
0.017,0.026, and 0.057 for water and 0.1 and 0.25% polysorbate, respec- 
tively. The correlation coefficients were a t  least 0.999. Each dissolution 
profile is the average of three to six determinations. The ranges are in- 
dicated in the graphs. 


The saturated phenytoin solubility in the different solutions was de- 
termined by placing excess solute (about 300 mg) in glass vials filled with 
each test medium. The vials were closed and rotated a t  25 f 1 rpm in a 


loo] 


I l l I l l l I l l l  
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MINUTES 


Figure 7-Treated and untreated phenytoin capsule release proliles 
as a function of the poiysorbate concentration. Open symbols are for 
untreated phenytoin, and solid symbols are for treated drug. Key: 0 ,  
0"i po/ysorbale 80 ( 7 ~ ~ 0  = 70.1 dyneslcm); V, 0. I "i polysorbate 80 (39.9 
dyneslcm); 0,0.2!'i, polysorbute 80 (38.9 dyneslcm); A ,  0.5% polysor- 
hate 80 (27.8 dyneslcm); 0, 1.W; polysorbate 80 (37.7 dyneslcm); *, 
polysorbate solutions ioith 0-0.2'i. polysorbate 80; A, polysorbate so- 
lution ioith 0.5"; polysorbate 80; 0 ,  polysorbate solutions with 1.0C; 
polysorbate 80; and I,  intercapsule uariation. 


~ ~~ - ~~ 


'I Model 25 UV spectrophotometer, Heckman Instruments Co , Fullerton, 
Calif 
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Figure 8-Phenytoin solubility as a function of the polysorbate con- 
centration (I = standard deuiation). 


water bath a t  37 f 0.5' until no increase in the amount dissolved could 
be measured. Samples were taken a t  convenient time intervals through 
membrane filters and analyzed as described for the dissolution study. 


For the dissolution and solubility studies, all glass syringes, pipets, and 
the filter apparatus were prewarmed to prevent drug precipitation. 


Absorption-Absorption studies were carried out with nine healthy 
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Figure 9-Plasma phenytoin concentration-time curues following oral 
administration of capsules loaded with 300-rng plugs of treated and 
untreated drug. Key: 0 and 0, treated and untreated phenytoin, re- 
spectiuely; and T, standard deuiation. 
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Fmre 10-Plnsma phenytoin concentration-time curves following oral 
administration of a capsule loaded with a plug of 300 mg of treated drug 
and of a suspension of 300 mg of phenytoin in water. Key: 0, capsule; 
and 0, suspension. 


volunteers (66-87 kg, 21-28 years of age). Seven subjects received one 
capsule (300 mg) of pure phenytoin or one capsule of hydrophilized 
phenytoin. The two administrations were a t  least 2 weeks apart. The 
capsules were taken with 200 ml of water after an overnight fast, and no 
food was allowed for 4 hr after administration. Two subjects received one 
capsule with 300 mg of hydrophilized phenytoin; 2 weeks later, they re- 
ceived 300 mg of phenytoin dispersed in water. 


Blood enmples (8 ml) were taken from a forearm vein at 10,40,60, and 
90 min and 2,3,4,5,6,8,12, 24, 30, and 48 hr. The heparinized blood 
samples were centrifuged, and the plasma was stored in a refrigerator 
until analyzed. Urine was collected a t  (convenient) time intervals over 
48 hr. Volumes were recorded, and samples were refrigerated until as- 
sayed. 


The plasma phenytoin levels were measured by HPLC14 according to 
a method developed for carbamazepine (13). The column was 15 cm X 
3 mm (i.d.) stainless steel, packed by a balanced-density slurry technique 
(14) with 5-pm porous particle silicic acid16. The solvent system was 5% 
tetrahydrofuran in methylene chloride. The flow rate was 1.2 ml/min, 
and the pressure required was -10 MPa (1500 psi). Nitrazepam was the 
internal standard. The absorbancel'j was measured a t  254 nm. The mean 
recovery from plasma was 95% with a relative standard deviation of f2.5% 
(n = 32). The relative standard deviation of the calibration graph data 
down to 0.4-pg of phenytoin/ml of plasma did not exceed f3% (n  = 7). 
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Figure 11-Plasma phenytotn concentration-trme curves and cumu- 
lattue renal excretcon of the total amount o/ 5-(p-hydroxyphenyl)-5- 
phenylhydantoin followtng oral administratron of 300-mg treated and 
untreated phenytotn capsules Key 0 and  A, pfasma and  unne  after 
the treated drug, respecttvely, and 0 and A, plasma and unne after the 
untreated drug, respecttoety 


I' Model M-6000 B, Waters Associates, Milford, Mass. 
I b  Partiail. Chrornpack, Middelburg. The Netherlands. 
Is Model 440, Waters Associates, Milford, Mass. 


5-(p-Hydroxyphenyl)-5-phenylhydantoin and its conjugate, the main 
phenytoin metabolite in humans (15, 16), were assayed in the urine by 
a modified CLC method (17). To 1.0 ml of urine were added 0.5 ml of 
0.066 M phosphate buffer (pH 6.9) and 250 units of 8-glucuronidase. The 
samples were incubated for 15 hr a t  37'. To the hydrolyzed samples were 
added 100 pl of an internal standard solution [50 pg/ml of 5-(p-methyl- 
phenyl)-5-phenylhydantoin in 0.01 N NaOH] and 1 ml of 3 M phosphate 
buffer (pH 4.5). After extraction with 8 ml of ether for 15 min and cen- 
trifugation, 7 ml of the organic phase was transferred to another test tube. 
Then 40 pl of 0.1 M trimethylanilinium hydroxide dissolved in methanol 
and 40 pl of 0.54 M tetramethylammonium hydroxide dissolved in water 
were added, and the tube was shaken for 10 min. 


After centrifugation, 1 pl of the lower phase was injected into a gas 
chr~matographl~ equipped with a flame-ionization detector. The coiled 
glass tubing column, 1.5 m long X 2.2 mm i.d., was packed with 3% OV-17 
on W100-mesh Chromosorb G.H.P. Operating conditions were: injection 
port, 300'; column oven, 240'; and detector, 275'. The nitrogen flow rate 
was 20 ml/min. Hydrogen and compressed air flow rates were adjusted 
to give maximum response. The relative standard deviation of the cali- 
bration graph data down to 15 pg of 5-(p-hydroxyphenyl)-5-phen- 
ylhydantoin/ml of urine did not exceed f4% ( n  = 9). 


All plasma and urine samples were analyzed in duplicate. 
Liquid Properties-Liquid surface tensions and viscosities were de- 


termined with a tensiometer18 and a capillary tube v i ~ c o m e t e r ~ ~ .  


RESULTS AND DISCUSSION 


In Fig. 4, the distilled water and polysorbate 80 solution uptakes into 
pure and hydrophilized phenytoin plugs are graphed against penetration 
time. As expected, no distilled water penetration into plugs of nontreated 
drug could be detected because of the strongly hydrophobic nature of the 
solid and the distilled water surface tension (70.1 dynes/cm a t  37O). Ad- 
dition of 0.1% polysorbate 80 to the penetrating liquid produced a mea- 
surable volume uptake. The penetration rate increased with increasing 
surfactant, decreasing the penetrating liquid surface tension to 37.7 
dynedcm a t  a 1% concentration. 


The wetting of a powder mass by a liquid containing a surfactant is a 
dynamic process during which surfactant monomers are adsorbed on the 
substrate. The surfactant micelles are broken down to monomers, which 
diffuse to the liquid-solid interfaces. During the dynamic penetration 
process, the micelle breakdown in the capillaries may result in a micelle 
diffusion from the bulk of the solution into the pores of the mass. In this 
case, the wetting potency is not limited by the critical micelle concen- 
tration [polysorbate 80 = 0.0416 (w/v) a t  37'). This is consistent with the 
theory (18) that micelle diffusion and breakdown will be the rate-limiting 
steps. 


Since the penetration rate into a porous mass is, according to the 
Washburn equation, strongly dependent on the contact angle of the solid, 
the extremely hydrophobic phenytoin, exhibiting a contact angle of 102O, 
was hydrophilized by hydrophilic binder distribution over the solid 
surface. Methylcellulose treatment decreased the contact angle to 51'. 
The penetration rate into the hydrophilized phenytoin plugs was strongly 
increased (Fig. 4). The extremely fast penetration rate was independent 
of the penetrating liquid wetting potency. 


The all-side penetration profiles are represented in Fig. 5. Again no 
penetration of distilled water into pure phenytoin plugs could be detected. 
Addition of polysorbate 80 to distilled water resulted in penetrations that 
increased with increasing surfactant concentrations. The steps in the 
recorded curves were caused by air bubbles escaping from the porous 
mass. The hydrophilized phenytoin plugs exhibited instant uptake, which 
was again independent of the penetrating liquid wetting potency. 


The effect of drug hydrophilization on the disintegration of capsules 
loaded with 300-mg plugs of phenytoin is shown in Fig. 6. The untreated 
drug capsule disintegration time was 2 hr in distilled water. The disin- 
tegration time decreased with increasing surfactant concentration down 
to 15 min a t  1% polysorbate 80. The hydrophilized phenytoin capsules 
all exhibited, independent of the polysorbate 80 concentration, disinte- 
gration times of 3 min, corresponding with the time in which enough of 
the gelatin had dissolved to open the capsule shell completely. 


Analogous results were obtained for the hydrophilization effect on the 
in uitro phenytoin release rate from the different capsules (Fig. 7). The 
results are expressed as the percentage dissolved from saturation against 
time. A strong increase in the percentage dissolved for the nontreated 
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Table I-Area under  the  Curves fo r  Seven Volunteers a f t e r  
Administration of Capsules Loaded with 300-mg Plugs of P u r e  
or Hydrophilized Phenytoin 


These availability studies are based only on a comparison of hydro- 
philized drug with pure strongly hydrophobic drug without any adjuvants 
( i x . ,  disintegrating agents). 


A UC. me min/ AUC. me min/ 
liter, 6 8  hr liter; d 8  hr 


Untreated 'I'reated Untreated 'l'reated 
Subiect Drug Drug Drug Drug 


A.S. 995 1337 6336 8452 
G.M. 673 905 4760 6075 
J.G. 99 1 1192 4184 5324 
L.O. 78 1 1109 4833 5103 
E.G. 713 1098 4187 4783 


4821 5661 
- 5194 


H.V. 943 1447 
L.L. 69 3 1096 
Mean 827 1169 4853 5900 
SD 145 178 787 1328 
P" <0.001 <0.01 


a Evaluated with the Student test for  paired observations. 


drug was found, along with a slight decrease for the treated drug with 
increasing surfactant concentrations. The slight decrease in the per- 
centage dissolved from saturation corresponds with an absolute increase 
i n  the amount dissolved because of the increased phenytoin solubility 
with an increasing polysorbate 80 concentration. The latter was due to 
the strongly solubilizing surfactant (Fig. 8). 


Comparative absorption studies were performed in humans. In Fig. 
9. all of the individual and the mean plasma curves are given for two 
capsule preparations loaded with 300 mg of either pure or hydrophilized 
phenytoin. The plasma levels for all individuals were significantly higher 
for the treated phenytoin than for the pure drug. Moreover, phenytoin 
absorption from capsules with untreated drug showed an -1-hr lag time 
whereas the hydrophilized drug was absorbed immediately. The area 
under the plasma level-time curve, evaluated by the trapezoidal rule from 
0 to 8 and 0 to 48 hr, showed higher values for the hydrophilized powder 
than for the pure drug (Table I)  ( p  < 0.01). 


In two subjects, absorption profiles were compared following oral ad- 
ministration of a 300-mg hydrophilized drug capsule and of a 300-mg 
phenytoinl200 rnl of water suspension (Fig. 10). Nearly identical plasma 
curves were obtained. The areas under the plasma concentration-time 
curves from 0 to 8 hr for the capsule and the suspension were 1394 and 
1357 mg miniliter for one subject and 1251 and 1244 mg minAiter for the 
other, respectively. Differences between the areas from 0 to 48 hr after 
administration were similar. 


The total amount of the hydroxylated phenytoin metabolite in the 
urine over 48 hr is shown in Fig. 11 together with the plasma drug levels 
in two subjects after pure and hydrophilized drug administration. The 
results showed remarkable intersubject variation in excretion rates and 
could not be used to predict relative drug absorption rates from different 
preparations. 
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The last chapter is on drug interactions, and its purpose is to survey 
mechanisms and factors involved in drug interactions. 


Finally, the book contains two appendixes: drug metabolism and in- 
activation, and drug-induced effects on laboratory diagnostic tests. 


The author succeeded in accomplishing his objective in the preparation 
of this book. Moreover, this book will prove to be beneficial not only to 
practicing pharmacists but also to other professionals who need updating 
in medicinal chemistry. 


Reviewed by Jaime N. Delgado 
College of Pharmacy 
University of Texas 
Austin, T X  78712 


Drug Fate and Metabolism: Methods and Techniques, Vol. 2. Edited 
by EDWARD R. GARRETT and JEAN L. HIRTZ. Dekker, 270 
Madison Ave., New York, NY 10016. 1978.382 pp. 14 X 23 cm. Price 
$39.50. 
This volume is the second in a series dealing with drug fate and me- 


tabolism, including such topics as spectroscopy, stereochemistry, and 
the mechanisms of drug action. Emphasis is placed on methods rather 
than on theory. The book is divided into six chapters, each of which is 
authored by scientists having expertise in a specific area of drug meth- 
odology. 


Chapter 1 emphasizes the application of voltammetric methods to drug 
analysis. Chapter 2 discusses the use of derivatization, detection, and 
metabolic transformation in GLC. The authors include an excellent lit- 
erature reference list of various drugs analyzed by GLC. Chapter 3 de- 
scribes stereochemical methodology, especially the discrimination of 
diastereoisomers and enantiomers. Chapter 4 reviews the physico- 
chemical, instrumental, and experimental features of fluorescence 
spectroscopy. Chapter 5 describes the use of nonradioactive immu- 
noassays, including viroimmunoassay and enzymoimmunoassay. Chapter 
6 discusses the isolation, separation, and assay methods for the analysis 
of glucuronic acid conjugates. 


Although the main emphasis of this book is geared toward the research 
scientist, it is a valuable supplement for students interested in toxicology, 
analytical chemistry, and pharmacology. 


Reviewed by Gerald W. A. Slywka 
School of Pharmacy 
Ferris State College 
Rig Rapids, MI  49307 
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Liquid Chromatographic Analysis of Its Diastereomeric 
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Abstract 0 A sensitive and specific analytical method was developed 
to determine the enantiomeric purity of naproxen. A simple derivatiza- 
tion of naproxen with (S)-(+)-2-octanol proceeded quantitatively and 
gave a mixture of diastereomeric esters displaying baseline separation 
on liquid chromatography. The ratio of these esters was the same as the 
ratio o f  enantiomers present in naproxen samples assayed. Reproduc- 
ibility of the method was excellent. 


Keyphrases 0 Naproxen-liquid chromatographic analysis of enan- 
tiomers fl Liquid chromatography-analysis, enantiomers of naproxen 
0 Enantiomers-of naproxen, liquid chromatographic analysis 0 
Anti-inflammatory agents---naproxen, liquid chromatographic analysis 
of enantiomers 


The anti-inflammatory drug naproxen is the (S)-(+)-  
enantiomer of 2-(6'-methoxy-2'-naphthyl)propionic acid 
(I) (1, 2). During naproxen development] it became nec- 
essary to develop a simple, yet sensitive, analytical method 
for the determination of the enantiomeric purity of this 
drug. 


A chromatographic method was chosen over an NMR 
or direct rotation measurement because of the small 
sample size required and to gain the specificity necessary 
to separate I from any of a variety of potentially optically 
active compounds ( i e . ,  degradation products, impurities, 
and metabolites). To provide chromatographic separation 
of the enantiomers of I,  another chiral species must be 
introduced and a diastereomeric relationship established. 
The most commonly used technique involves reaction of 
the enantiomeric mixture with an optically active reagent 
to form a pair of diastereomers that can be separated using 
ordinary chromatographic For this method 
to be rigorous ( i e . ,  for the ratio of diastereomers produced 
to mirror exactly the ratio of enantiomers present in the 
original sample), the reagent used must be enantiomeri- 


For an excellent review of the separation of diastereorners by GLC, see Ref. 
3. 


Direct rhromat(igraphir separation of enantiomers by CI,C (4 )  and liquid 
chromatographic (5) methtds, utilizing optically active stationary or mobile phases, 
has been reported. 


cally pure and there must be no kinetic resolution or ra- 
cemization in the reaction that transforms the enantiomer 
mixture into a diastereomer mixture (6). 


This paper describes a simple method for the quanti- 
tative reaction of I with (S)-(+)-2-octanol [(S)-(+)-I11 to 
give the diastereomeric esters (SS)-111 and (RS)-111. The 
liquid chromatographic separation and quantitation of 
these esters are also discussed. 


EXPERIMENTAL 


Materials-The syntheses of naproxen? and 2-(6'-hydroxy-2'-naph- 
thy1)propionic acid3 were reported previously (1,2). (S)-(t)-2-Octanol 
(>98% optically pure) was obtained commercially4. The reagent grade 
toluene was purified hy washing with concentrated sulfuric acid until the 
acid remained colorless. The toluene was then washed with water until 
neutral and then with saturated sodium bicarbonate solution. A final 
wash with water until neutral and drying over anhydrous sodium sulfate 
afforded toluene of sufficient purity for use as the esterification reaction 
solvent. 


Glass-distilled hexane and ethyl acetate were obtained commercially5 
and were dried prior to use by percolation through neutral aluminum 
oxide6 (activity grade I). All other solvents were reagent grade. 


Liquid Chromatography Equipment and  Operating Condi- 
tions-A liquid chromatograph7 equipped with a variable wavelength 
UV detectors and a 100-pl fixed loop injectorg were used. The wavelength 
chosen for detection was 332 nm (0.04 aufs); a t  lower wavelengths, an 
impurity found in all hatches of octanol gave a detectable peak coincident 
with that for (SS)-III. Integration of peak areas was obtained through 
the use of a programmed digital integration system'" interfaced to the 
detector. A 25-cm X 3-mm (i.d.) commercially available microparticle 
silica" column was operated a t  ambient temperature. With 0.516 ( v h )  
ethyl acetate in hexane as the mobile phase and a flow rate of 1.2 ml/min, 
the column developed a pressure of approximately 49.21 atmospheres. 


Esterification Procedure-Approximately 1 mg of I was weighed 
into a test tube fitted with a polytef-faced screw cap. To this solid was 
added 100 pl of (S)-(+)-II and, on dissolution, 900 pl of purified toluene 
and 5 pl of concentrated sulfuric acid were also added. The capped tubes 
were placed in an oil bath for 2 hr at  10Oo'?. After cooling to room tem- 
perature, 1 ml of 0.02 M sodium bicarbonate was added and the mixture 
was agitated vigorously. 


The toluene layer was transferred to a new tube and dried over sodium 
sulfate. A 100-pl aliquot of this solution was then hrought to 10 ml with 
the mobile phase, and the resulting solution (-10 pglml) was analyzed 
hy injecting 100 pl(1 pg)  into the chromatograph. The percent (SS)-I11 
is then calculated from: 


area peak 1 
area peak 1 + area peak 2 


percent (SS)-I11 = x 100 (Eq. 1) 


Institute of Organir Chemistry, Syntex Corp., Palo Alto, Calif. 
4 Norse 1.ahoratorles. 
5 Rurdick and .Jackson Lahorati~ries. 
6 Woelm, ICN Pharmaceuticals. 
7 Spectra-Physics model 3500R. 
8Schoeffel model 770. 
9 Valco universal inlet. 


lo  Spectra-Physics Systems 1. 


l 2  The progress of the reaction was followed by T I C  The reaction mixture (SO 
P I )  was spotted directly onto silica gel GF plates and developed with hexane--tet- 
rahydrofuran-acetic acid (50:50:1). In this solvent system, I (R, 0.71) and 111 ( H ,  
0.86) are well separated. 


Spectra-Physits prepacked with 5 - i m  Spherisorh silica. 
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Figure I-Chromatogram of the mixture of diastweomeric octyl esters 
( I l l )  prepared from racemic I and ( S ) - ( + ) - I I .  


where peak 1 is the first eluting peak and corresponds to the (SS)-ester 
and the second peak corresponds to the (RS)-ester13. 


Scale-up of this reaction gave a crystalline product (mp 53") upon 
workup whose spectral properties were consistent with those of the ex- 
pected ester HI. 


Calibration Curve-Approximately 10 mg of (S)-(t)-I of high optical 
purity14, [.I$' t67.4" (c 1.0, CHCI:J, was accurately weighed into a 10-ml 
volumetric flask. The solid was dissolved by addition of 1 ml of (S)-(t)-II, 
and the resulting solution was brought to 10 ml with purified toluene. 
This procedure was repeated using racemic 1. Into six culture tubes were 
added aliquots of the solutions as shown below to give a final volume of 
1 ml in each tube: 


volume of volume of approximate 


1 .o 0 100 
0.8 0.2 80 
0.6 0.4 60 
0.4 0.6 40 
0.2 0.8 20 
0 1 .O 0 


(S)-(t)-I, ml (*)-I, ml enantiomeric purity, % 


T o  each sample was added 5 pl of concentrated sulfuric acid, and the 
resulting reaction mixtures were treated as described and analyzed by 
liquid chromatography. The enantiomeric purity of (S)-(t)-I in each 
calibration sample can be calculated from the following equation? 


percent enantiomeric purity 


13 Actually each peak represents an enantiomeric pair. Peak 1 represents both 
(SS)-III and (RR)-111 while peak '2 represents both ( H S b I 1 1  and (SR)-III. Due to 
the high degree of optical purity of ( .S ) - (+ ) - I I ,  contributions that (RRbIII and 
(SR).III may make to each peak were ignored. 


14 Optical rotations were measured on a Perkin-Elmer model 141 polarimeter. 
16 If W +  = W,, r.e.. if the weights used to prepare the two standard solutions are 


the same, then Eq. 2 simplifies to: 


percent enantiomeric purity = 200 (V+F + VzV,/V+ + V * ]  - 100 


1 
"1 P 


ENANTIOMERIC PURITY OF (S)-(+)-I 


Figure %-Calibration plot showing the relationship befween the known 
enantiomeric purity (by  weight) of prepared samples of I and the dia- 
stereomeric composition of I I I  found after esterification. 


where: 


V+ = volume of (S)-(t)-I standard solution in milliliters 
V* = volume of racemic I standard solution in milliliters 
W+ = weight of ( S ) - ( t ) - I  used to prepare the standard solution 
W+ = weight of racemic I used to prepare the standard solution 


batch of I used to prepare the (S)-(t)-I standard solution 
F = mole fraction of the ( S ) - ( t )  enantiomer known to he in the 


RESULTS AND DISCUSSION 


The esterification reaction rate was followed by TLC. The reaction was 
complete in approximately 1.5 hr at  100" under the conditions specified. 
Complete loss of 1 was observed, and no side products were apparent by 
TLC. When (S)-(t)-I and (S)-(t)-II were allowed to react for 23 hr under 
these same conditions, no evidence of degradation of the ester [(SS)-III] 
was observed by TLC and liquid chromatography. Racemization of I or 
epimerization of (SS)-III under these severe conditions was also ruled 
out since the percent (SS)-diastereomer found (98%) compares well with 
that found after only 2 hr of reaction (99%). These results indicate that 
the reaction of I with (S)-(t)-II gives only I11 with no competing reactions 
and that this ester is completely stable, both chemically and stereo- 
chemically, under the reaction conditions. 


The liquid chromatographic method used to analyze the reaction 
mixtures displayed baseline separation of the (SS ) -  and (RS)-diaste- 
reomers of 111 (Fig. 1). The specificity of the method for I in the presence 
of 2-(6'-hydroxy-2'-naphthyl)propionic acid (IV), a major metabolite in 
humans (7,8), was also demonstrated by the large separation found be- 
tween the octyl esters of I and IV on liquid chromatography. 


A plot of the percent (SS)-I11 found experimentally uersus the known 
enantiomeric purity of (S)-(+)-I in each sample is shown in Fig. 2. The 
excellent fit of the points in this calibration curve to a line of slope 0.5 


Table  I-Enantiomeric Pur i ty  of Several Samples of I a by 
Esterification followed by Liquid Chromatography 


Enantiomeric Purity of 
Sample (S)-(t)-I, 


79.2 
79.9 
79.8 
79.2 
79.9 


Mean-* S D  79.6 f 0.4 


0 Samples are 80.0% enantiomerically pure. 
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clearly demonstrates that  for each sample the ratio of the diastereomeric 
esters produced is identical to the  ratio of enantiomers present in the 
original sample. If ,  however, enantiomerically impure (.'7)-(+)-11 were 
used, the slope of the line in Fig. 2 would he less than 0.5 and could be 
calculated from: 


(Eq. 3 )  


Table I shows the results of the liquid chromatographic analysis of five 
samples of (S)-(+)-l (80% enantiomerically pure). T h e  da ta  clearly 
demonstrate the excellent reproducibility of the  method. This  result is 
expected since the measurement is not dependent on quantitative re- 
covery of 111 but rather involves comparison of relative peak areas of two 
closely eluting diastereomers. T h e  applicahility of this method to other 


enantiomeric purity of ( .S)-(+)-Il  
200 


slope = 


A 


carboxylic acids of this type (Structure  A) can only be speculative hut  
is perhaps not  unlikely if R1 and  RP are  sufficiently dissimilar. 
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A b s t r a c t  A drug delivery system for R-type prostaglandins is de-  
scribed. In this system, consisting of drug dissolved in triacetin and filled 
into soft gelatin capsules, normally unstable prostaglandins show ex- 
cellent stability a t  room temperature. 


Keyphrascs Prostaglandins, R type--stability in triacetin drug de-  
livery system n Stability-E-type prostaglandins in triacetin drug de-  
livery system 0 Delivery, drug-E-type prostaglandins in triacetin sys- 
tem, stability 


Prostaglandins are a class of biologically active com- 
pounds with a wide spectrum of pharmacological re- 
sponses. Their application in human reproduction (1) and 
antiulcer therapy (2) demonstrates their clinical useful- 
ness. The general instability of prostaglandins has resulted 
in the arduous task of developing stable formulations for 
biological, toxicological, and clinical testing. 


The number of asymmetric carbon centers in the mol- 
ecule can result in the formation of stereoisomers through 
various degradative pathways. For example, in the F series, 
dinoprost (prostaglandin F?,,, undergoes acid-catalyzed 
epimerization to form the 15-epi derivative (3). Prosta- 
glandins of the E series [e.g. ,  prostaglandin El and pros- 
taglandin E2 (dinoprostone)] are more labile due to the 
facile dehydration of the 11-P hydroxyl group in the cy- 
clopentanone ring, forming prostaglandins of the A series; 
in some cases, subsequent isomerization to B series pros- 


n 


I1 I 


T a b l e  I-Stability of 11 in T r i a c e t i n  


Triacetin Soft Elastic 
Tempera- Solution, Capsuleb, 


Time ture  '16 label" % label 


Initial 4" 102 100 
1 month 4 O  102 108 
3 months 4" 103 98.8 
6 months 4" 105 91.1 
9 months 40 108 105 


12 months 4" 98.7 106' 
Initial 25" 102 100 
1 month 25" 98.8 95.3 
3 months 2.5" 103 93.5 
6 months 25" 1 02 87.9 
9 months 25" 103 100 


12 months 25" 94.7 94.5 
Initial 40" 102d 100 
1 month 40" 99.1 101 
3 months 40' 87.7d 91.5 
6 months 40" 87.Rd 70.3 


0 Average values lrom theoretical roncentrationa i i f  0.5 and 2.2 mg/ml unless 
otherwise indicated. Theoretiral ronrentration was 0.85 ni#/ml. Value was for 
1 1  months. d Value from a theoreticnl concentration i i l 2 . 2  mg/ml. 


taglandins occurs (4). Recently (5), a more detailed kinetic 
scheme was elucidated for the decomposition of prosta- 
glandins El and E2 to include other degradative steps 
leading to the formation of 8-iso, 15-epi, and 13,15-rear- 
rangement products of the respective prostaglandins. 


This paper reports the use of triacetin for stabilizing 
stock solutions of (lfjR)-15-methyl prostaglandin E2 
methyl ester ( I )  and 16,16-dimethyl prostaglandin EZ (11) 
for experimental studies and in dosage form design. 
Nonaqueous solvents usually are employed for solubilizing 
water-insoluble drugs (6,7). With prostaglandins, a variety 
of solvent vehicles also was employed to enhance stability 
(8) and to  provide a milieu for rapid drug dissolution. 
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Abstract o A rapid and specific high-pressure liquid chromatographic 
(HPLC) assay was developed for the simultaneous determination of 
amoxicillin and its penicilloic acid metabolite in urine. The two com- 
pounds, assayed directly in urine or after dilution with water-methanol 
(85:15), are separated by reversed-phase chromatography and quanti- 
tated spectrofluorometrically following postcolumn derivatization with 
fluorescamine. Linear calibration curves were measured in the ranges 
of 25-250 and 5MOO ng injected for amoxicillin and the penicilloic acid 
metabolite, respectively. The sensitivity limit of the aasay is 2.5-5.0 pglml 
of urine for amoxicillin and the penicilloic acid metabolite. Urine samples 
(0-8 hr) taken from six subjects following single 250-mg PO doses and 
assayed by HPLC showed ranges of cumulative percent of the dose ex- 
creted as amoxicillin and the penicilloic acid metabolite (reported as 
amoxicillin equivalents) of 50.2-68.0 and 21.6-30.096, respectively. An 
excellent correlation ( r  = 0.985) was demonstrated for the measurement 
of amoxicillin concentrations by the HPLC and microbiological as- 
says. 


Keyphrases o Amoxicillin-high-pressure liquid chromatographic 
determination in urine 0 Antibacterials-amoxicillin and penicilloic acid 
metabolite, high-pressure liquid chromatographic determination in urine 
0 High-pressure liquid chromatography-analysis, amoxicillin and 
penicilloic acid metabolite in urine 


Amoxicillin’ (I) [D-(-)-a-amino-p-hydroxybenzyl- 
penicillin trihydrate], synthesized from 6-aminopenicil- 
lanic acid, is an orally absorbed, acid-stable, semisynthetic, 
broad-spectrum antimicrobial agent (1-3). Studies on its 
biotransformation demonstrate that it is excreted in urine 
intact and as the penicilloic acid of amoxicillin (11) [6-D- 
(-)-a-amino-p-hydroxyphenylpenicilloic acid] (4,5). 


BACKGROUND 


Routine determinations of I in biological fluids are usually performed 
by microbiological assay using one of a variety of sensitive bacterial strains 


Larotid, Hoffmann-La Roche Inc.. Nutley. NJ 071 10. 


I 


I1 
(6). Since the metabolic cleavage of the @-lactam ring to I1 inactivates this 
compound toward microbiological activity, the microbiological assays 
are specific for I in the presence of 11. The analysis of I1 has been reported 
using a separate aliquot of the sample by iodometric titration (7) and by 
TLC, followed by formation of an ammonium-molybdate complex and 
spectrophotometry (5). 


Spectrofluorometric methods are capable of measuring ampicillin 
(8-10) and amoxicillin (11-14) in serum, plasma, or urine following 
therapeutic doses. The spectrofluorometric assays are based on the for- 
mation of strongly fluorescent products by heating either in the presence 
of formaldehyde (8, 11-13) or uranylacetate in acid solution (10) or a t  
room temperature in the presence of mercuric chloride in neutral solution 
(9, 14). Jusko (8) postulated that the fluorescent product formed is a 
3,6-disubstituted diketopiperazine and demonstrated that ampicillin 
levels measured by the spectrofluorometric assay were appreciably higher 
than those measured in identical samples by a microbiological assay. This 
result was attributed to the formation of the identical fluorophore by both 
the penicilloic acid and the penicillin. 


Thus, the spectrofluorometric methods described using formaldehyde 
(8,ll-13) or uranylacetate (10) are “total” assays, which measure the sum 
of the penicillin and penicilloic acid. The spectrofluorometric methods 
using mercuric chloride described for ampicillin (9) and amoxicillin (14) 
differ from the other methods employing formaldehyde (8.11-13) in that 
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Figure 1-Schematic diagram of equipment used for HPLC determination of I and II. 


only the penicilloic acid forms the fluorophore. Two aliquots of the same 
sample are required for the measurement of the penicillin and ita peni- 
cilloic acid (9.14). The fmt sample is required for the direct measurement 
of the “free” penicilloic acid fraction. The second sample ie used to 
measure “total” penicilloic acid after alkaline hydrolysis of the penicillin 
to the penicilloic acid. The measurement of free penicillin is baaed on the 
difference between the “total” and “free” penicilloic acid fractions. 


The aim of the present study was to develop a routine chemical assay 
capable of the simultaneous and specific meaaurement of both I and I1 
without multiple assays and differential measurement. High-pressure 
liquid chromatography (HPLC) using spectrophotometric detection was 
recently described for the analysis of penicillins in pure forms (15-17). 
Utilization of HPLC separation followed by postcolumn derivatization 
with fluorescamine is a facile and reproducible procedure and has been 
used successfully for the determination of peptides (18) and kanamycin 
(19). The method described permits the rapid, simultaneous measure- 
ment of I and I1 in urine without extraction and with minimal aample 
cleanup. The method was succeasfully applied following the adminis- 
tration of therapeutic doses of amoxicillin and can be used in biophar- 
maceutical and pharmacokinetic studies. 


EXPERIMENTAL 


Column-The 30-cm X 4-mm i.d. stainless steel column contained 
octadecyltrichlorosilane chemically bonded (10% by weight) to 10-pm 
silica gel2. The column generated 10,OOO plates/m. 


Instrumental  Parameters-The HPLC separation was performed 
using the column together with a reciprocating piston pump3 and loop 
injector‘. The isocratic mobile phase was a mixture of water- 
methanol-acetic acid (85:15:0.5) a t  a column head pressure of 1.6 X 103 
psi and a constant flow rate of 1.0 ml/min. Two pumps6 were used to add 
the 0.2 M phosphate buffer (pH 11.4) and fluorescamine reagent a t  flow 
rates of 1.06 and 0.4 ml/min, respectively. All connections from the ef- 
fluent to the detectors were made with 1.5-mm 0.d. X 0.3-mm i.d.B poly- 
tef tubing, with the exception of the tubing from the buffer reagent and 
fluorescamine reservoir which was 3.0 mm 0.d. X 1.5 mm i.d.8. All mixing 
tees, tube end fittings, couples, and gauges were obtained from a com- 
mercial sourcee (Fig. 1). The total flow rate through the system was 2.46 
ml/min. 


Fiuorometric measurement was made with a filter fluorometer10 using 


No. 27324, pBondapak CIS, Waters Associates, Milford, MA 01757. 
Model 6OOO. Waters Associates. Milford, MA 01757. ‘ Model U6K, Waters Associates, Milford, MA 01757. 
Model 396-31, Part 19-60006-001, Milton Roy mini-pump (16-160 ml/hr), 


No. 200-34, Rainin Instrument Co., Fort Lee, NJ 07024. ’ Teflon, du Pont. 
8 No. 200-32, Rainin Instrument Co., Fort Lee, NJ 07024. 


Tees No. 200-22, tube end fittings No. 200-00, fouples No. 200-16, and gauges 


lo Models 500-D and 500-C fluorometer detectors. Cambridge Bioengineering 


Laboratory Data Control, Englewood Cliffs. NJ 07636. 


(O-IOOO psi) No. 904-01, Rainin Instrument Co., Fort Lee, NJ 07024. 


Inc., Cambridge, MA 02142. 


a polytef tube flowcellll of 32 pl and interference filters a t  395 f 12.5 and 
485 f 25 nm for excitation and emission, respectively. The excitation 
source was a 4-w fluorescent lampI2, and detection was made with a 
nine-stage p h ~ t o m u l t i p l i e r ~ ~  powered by a regulated 700-v dc power 
supply1o. In series with this detector was a ~pectrofluorometer~4 with a 
rectangular 0.1-ml quartz f l ~ w c e l l ~ ~ .  This instrument contains a 150-w 
xenon lample for excitation a t  385 nm and measures the resultant emis- 
sion a t  490 nm using a photomultiplier tube”. A back-pressure coil (ap- 
proximately 60 cm of polytef tubing) was attached to the exit line of the 
second detector to eliminate the formation of air bubbles in the flowcell. 
The filter fluorometer and spectrofluorometer were connected to a re- 
corder’s with input voltages of 1 v and 10 mv, respectively, with a chart 
speed of 2.54 cm/2 min. 


A schematic diagram of the instrumentation used for determination 
of I and I1 is shown in Fig. 1. Under the described conditions, the retention 
times of the fluorescamine derivatives of I and I1 was 7.0 and 5.2 min, 
respectively (Fig. 20). The injection of 250 ng of I and 400 ng of 11/10 p1 
yielded peaks of nearly full-scale response a t  an attenuation of X32 using 
the filter fluorometric detector. The injection of the same amounts of I 
and I1 using the spectrofluorometer with the selector at 1 and sensitivity 
a t  7 yielded peaks of nearly full-scale deflection. 


Reagents-All inorganic reagents were analytical grade and were 
prepared in deionized, distilled water. 


Stock Buffer Solution-Phosphate buffer (1.0 M, pH 11.4) was pre- 
pared by mixing 530 ml of 1 M potassium phosphate dibasic (trihy- 
drate)le and 470 ml of saturated tribasic sodium phosphate ( N Q P O ~ ) ~ ~ .  
The mixture was adjusted to pH 11.4 with 1 M potassium phosphate 
monobasic (KHzPO4.3HzO) or saturated tribasic sodium phosphate. 


Reagent Buffer Solution-The stock buffer solution was diluted with 
deionized, distilled water to yield 0.2 M phosphate buffer (pH 11.4). This 
solution was pumped into the effluent stream by Pump I a t  a rate of 1.06 
ml/min (Fig. 1) to adjust the pH of the effluent of the liquid chromato- 
graphic column to 8-8.5 for optimum yield of the fluorescamine deriva- 
tive. 


Fluorescarnine Reagent-A solution containing 20 mg of fluores- 
caminem/lOO ml of acetonez1 was prepared. The reagent was pumped into 
the effluent stream by Pump I1 (Fig. 1) a t  a rate of 0.4 ml/min. 


Mobile Phase-The mobile phase for HPLC separation was a mixture 


Cambridge Bioenfmeering Inc..Cambridge, MA 02142. (An 8-pl flowcell with 
Wter accessory recent became available.) 


I* Cambridge  lam^. %4T5/212/M0. 
‘3 RCA IP28 o r  equivalent. 


l 5  No. 22-0275, Perkin-Elmer Corp.. Norwalk. CT 06856. (A 10-pl flowcell ac- 


Is No. 350-1646 (OSR AM). Perkin-Elmer Coro.. Norwalk. CT 06856. 


Model 204. Perkin-Elmer Corp., Norwalk, CT 06856. 


cessory kit; No. 010-0137, recently became available.) 


l7 RCA R212 or equivalent.’ 
IS Speedomax, XL, 625 series dual-pen recorder, Leeds and Northrup, North 


Wales, PA 19454. 
Mallinckrodt Inc., St. Louis, MO 63160. 


2o Fluram. Hoffmann-La RocheInc., Nutley, NJ 07110. 
2i Spectrograde, Eastman Chemical Co. 
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Figure 2-Chromatograms of HPLC assay using a filter fluorometric 
detector. Key: (a) A, diluted control urine; B, human subject diluted 
urine after an oral dose; C ,  diluted control urine containing added 
standards; D, authentic standards; (b) A', control urine; B', human 
subjeet urine after an oral dose; and C', control urine containing added 
standards. 


of water-methanolz2-acetic acidz3 (85:15:0.5), which was deaerated in 
an ultrasonic bath prior to use. 
"_ . . " . .. n. . .. "?. , T ,3 , I n >  e . e I btanaara 3oiutions-r mt, 11.10 mg 01 I, b-l\n)-z-amino-z-\p- 


hydroxyphenyl)acetamido] -3,3-dimethyl-7-0~0-4 -thia- 1 ~ azabicyclo- 
[3.2.0]heptane-2-carboxylic acid trihydrate (ClfiH1905N$3*3HzO, mol. 
wt. 419.45 corrected for 84.9% potency), was weighed out into a 10-ml 
volumetric flask and dissolved in deionized, distilled water. This stock 
solution contained 1.0 mg of I/ml. Then 11.15 mg of 11, (a R, 2R,  4S)-(r- 
I(R)-2-amino-2-(p-hydroxyphenyl)acetamido]-4 -carboxy-5,5-dimeth- 
yl-2-thiazolidineacetic acid disodium salt (C16H1905N3NaZS, mol. wt. 
427.38), equivalent to 10.00 mg of the free acid of 11, was weighed out into 
a 10-ml volumetric flask and dissolved in deionized, distilled water. This 
stock solution contained 1.0 mg of Wml.  


These stock solutions were used to prepare the following six mixed 
standard solutions (A-F) containing 25,50,100,150,200, and 250 pg of 
I/ml and 50, 100, 150, 200, 300, and 400 pg of II/ml, respectively, by 
dilution with water-methanol (85:15). The mixed standards (A-F) were 
diluted further (1:lO) with water-methanol (85:15) to yield a series of 
mixed working solutions containing 2.5,5,10,15,20, or 25 pg of I/ml and 
5, 10, 15,20,30, or 40 pg of II/ml, respectively. A 10-pl aliquot of these 
mixed working solutions equivalent to 25,50,100,150,200, or 250 ng of 
I and 50,100,150,200,300, or 400 ng of I1 was injected onto the HPLC 
column to establish an external calibration curve of peak height uersus 
concentration injected of I and 11. 


One-milliliter aliquots of Standards A-F were added directly to 1 ml 
of control urine and diluted to 10 ml with water-methanol (85:15) as in- 
ternal standards for the construction of an internal standard curve. The 
internal standard calibration curve of peak height uersus concentration 
injected was used to determine the concentration of the unknowns by 
interpolation. 


All external standards and internal standards of I and I1 should be 
prepared fresh daily. 


Urine Analysis-A 5-ml urine sample was placed into a 15-ml conical 
tube and centrifuged to spin down the suspended materials. A 1-ml ali- 
quot of this supernate was transferred to another 15-ml centrifuge tube, 
and 9 ml of water-methanol (85:15) was added. A 10-pl aliquot of this 
supernate was injected into the chromatograph (Fig. 2a). For higher 
sensitivity, a 10-pl aliquot of the supernate could be assayed directly by 
HPLC (Fig. 2h). 


Upon completion of a day's analysis, it was necessary to flush the 
phosphate reagent line with distilled water and the fluorescamine reagent 


21 Fisher Scientific, Springfield, N J  07081. 
2:'J.T. Baker Chemical Co. .  l'hillipsbury, N J  08865. 


line with acetone to avoid plugging. 
Calculations-Quantitation was based on a linear relationship be- 


tween peak heights of the fluorescamine derivatives and the concentra- 
tions of material added to the control urines. The peak heights of I and 
I1 in the respective internal standards and unknowns were determined. 
The absolute amount injected in the unknowns was obtained by inter- 
polation from the internal standard curve. These values were corrected 
for the appropriate dilution and calculated as micrograms per milliliter 
of urine. 


Precision and Sensitivity Limit-The efficiencies of postcolumn 
derivatization of I and I1 to their respective fluorescent derivatives from 
a urine sample as compared to a water (control) sample were 92.2 f 5.6 
and 100.4 f 3.3% (SD), respectively. These calculations were based on 
the analysis of IO-pI aliquots of mixtures of 1 ml of urine or water to which 
were added 1 ml of Solutions A-F and 8 ml of water-methanol (85:15). 
Experiments demonstrated that the efficiencies of fluorophore formation 
of I and I1 were essentially identical using the direct injection of the urine 
supernate. 


The sensitivity limits of detection were 25.0 and 50.0 pglml of urine 
for I and 11, respectively, using the 10:1 dilution with water-methanol 
(8515). Sensitivity limits of 2.5 and 5.0 pg/ml of urine for I and 11, re- 
spectively, were obtained without dilution of the urine supernate. The 
specificity of  the assay against endogenous interferences was demon. 
strated by the absence of peaks with retention volumes similar to I and 
I1  in the chromatograms of the control urines. 


RESULTS AND DISCUSSION 


The original goal of this work was to develop a rapid, straightforward 
HPLC assay suitable for the simultaneous analysis of I and 11 in both 
plasma and urine. Studies on the extractability of these compounds 
showed that, due to their amphoteric nature, recoveries were very poor. 
Therefore, investigations were undertaken to assay these compounds 
after derivatization in the biological specimen and extraction of the de- 
rivatives or to assay the biological specimens directly. 


The first approach met with partial success using the technique of 
fluorophore formation (8) with minor modifications. The assay required 
the formation of a protein-free filtrate of plasma with metaphosphoric 
acid and heating to 70' for 15 min. The filtrate was washed twice with 
2 x 10-ml portions of ether and then made strongly acidic with concen- 
trated hydrochloric acid. This solution was heated (100') in the presence 
of formaldehyde to yield an extractable yellow fluorophore, which was 
quantitated by HPLC using filter fluorometric detection with a low 
pressure mercury lamp excitation source (excitation of 365 and emission 
of >451 nm). Analysis was performed using a silica gelz4 column with an 
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Figure 3-Uncorrected excitation-emission spectra of a solution 
containing 4 fig of I and 11.0.4 ml of I M phosphate buffer (pH S), and 
0.2 ml of 20 mg fluorescamine/100 ml of acetone, diluted to 5 ml with 
water-methanol (85:15). 


21 A 0.25-111 x 4.6-mm i.d. Partisil silica gel IO-rm stainless steel column, What- 
man, Clifton. N J  0'7014. 
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Table I-Comparison of the HPLC Assay Using a Fi l ter  Fluorometer and a Spectrofluorometer as Detectors 


Compound I ,  pg/ml 
Filter Spectro- Ratio 


Fluorometer (a)n fluorometer (b)" (a/b) 


136.5 
217.5 
145.7 


133.4 
210.3 
159.1 


213.5 221.7 
270.9 283.4 
118.0 129.3 


r = 0.989 
Mean f SI) 


1.02 
1.03 
0.92 
0.96 
0.96 
0.99 


0.98 f 0.04 


Compound 11, pg/ml 
Filter Spectro- Ratio 


Fluorometer (a)" fluorometer (b)" (a/b) 


57.8 46.0 


64.4 58.6 
71.5 71.4 


118.7 120.0 
50.8 50.0 


r = 0.982 


80.6 86.0 
1.25 
0.94 
1.09 
I .OO 
0.99 
0.92 


1.0:3f0.11 


Filter fluorometer attenuation at X32; spectrofluorometer selector at 1 and sensitivity at 7 ,  


Table 11-Urinary Excretion of I and I1 over 0-8 h r  following Single 250-mg PO Doses in Six Human Subjects 


Microbiological Assay- HPLC Assay" 
Excreted as Unchanged I Excreted as Unchanged I Excreted as I I h  


% of Dose % of Dose oh of Dose Total Dose Ratio 
Subject rg/ml (a)  Recovered pglml (b)  Recovered pg/ml Recovered Recovered, %> (a/b) 


1 135.0 54.0 136.5 54.6 57.8 23.1 
2 222.6 63.2 217.5 61.8 80.6 23.9 


77.7 
84.7 


3 1-58.? 73.8 145.7 68.0 64.4 :w.o 9x. 1 
4 
5 


223.3 69.2 213.5 66.2 71.5 22.2 
264.5 59.6 270.9 61 .o 1187 26 7 


50.2 50.8 21.6 6 100.9 44.3 118.0 
Ranre 44.3-73.8 50.2-68.0 21.6-30.0 


88.3 
87.7 
71.8 


0.99 
1.02 
i.oS 
0.98 
1.05 


0.85 


Me& 60.7 60.3 24.4 
Mean f S D  1.00 f 0.07 


a Using filter fluorometer. Reported as I equivalent. Factor = (419.45/38(:1.:38) = I 0 9  


isocratic mobile phase of methylene chloride-methanol (955) a t  a flow 
rate of 1.6 ml/min on a commercially available liquid chromatograph. 


Under these conditions, both I and I1 yielded the identical derivative 
(Rc 5.6 min) with a limit of sensitivity of 200 ng/ml of plasma. Comparison 
of the fluorescent properties of the yellow derivative of I and I1 (excita- 
tion/emission maxima: 363/452 nm) with those of the colorless authentic 
standard of the 3.6-disubstituted diketopiperazine (excitation/emission 
maxima: 280/305 nm) demonstrated that the 3,6-disubstituted diketo- 
piperazine was not produced upon heating I and I1 in acid in the presence 
of formaldehyde, as suggested by Jusko (8). When the 3,6-disubstituted 
diketopiperazine itself was reacted under the conditions described, it 
produced a compound with the identical fluorescent properties as the 
derivative of I and 11. The chemical structure was recently identified as 
2-hydroxy-3-phenyl-6-methylpyrazine (20). 


The assay was applied to the analysis of I in plasma and urine of a dog 
following a 500-mg dose of a commercial formulation'. The levels ob- 
tained were compared to those measured by the microbiological assay 
using Staphylococcus aureus (ATCC 6538P) as the test organism. Over 
a 6-hr period, plasma levels measured by the HPLC tecnhique were as 
much as 15 times higher than those measured by the microbiological 
assay. The large difference was attributed to the formation of the identical 
fluorophore by 11, the nonmicrohiologically active metabolite of I. The 
possibility of other unidentified inactive metabolites of I yielding the 
same fluorophore cannot be discounted. Thus, in plasma, this procedure 
is only useful for the measurement of total levels of amoxicillin ( I )  and 
i ts  metabolites. Due to the lack of specificity, this approach was discon- 
tinued. Modification of the reaction conditions for this procedure (8) as 
well as that of Miyazaki et 01. (9, 14) did not yield two derivatives that 
were separable by HPLC for quantitation. Attempts to form fluores- 
camine derivatives prior to HPLC of plasma samples were also unsuc- 
cessful due to formation of multiple products upon derivatization. 


HPLC separation of I and I1 follbwed by a highly specific reaction with 
fluorescamine under alkaline condition permitted the direct determi- 
nation of these compounds in urine. The limitation of this procedure is 
its inability to measure levels of I and I1 in the protein-free filtrates of 
plasma due to a lack of sensitivity. 


The fluorescamine derivatives of I and I1 were examined by spectro- 
fluorometry prior to HPLC analysis to establish reaction conditions to 
maximize the yield of the fluorophore. The optimum reaction pH was 
8-8.5 with excitation and emission maxima for the fluorescamine deriv- 
atives a t  385 and 490 nm, respectively (Fig. 3). The quantum yield of 
fluorescence for I1 was approximately half that  of I and was probably 


related to the structural differences. A concentration of 20 mg of fluo- 
rescamine/100 ml of acetone was determined to be optimal for postcol- 
umn derivatization. A concentration of 10 mg/100 ml of acetone resulted 
in a 50% loss in response, while concentrations greater than 20 mg/100 
ml resulted in precipitation of the reagent in the polytef tubing. 


The main criteria for the choice of the detector were its high energy 
output for excitation a t  approximately 390 nm and its selectivity for 
monitoring the fluorescence emission at approximately 490 nm. Both a 
filter fluorometer'2 and a spec t ro f l~oromete r~~  were evaluated as 
postcolumn detectors for fluorescence measurement. The data indicated 
that both instruments gave comparable results (r = 0.989 and r = 0.982) 
for I and 11, respectively (21) (Table I). Since the two instruments eval- 
uated met both these criteria, either can be employed for pharmacokinetic 
studies. 


Urinary Excretion in Humans-The HPLC assay was applied to 
the measurement of the urinary excretion of I in six human subjects 
following administration of a single oral 250-mg dose. Urine samples were 
collected prior to administration (control) and for 8 hr thereafter. Levels 
of unchanged I and I1 were determined by HPLC. The percent of dose 
recovered as 1 within the 8-hr period ranged from 50 to 68% of the ad- 
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0 
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Figure 4-Percent of dose of I and I1 recovered in the urine a t  intervaki 
over 13.00 hr from a human subject following a single 250-mg PO dose 
(* = reported as I equivalent). 


Journal of Rwrmaceutical Sclences f 467 
Vol. 68, No. 4, Aprll 1979 







Table 111-HPLC Measurement of the Urinary Excretion of I and I1 a t  Various Time Intervals in One  Human Subject following a 
250-mg PO Dose 


Hours at Total 
Conclusion of Unchanged I I I b  Dose 


Excretion Total Excreted, % of Dose %of Dose Total Excreted, % of Dose % of Dose Accumulated, 
Interval mg Recovered Accumulated mg Recovered Accumulated % 


1.58 
3.17 
5.00 
6.83 
8.67 


10.00 
12.00 
13.00 
21.50 
24.50 


48.6 19.4 19.4 
82.6 33.0 52.4 
29.1 11.7 64.1 
10.4 4.2 68.3 
5.9 2.4 70.7 
1.6 0.6 71.3 
1.1 0.4 71.7 
0.4 0.1 71.8 


n.m.' 
n.m.' 


6.2 
20.4 
14.1 
8.5 
7.1 
3.0 
2.8 
1 .o 


n.m.' 
n.m." 


2.5 2.5 
8.2 ' 10.7 
5.6 16.3 
3.4 19.7 
2.8 22.5 
1.2 23.7 
1.1 24.8 
0.4 25.2 


21.9 
63.1 
80.4 
88.0 
93.2 
95.0 
96.5 
97.1 


Using filter fluorometer. Reported as I equivalent. ' Not measurable. 


0 2 4 6 8 1 0 1 2  


Figure 5-Plot of the percent of dose remaining to be excreted as I and 
II in the urine of a human subject following a single 250-mg p o  dose. 


ministered dose (Table 11). The recoveries of 11, calculated as equivalents 
of I, excreted within the same period ranged from 22 to 30%. The I levels 
also were measured by the microbiological assay using S. aureus (ATCC 
6538P) as a test organism (22) (Table 11). An excellent correlation ( r  = 
0.985) (21) was obtained for the determination of I by HPLC and bioas- 
say, demonstrating that the two procedures were equivalent. These data 
are in good agreement with previously reported (4) recoveries of 72 f 15 
and 19 i 12.6% for I and 11, respectively, in a 12-hr period following a 
single 500-mg PO dose. 


The urinary excretion of I and I1 also was measured in another subject 
following a single 250-mg PO dose. Ten urine samples were collected a t  
intervals over 24.5-hr, the volume voided was measured, and the speci- 
mens were assayed by HPLC only. Approximately 10096 of the drug was 
recovered in the urine as I and I1 (Table 111 and Fig. 4). A semilogarithmic 
plot of percent of intact I remaining to be excreted uersus time (Fig. 5) 
yielded a linear plot with a slope equivalent to a half-life for I of 1.3 hr. 
The half-life value for I calculated for this subject was in good agreement 
with half-life values reported in the literature (t1h = 1.13.2 hr) (23). The 
penicilloic acid metabolite (11) also exhibited linear elimination charac- 
teristics (Fig. 5). These findings demonstrate the utility of this method 
for clinical pharmacokinetic evaluation. 


0.1 


HOURS 
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Abstract 0 The reaction of 1,3-dimethylphenobarbital (I) with 0.02-0.32 
M KOH in aqueous methanol was studied. The barbiturate ring cleaved 
reversibly a t  the 1,6-position, forming a malonuric acid which was stable 
to further hydrolysis but which could readily recyclize to I. N,N-Di- 
methylethylphenylmalondiamide arose from decarboxylation of the 
carbamic acid formed by a 1,2-ring opening; this irreversible decarbox- 
ylation determined the diamide as the only final reaction product. The 
malonuric acid, which could be isolated in solid form, appeared as N- 
methyl-2-phenylhutyramide (GLC) following thermal decarboxylation 
and degradation of the acid. The I disappearance rate was biphasic, and 
the kinetics were consistent with the described reaction. The individual 
rate constants and the equilibrium constant for the reaction between I, 
the malonuric acid, and hydroxide were determined. 


Keyphrases 0 Dimethylphenobarbital-alkaline hydrolysis, kinetics, 
reaction products 0 Hydrolysis, alkaline-dimethylphenobarbital, ki- 
netics, reaction products o Kinetics-dimethylphenobarbital alkaline 
hydrolysis 


The 5,5-disubstituted barbituric acid alkaline hydrolysis 
has recently received attention (1-5). The pyrimidine ring 
may cleave at  the 1,6-position, yielding a malonuric acid, 
or at the 1,2-position, forming a carbamic acid. Further 
hydrolysis leads to the acetic acid derivative and urea. The 
predominant pathway depends on the barbituric acid 
ionization state (2) and on the C - 5  substituent size (1). 


1,3-Dimethyl-5,5-disubstituted barbituric acid hy- 
drolysis yielded only the N,N'-dimethylmalondiamides 
(6). Neither a malonuric acid nor a carbamic acid was iso- 
lated from the hydrolysis of phenobarbital, its N-methyl 
derivative (7), and 1,3-dimethylphenobarbital (6). A di- 
amide was the main product in 1,3-dimethylbarbital al- 
kaline hydrolysis, which also produced an acid interme- 
diate. Acid intermediates that can recyclize to the parent 
barbituric acids have been reported (2,3). 


As a result of a related study (8), interest arose in the 
base-catalyzed degradation of 1,3-dimethylphenobarbital 
(I) and the alkaline hydrolysis of I in aqueous methanol 
was examined. Initial results were sufficiently different 
from those found with other barbituric acids to warrant 
detailed study. This paper presents a kinetic and product 
analysis investigation of the I reaction with potassium 
hydroxide. 


EXPERIMENTAL 


Materials-Compound I and N-methyl-2-phenylhutyramide (VI) 
were obtained as described previously (8). Compound IV was prepared 
by I hydrolysis in 0.7 M KOH in methanol-water for 24 hr. After acidi- 
fication, the reaction mixture was extracted with chloroform and IV was 
purified by treatment with charcoal' in ethanol. The product, mp 
106-110' [lit. (6) mp 108-109']. was characterized by mass spectrometry 
and yielded a single peak by GLC. Ethylphenylmalonate ethyl ester2 was 
purified by distillation under reduced pressure. 


The malonuric acid (11) was prepared by treating I with 0.1 M KOH 
in methanol-water for a few minutes, acidifying, and extracting with 
chloroform. The organic layer was shaken with pH 7 phosphate buffer, 


Norit-A. Fisher Scientific Co. 
2 Eastman. 


and the chloroform phase was discarded. Compound I1 was then obtained 
by chloroform extraction of the acidified aqueous phase. 


All salts and solvents were reagent grade. 
GLC-GLC3 was performed on a 1.82-m X 2-mm i.d. silanized glass 


column packed with OV-17 on Chromosorb WHP4. The carrier gas was 
nitrogen (30 ml/min). The injection port temperature was maintained 
a t  280°, as was the flame-ionization detector. For detailed reaction 
product examination, the oven temperature was programmed from 160 
to 260' a t  10°/min. In the kinetic studies, it was programmed from 220 
to 260' a t  1O0/min. 


TLC-TLC6 was performed using silica gel sheets with a fluorescent 
indicator6. Petroleum ether (bp 60-110°)-ether (6535) was used to 
separate reaction products. The Rf values were: I, 0.65; VI, 0.15; and IV, 
0.06. In some experiments, ethanol-chloroform was used to isolate I1 (Rf  
0.75). In this latter system, I, IV, and VI moved with the solvent front. 
The compounds were visualized under UV light, and the spots were 
scraped off the sheet and eluted with chloroform or methanol. 


Kinetic Studies-Kinetic measurements were made a t  25' in various 
potassium hydroxide concentrations with potassium chloride added to 


-+-- 
MINUTES 


(C) 


4 


Figure I-Gas chromatograms of the reaction mixture of 1.3-dimeth- 
ylphenobarbital with potassium hydroxide. Key: a, 0.319 M KOH after 
I min; b, 0.0199 M KOH after 2 min; and c, 0.319 M KOH after50 min. 
Peaks in order of increasing retention time are N-methyl-2-phenyl- 
butyramide, internal standard, 1,3-dimethylphenobarbital, and 
N,N'-dimethylet hylphenylmalondiamide. 


Hewlett-Packard 7620A. 
Applied Science Laboratories. 
Eastman chromatogram chamber set. 
Eastman 6060. 
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Table I-Rate and Equilibrium Constants. for  the Reaction of 1,3-Dimethylphenobarbital with Potassium Hydroxide in 50% Aqueous 
Methanol a t  25" 


IKOHI, M X I  A2 k l  k'2 k :< k:$b . K' K d  


0.319 0.101 - 16.gY 3.14/ 0.658n 0.660 16.9 20.6 
0.239 0.0867 - 9.47e 2.35f 0.449g 0.474 16.9 18.6 
0.160 0.0713 - 4.25e 1.56/ 0.275a 0.277 17.0 20.4 
0.0798 0.0486 1.85 1.04 0.738 0.122 0.119 17.6 18.4 
0.0606 0.0373 1.33 0.678 0.607 0.0817 0.0894 18.4 18.8 
0.0399 0.0223 0.600 0.253 0.329 0.0407 0.0430 19.3 16.2 
0.0303 0.0155 0.451 0.164 0.277 0.0252 0.0267 19.5 17.6 
0.0199 0.00761 0.229 0.0685 0.157 0.0111 0.0114 21.9 17.1 


Hate constants are in minutes-'. b Determined from ( X V I P f  )/ I] Calculated from (kllk*)/[KOH). Calculated from ([II]/(I]),../[KOH]. e Extrapolated from 
plot o f  k l  and [KOHI2. / Extrapolated from plot of k2 and IKOH]. 8 kalculated using k l ,  k p ,  and XI. 


maintain a 0.32 ionic strength. Stock 1 solutions were prepared by dis- 
solving 10 mg of I in 5 ml of methanol and diluting to 10 ml with water. 
After thermal equilibration, 0.200 ml of the hydroxide solution in 
methanol-water was added rapidly to 0.200 ml of the stock I solution. 
The solution was mixed7 rapidly and allowed to stand in a constant- 
temperature bath for the required time. 


The solution was then acidified rapidly with hydrochloric acid, 0.400 
ml of  the internal standard solution (ethylphenylmalonate ethyl ester, 
44 mg/lOO ml of chloroform) was added, and the mixture was agitated 
vigorously for 1 min. This volume of solvent and duration of mixing were 
sufficient to extract the reaction products completely from the aqueous 
phase. Immediately after the layers had settled, 4 pI of the chloroform 
solution was injected into the gas chromatograph. 


The I and IV peak height ratios to the internal standard were assumed 
to he proportional to the concentration of these compounds studied (0-0.5 
ppipl). The relative response of I to 1V was determined by comparing the 
peak heights of I aliquots before and after completion of the reaction with 
potassium hydroxide. Since VI  was a decomposition product in GLC and 
tailed on the packing used, peak height ratios were only an approximate 
ineasure of the I1 concentration. 
IH, NMR, and Mass Spectra--IR8 spectra were obtained in potas- 


sium hromide pellets. The NMR9 spectrum was determined in deuterated 
chloroform10 containing 1% tetramethylsilane. Mass spectra were oh- 
tained as described previously (8). 


RESULTS 


Compound I reacted slowly with potassium hydroxide in methanol but 
readily in the presence of water. The hydrolysis was studied in 5096 (v/v) 
methanol-water. 


Hydrolysis Products-When the chloroform extracts of the acidified 
reaction mixtures were injected into the gas chromatograph, three peaks 
in addition to that of the internal standard generally were observed (Fig. 
1 ). On the hasis of retention times and mass spectrometry (8).  the peaks 
were identified as the butyramide VI, I, and the diamide IV, in order of 
increasing retention times. The relative peak heights depended on the 
reaction time and hydroxide concentration. Details are presented under 
Kinotic Studies. 


TLC o f  the extracts using the petroleum ether-ether system showed 
three spots. Upon elution and GLC, two spots corresponded to I and IV, 
;is did the Rf values. The third spot, a t  the origin, did not have the VI R, 
value, although it yielded the hutyramide by GLC. Similar behavior was 
observed with TLC using ethanol-acetone except that the reference I,  
IV, and VI moved with the solvent front, as did all of the reaction mixture 
components except the one that yielded V1 by GLC. Since VI  initially 
increased and then decreased to zero as hydrolysis proceeded, it must 
he derived from an intermediate. 


Compound VI did not appear on the gas chromatograms when the 
reaction chloroform extract was shaken with pH 7 phosphate buffer prior 
to injection. This linding suggested that the VI precursor was acidic. This 
extraction procedure was used as the basis for V I  isolation. 


The 1H spectrum o f  the intermediate was consistent with 11, a malon- 
uric acid formed by 1,6-cleavage of the pyrimidine ring (hroad regions 
centered around 3000 cm-I, 1730 cm-', --COOH; 3280,1680,1635, and 
1530 ern-.', amide functions). Soluhility difficulties precluded ohtaining 
an NMR spectrum. The intermediate melted a t  -115' with effervescence. 
After melting, the product did not correspond on TLC to any of the 


' Vari-M'hirl, VM'H Scientific Inc. " ~'erkin-ISliner 257 grating spectrophotometer. 
9 Vnrian T6O. 


I') Norell Vhemical Co. 


I 
0 20 40 60 


MINUTES 


Figure 2-Rate of change of 1.3-dime~hyphertobnrbilal (a)  and the 
intermediate (as N-methyl-2-phenylbut?/ramide) (b). Key: A (A), 0 239 
M KOH; R ( O ) ,  0.0606 M KOH; and C (A), 0.0303 M KOH. 


previously mentioned compounds, although it yielded VI upon GLC. Its 
Rt value was 0.4 in petroleum ether+ther. An IH spectrum was consistent 
with the acetylureide V; the carboxyl group hands were no longer present, 
but bands a t  3300, 1700, 1655, and 1530 cm-I showed that the amide 
functions were intact. The V structure was confirmed by NMR of material 
purified by TLC: d 7.29 (s, 5H, CeHS), 6.69 (hroad peak, l H ,  NH), 3.77 
(t, IH, CHj, 3.22 (s, GH, NCHnj, 2.87 [d, 3H, N-(H)CHsJ, 1.87 (broad, 
diffuse, probably -CHz-), and 0.88 (t, 3H. C H d .  


The possihility that the intermediate was the carhamic acid derivative 
was ruled out since it would have formed the diamide IV upon decar- 
hoxy lation. 


Samples of I1 gradually produced increasing I quantities on standing 
in methanol or chloroform or on a TLC sheet, indicating the capability 
of the malonuric acid to recyclize hack to I. This recyclization was shown 
to he base catalyzed by treating the isolated intermediate with hydroxide 
for a short time and acidifying. Suhstantial 1 quantities were demon- 


[ K O H I '  


Figure 3.-Plots of kl, k2, and k,% against [ K O H ] ?  ( a )  and [ K O H J  ( b )  
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strated by GLC and TLC. Chloroform extraction of an alkaline (no 
acidification before extraction) I1 solution resulted in all of it being 
converted to I (except for a small amount converted to IV). This finding 
showed that malonurate anion recyclization occurs rapidly and that as 
I is formed it is removed continuously into the organic layer. When I1 was 
allowed to react to completion with potassium hydroxide, only IV could 
be isolated. Scheme I summarizes the previous reactions. 


Kinetic Studies-At all hydroxide concentrations used, the I disap- 
pearance rate and the I1 change rate were biphasic; i e . ,  a rapid change 
was followed by a more gradual one, the final phase being linear on a 
semilogarithmic plot (Fig. 2). The extent of the initial change and the 
terminal phase slope were strongly dependent on the hydroxide con- 
centration. The initial phase was so fast in hydroxide concentrations 
greater than 0.1 M that it could not be followed kinetically. 


The biphasic 1 disappearance could be fitted to: 


[I] = Ae-"[ + Be-X2L (Eq. 1) 


using standard curve-fitting techniques (9); A and B are constants, and 
X I  and X p  are rate constants (arbitrarily X p  > XI). This equation is con- 
sistent with the reaction sequence shown in Scheme 11. 


k'l 
rapid 


Ill - IV 
Scheme I 1  


The constant A is the terminal line intercept a t  t = 0. From the observed 
A,  XI, and X2 values, the rate constants k l ,  kp, and k3  were calculated 
(Table I) using: 


kz  = XI + A ( &  - XI)/ [ IJo (Eq. 2) 


k 3  = hlX2/k2 (Eq. 3 )  


k l  = X I  + X2 - k p  - kn (Eq. 4) 


The rate constants k l ,  k2, and k3  were plotted against various hy- 
droxide concentration functions. The best correlations (Fig. 3) for k l  and 
k p  were: 


k l  = 166[0H-]' t 0.0118 r = 0.996 (Eq. 5 )  


k 2  = 9.97[OH-] - 0.0382 r = 0.993 (Eq. 6) 


No hydroxide function was found that yielded a satisfactory correlation 
with k:$: the plots of k3 uersus [KOH] and [KOHJ2 (Fig. 3) show a definite 
curvature. 


In principle, the rate constants could also be obtained from the I1 rate 
of change with time. However, at  all potassium hydroxide concentrations, 


- 
A I 


I 
NH 


CH, 
VI 


the terminal slope, i.e., XI for the I1 disappearance rate, measured by GLC 
as VI, was slightly higher than the rate for I. This finding was attributed 
to the nonlinearity of the peak height ratios with I1 concentration because 
of column tailing. The error is amplified in obtaining X p .  Since I1 is an 
unstable compound, no standard response on the GLC can be obtained 
and the I1 concentration at the intercept that is needed for the rate 
constant calculation can only be approximated. The response factor was 
approximated by calculating the I1 concentration from the difference 
between the amount of I added and the amount of I unreacted and IV 
formed. 


With the following appropriate relationships: 


k l  = (intercept of terminal line) X ( A 2  - hl)/[l]o (Eq. 7) 


k2  + k3  = X I  + - k l  (Es.  8)  


kpk3 = X1X2 (Eq. 9) 


k l ,  kp. and k:$ can be estimated from the corrected peak height ratios. For 
example, for the reaction in 0.0606 M KOH, X I ,  Xz, k l ,  k p ,  and k 3  were 
estimated to be 0.0421,1.05,0.558.0.436, and 0.102 min-l, respectively, 
compared to 0.0373, 1.33, 0.678, 0.607, and 0.0817 min-', respectively, 
obtained for the I rate of change. The agreement is reasonable considering 
the approximations made; the data are consistent with the reactions in 
Scheme 11. 


Since the 111 to IV conversion is rapid, the IV formation rate is pro- 
portional to the I concentration. Therefore, approximate values for k3  
can be derived using: 


(AIV/At)/[I] 2 k3 (Eq. 10) 
By using increments of IV and time from [IV] uersus t plots. approximate 
k3 values were calculated (Table I). The agreement with the k3  values 
obtained by the previous method is remarkable but to some extent for- 
tuitous. 


Since d[lI]/dt = k l [ I ]  - k2[IIJ = 0 a t  the maximum of the plot of [ I l l  
uersus time, and since k l  is proportional to [KOH12 and kp is proportional 
to [KOHJ, Eq. 11 can be derived: 


([IIl/[I])max/[KOHJ = (k,/k,)/[KOH] = K (Eq. 11) 


where K is the equilibrium constant for the reaction between I and I1 and 
([Il]/[l]),,, is the ratio of the I and I 1  concentrations a t  the maximum 
in 11. Values of K obtained in this way using the maximum obtained 
graphically are listed in Table I, as are values of (k I/k2)/[KOHJ. Although 
there is a 12-fold change in hydroxide concentration, the values of K are 
reasonably constant. 


Although X p  could not be obtained directly from the experimental data 
for  the higher hydroxide concentrations, the rate and equilibrium con- 
stants were estimated as indicated in the footnotes of Table I. 
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DISCUSSION 


Unlike I-methylphenobarbital and phenobarhital itself (7), I alkaline 
hydrolysis yielded only the substituted diamide IV. Although this com- 
pound could be the result of decarboxylation of a carbamic acid inter- 
mediate formed by a 1,2-ring opening, the acid intermediate actually 
isolated was identified as a malonuric acid formed by a 1,6-ring opening. 
The formation of the diamide as the sole final reaction product is in 
agreement with a previous report (6), although no acid intermediates were 
isolated in that work, probably due to the relatively low hydroxide con- 
centrations used and to the reaction mixture manipulation. 


The malonurate (11) did not decarboxylate but recyclized to the parent 
harhituric acid. The overall irreversibility of IV hydrolysis was due to the 
decarboxylation of a carbamic acid, which was too unstable to isolate. 
Phenobarbital and its N-methyl derivative yielded acetylureides and 
diamides, but no malonuric acids (7), upon hydrolysis. The simplicity 
of I hydrolysis is due to dimethylated diamide and malonuric acid sta- 
bility. A diamide is the only product of 1,3-dimethylbarhital hydrolysis 
(3). An acid intermediate proposed to be a carbamic acid could be a 
inalonuric acid in rapid equilibrium with the barbituric acid. 


A malonurate anion would not be expected to recyclize readily, hut 
similar compounds form cyclic products. Diethylacetylurea cyclizes to 
barbital (2). 2-ureidohenzoate forms 2.4-dihydroxyquinazoline a t  a rate 
proportional to the hydroxide-ion activity (lo),  and 2-iodo-3-ureido- 
propionic acid yields 2-amino-2-oxazoline-3-carboxylic acid (1 1). 


The observed reaction kinetics of I with hydroxide are consistent with 
the reaction sequence in Scheme I and agree with the qualitative obser- 
vations that ring opening occurs predominantly at  the 1,6-position. This 
is the first report of a biphasic decrease in barbiturate concentration upon 
alkaline hydrolysis, and its observation is due in part to the reaction 
mixtures being analyzed by a technique that permits separation of 
products. The simplicity of the reactions enabled the rate constants and 
equilibrium constant to be determined. The terminal disappearance of 
the barbituric acid is not a simple function but depends on all of the rate 
constants in Scheme 11. 


The rate of I1 formation is dependent on the second power of the hy- 
droxide concentration. This result can be explained by tetrahedral 
complex formation hetween I and hydroxide ion, followed by a base- 
catalyzed ring opening to the malonurate. Such a sequence was proposed 
(12) for barbituric acid hydrolysis. The reverse reaction cyclization would 
have to be first order in hydroxide concentration, as was observed in this 
study. 


The lack of a simple k 3  dependence on hydroxide concentration 
probably reflects the fact that the irreversible step is complex, involving 


ring opening and decarboxylation. Although a carbamic acid was not 
isolated in this work, it may be present in the reaction mixture and un- 
dergo decarboxylation during the workup. In view of carbamic acid in- 
stability, the quantity would be insignificant. 


Although the reaction rate of I is biphasic, this behavior becomes 
modified at the lower and higher hydroxide concentrations and ap- 
proaches first-order kinetics. Therefore, the complex behavior observed 
in the hydrolysis of barbituric acids possibly could be explained by closer 
examination of the experimental data. 


The pyrimidine ring in 1,3-dimethylphenobarbital is preferably cleaved 
a t  the 1,6-position, as established by detailed kinetic studies, whereas 
final product analysis could lead to the conclusion that ring opening nc- 
curs a t  the 1.2-position. This system may serve as a useful model for a 
study of the effects of substituents a t  the 5 carbon without the compli- 
cations of ionization or degradation to a large number of products. 
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The last chapter is on drug interactions, and its purpose is to survey 
mechanisms and factors involved in drug interactions. 


Finally, the book contains two appendixes: drug metabolism and in- 
activation, and drug-induced effects on laboratory diagnostic tests. 


The author succeeded in accomplishing his objective in the preparation 
of this book. Moreover, this book will prove to be beneficial not only to 
practicing pharmacists but also to other professionals who need updating 
in medicinal chemistry. 


Reviewed by Jaime N. Delgado 
College of Pharmacy 
University of Texas 
Austin, T X  78712 


Drug Fate and Metabolism: Methods and Techniques, Vol. 2. Edited 
by EDWARD R. GARRETT and JEAN L. HIRTZ. Dekker, 270 
Madison Ave., New York, NY 10016. 1978.382 pp. 14 X 23 cm. Price 
$39.50. 
This volume is the second in a series dealing with drug fate and me- 


tabolism, including such topics as spectroscopy, stereochemistry, and 
the mechanisms of drug action. Emphasis is placed on methods rather 
than on theory. The book is divided into six chapters, each of which is 
authored by scientists having expertise in a specific area of drug meth- 
odology. 


Chapter 1 emphasizes the application of voltammetric methods to drug 
analysis. Chapter 2 discusses the use of derivatization, detection, and 
metabolic transformation in GLC. The authors include an excellent lit- 
erature reference list of various drugs analyzed by GLC. Chapter 3 de- 
scribes stereochemical methodology, especially the discrimination of 
diastereoisomers and enantiomers. Chapter 4 reviews the physico- 
chemical, instrumental, and experimental features of fluorescence 
spectroscopy. Chapter 5 describes the use of nonradioactive immu- 
noassays, including viroimmunoassay and enzymoimmunoassay. Chapter 
6 discusses the isolation, separation, and assay methods for the analysis 
of glucuronic acid conjugates. 


Although the main emphasis of this book is geared toward the research 
scientist, it is a valuable supplement for students interested in toxicology, 
analytical chemistry, and pharmacology. 


Reviewed by Gerald W. A. Slywka 
School of Pharmacy 
Ferris State College 
Rig Rapids, MI  49307 
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clearly demonstrates that  for each sample the ratio of the diastereomeric 
esters produced is identical to the  ratio of enantiomers present in the 
original sample. If ,  however, enantiomerically impure (.'7)-(+)-11 were 
used, the slope of the line in Fig. 2 would he less than 0.5 and could be 
calculated from: 


(Eq. 3 )  


Table I shows the results of the liquid chromatographic analysis of five 
samples of (S)-(+)-l (80% enantiomerically pure). T h e  da ta  clearly 
demonstrate the excellent reproducibility of the  method. This  result is 
expected since the measurement is not dependent on quantitative re- 
covery of 111 but rather involves comparison of relative peak areas of two 
closely eluting diastereomers. T h e  applicahility of this method to other 


enantiomeric purity of ( .S)-(+)-Il  
200 


slope = 


A 


carboxylic acids of this type (Structure  A) can only be speculative hut  
is perhaps not  unlikely if R1 and  RP are  sufficiently dissimilar. 
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Stability of E-Type Prostaglandins in Triacetin 
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A b s t r a c t  A drug delivery system for R-type prostaglandins is de-  
scribed. In this system, consisting of drug dissolved in triacetin and filled 
into soft gelatin capsules, normally unstable prostaglandins show ex- 
cellent stability a t  room temperature. 


Keyphrascs Prostaglandins, R type--stability in triacetin drug de-  
livery system n Stability-E-type prostaglandins in triacetin drug de-  
livery system 0 Delivery, drug-E-type prostaglandins in triacetin sys- 
tem, stability 


Prostaglandins are a class of biologically active com- 
pounds with a wide spectrum of pharmacological re- 
sponses. Their application in human reproduction (1) and 
antiulcer therapy (2) demonstrates their clinical useful- 
ness. The general instability of prostaglandins has resulted 
in the arduous task of developing stable formulations for 
biological, toxicological, and clinical testing. 


The number of asymmetric carbon centers in the mol- 
ecule can result in the formation of stereoisomers through 
various degradative pathways. For example, in the F series, 
dinoprost (prostaglandin F?,,, undergoes acid-catalyzed 
epimerization to form the 15-epi derivative (3). Prosta- 
glandins of the E series [e.g. ,  prostaglandin El and pros- 
taglandin E2 (dinoprostone)] are more labile due to the 
facile dehydration of the 11-P hydroxyl group in the cy- 
clopentanone ring, forming prostaglandins of the A series; 
in some cases, subsequent isomerization to B series pros- 


n 


I1 I 


T a b l e  I-Stability of 11 in T r i a c e t i n  


Triacetin Soft Elastic 
Tempera- Solution, Capsuleb, 


Time ture  '16 label" % label 


Initial 4" 102 100 
1 month 4 O  102 108 
3 months 4" 103 98.8 
6 months 4" 105 91.1 
9 months 40 108 105 


12 months 4" 98.7 106' 
Initial 25" 102 100 
1 month 25" 98.8 95.3 
3 months 2.5" 103 93.5 
6 months 25" 1 02 87.9 
9 months 25" 103 100 


12 months 25" 94.7 94.5 
Initial 40" 102d 100 
1 month 40" 99.1 101 
3 months 40' 87.7d 91.5 
6 months 40" 87.Rd 70.3 


0 Average values lrom theoretical roncentrationa i i f  0.5 and 2.2 mg/ml unless 
otherwise indicated. Theoretiral ronrentration was 0.85 ni#/ml. Value was for 
1 1  months. d Value from a theoreticnl concentration i i l 2 . 2  mg/ml. 


taglandins occurs (4). Recently (5), a more detailed kinetic 
scheme was elucidated for the decomposition of prosta- 
glandins El and E2 to include other degradative steps 
leading to the formation of 8-iso, 15-epi, and 13,15-rear- 
rangement products of the respective prostaglandins. 


This paper reports the use of triacetin for stabilizing 
stock solutions of (lfjR)-15-methyl prostaglandin E2 
methyl ester ( I )  and 16,16-dimethyl prostaglandin EZ (11) 
for experimental studies and in dosage form design. 
Nonaqueous solvents usually are employed for solubilizing 
water-insoluble drugs (6,7). With prostaglandins, a variety 
of solvent vehicles also was employed to enhance stability 
(8) and to  provide a milieu for rapid drug dissolution. 
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Figure 1-Stability v f I  in the solid state and triacetin solutions. Data 
for solutions are average values for theoretical concentrations from 0.10 
to 12 mglml. Key: 0,25’ hulk drug; ., 47’ hulk drug; 0 , 2 5 ’  triacetin 
solution; and @, 47’ triacctin solution. 


EXPERlMENTAL 


Materials-Compounds I (9) and I1 (10) were synthesized’ as de- 
scribed previously. Triacetin* was purchased. 


Stability Studies-Both I and I1 were tested for stability as hulk drug 
and in triacetin solution. Stability? was monitored a t  4,25, and 47’ for 
up to 12 months (Table I and Fig. 1). 


1 At The U john Co 
2 Aldrich &emical& or Union Carbide Chemicals Co.. New York. N.Y. 
3 Analyses were performed hy the Control Ilivision, The Upjohn Co. ,  using 


high-pressure liquid chromatography. 


RESULTS AND DISCUSSION 


The solid-state stability of I is shown in Fig. 1. Degradation occurred 
a t  47 and 25’. At these temperatures, the drug was stable a t  early times 
and then rapidly decomposed. As the prostaglandin degraded, a physical 
transformation of the solid resulted, producing an oil phase. The marked 
change in the slopes a t  25 and 47’ may have been due to subsequent ca- 
talysis by the decomposed liquid phase. In sharp contrast to the stability 
of bulk drug, I was quite stable in triacetin solutions at  25O, and there was 
a marked improvement of stability a t  the elevated temperature of 47’ 
(Fig. 1). 


Table I shows the stability of another E series prostaglandin drug in 
triacetin. Analysis of these data further substantiates the stability- 
enhancing property of this solvent. Triacetin dosage forms prepared with 
I1 were clinically effective as inhibitors of simulated gastric secretion in 
humans, indicating that the drug is bioavailable from these dosage forms 
(11). 
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Fluorinated Phenytoin Anticonvulsant Analogs 
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Abstract 0 Six ring-fluorinated phenytoin analogs were synthesized, 
and their anticonvulsant activity in the maximal electroshock seizure and 
subcutaneous pentylenetetrazol assays was determined. 5-(4-Fluoro- 
phenyl)-5-phenylhydantoin, 5-(3-fluorophenyl)-5-phenylhydantoin, and 
5,5-bis(4-fluorophenyI)hydantoin were active in the maximal electroshock 
seizure assay. The compounds were much less potent than phenytoin hut 
showed an extremely long duration of action. 


Keyphrases 0 Phenytoin analogs, fluorinated-synthesized, evaluated 
for anticonvulsant activity in mice 0 Anticonvulsant activity-fluo- 
rinated phenytoin analogs evaluated in mice Fluorinated phenytoin 
analogs-synthesized, evaluated for anticonvulsant activity in mice 
Structure-activity relationships-fluorinated phenytoin analogs eval- 
uated for anticonvulsant activity in mice 


Phenytoin (5,5-diphenylhydantoin) has been used as 
an effective agent for the treatment of many different 
seizure disorders for about 40 years. The principal route 


of metabolism in humans and dogs is para-hydroxylation, 
affording optically active 5-(4-hydroxyphenyl)-5-phen- 
ylhydantoin (1,2). This compound is eliminated as a uri- 
nary conjugate, making up 60-70% of the daily dose (2). 
Other metabolites of aromatic hydroxylation also have 
been reported, including 5-(3-hydroxyphenyl)-5-phen- 
ylhydantoin (3), 5-(3-dihydroxyphenyl) -5-phenylhydan- 
toin (4, 5), 5,5-bis(4-hydroxyphenyl)hydantoin (6), 5- 
(3-methoxyphenyl)-5-phenylhydantoin (4, 5), and the 
dihydrodiol 5-(3,4-dihydroxy-1,5-cyclohexadienyl)-5- 
phenylhydantoin (7). Further oxidized phenytoin conju- 
gates, a trihydroxyphenytoin glucuronide and a dihy- 
droxymethoxyphenytoin glucuronide, were identified as 
metabolites of 5,5-bis(4-hydroxyphenyl)hydantoin (6). 


Since the primary route of metabolism, aromatic hy- 
droxylation in the para-position, provides inactive me- 


0022-354917910 100-0 I t 5$0 ?. 001 0 
@ 1979, American Pharmaceutical Association 


Journal 5f Pharmaceutical Sciences i 115 
Vol. 68, No. 1. January 1979 












Antibacterial and Antifungal Activities of Isatin 
N-Mannich Bases 
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~~ 


Abstract The antimicrobial and antifungal activities of 29 congeneric 
isatin N-Mannich bases were investigated by testing against standard 
test microorganisms and 21 pathogenic Gram-negative microorganisms. 
Considerable growth inhibition of Gram-negative bacteria and yeasts 
and slight inhibition of Gram-positive bacteria resulted when they were 
treated with the various N-Mannich bases of isatin and 5-nitroisatin, 
respectively. 


Keyphrases 0 Isatin N-Mannich bases-screened for antimicrobial and 
antifungal activities o Nitroisatin N-Mannich bases-screened for an- 
timicrobial and antifungal activities o Antimicrobial activity-series 
of isatin and 5-nitroisatin N-Mannich bases screened 0 Antifungal ac- 
tivity-series of isatin and 5-nitroisatin N-Mannich bases screened 


Interest in biologically active isatin (indole-2,3-dione) 
derivatives, particularly hydrazones, is increasing (1, 2). 
The biological activities of isatin-3-0 -nitrophenylhydra- 
zones against the Walker carcinosarcoma 256 were re- 
ported (3). Results indicated that all compounds except 
the parent compound, i.e., isatin-3-0-nitrophenylhydra- 
zone, were inactive. Methyl and ethyl derivatives of some 
isatin-3-thiosemicarbazones, however, were more active 
biologically than the parent compound (4). 


Preliminary screening results for antiviral, antibacterial, 
and antifungal activities of some isatin N-Mannich bases 
were reported (5) .  Isatin N-Mannich bases with morpho- 
line and piperidine moieties as amino components showed 
some activity against certain Gram-negative bacteria but 
were inactive against tested fungi and yeasts. 


This study concerns a series of structurally related N- 
Mannich bases of isatin that have not been tested for an- 
timicrobial and antifungal activities. This series includes 
a group of compounds substituted in position 1 (Mannich 
bases) and a group substituted in positions 1 and 3 
(Mannich base hydrazones)’ (6). All compounds were 
tested against various microorganisms. 


EXPERIMENTAL 


Materials-lsatin N-Mannich bases (Table I) were prepared ac- 
cording to the previously described procedure’ (6). 


Test Microorganisms-Compounds I-XXIX were subjected to an- 
tibacterial and antifungal screening procedures against the following test 
microorganisms*: Micrococcus fI0vu.s (ATCC 10240), Sarcim lutea (FDA 
1001). Sarcina lutea (ATCC 9341), Staphylococcus albus, Staphylo- 
coccus aureus (ATCC 209-P), Staphylococcus aureus (ATCC 6538-P), 
Staphylococcus epidermidis (ATCC 12228), Streptococcus faecalis 
(ATCC 8043), Brucella bronchiseptica (ATCC 4617), Escherichia coli 
(99-l), Escherichia colt (ATCC 10536), Klebsiella pneumoniae (ATCC 
10031), Mycobacterium smegmatis, Candida albicans, and Candida 
monosa. 


The following pathogenic microorganisms were used? Aerobacter 
aerogenes (two strains), Escherichia coli (13 strains), Klebsiella sp. (one 


1 See M. Movrin and M. MediC-SariC. Eur.,J. Med. Chem., 13.309 (1978). 
2 Obtained from ATCC, FDA, and the Inatitute for the Control of Drugs. 


Obtained from the Microbiological Laboratory at the hospital “Dr. Omen 
Novosel,” Zagreb, Yugoslavia. 


strain), Proteus mirabilis (two strains), Proteus morganii (one strain), 
and Pseudomonas aeruginosa (two strains). 


Assay-Preliminary assays were performed with 15 Gram-negative 
and Gram-positive microorganisms grown on a g d .  The diffusion tech- 
nique generally used for antibiotic screening w a ~  adopted both for growth 
inhibition studies and determination of the minimum inhibitory con- 
centration. Stock solutions (1 mg/rnl) of the compounds were prepared 
in 96% ethanol (I-XI11 and XVI-XXV) or dimethylformamide (XIV, 
XV, and XXVI-XXIX). Working solutions of 0.5 and 0.25 mg/ml were 
prepared by dilution of stock solution with pH 7.4 phosphate buffer. 
Paper disks were immersed into these solutions, drained, and placed onto 
the nutrient surface. 


The cupp la t e  technique was used to determine minimum inhibitory 
concentrations. Several dilutions containing 0.06,0.125,0.25,0.50, 1.0, 
2.5, 5.0, 10.0, 20.0, 40.0, 62.5, 125, and 250 pg of compounds/ml were 
prepared, and 100-pl portions were transferred to 9-mm diameter holes 
cut into the agar plates with a micropipet. Compounds that had a strong 
inhibitory effect in preliminary testing were retested against the second 
group of microorganisms. These tests were made at two concentration 
levels, 10.0 and 0.125 pglml, respectively. In all testa, the cultures were 
incubated a t  37’ for 16-18 hr before the diameters of inhibition zones 
surrounding each disk or hole were measured. 


RESULTS AND DISCUSSION 


Preliminary values for growth inhibition of different microorganisms 
treated with isatin and nitroisatin derivatives are given in Tables I1 and 
111. Most isatin N-Mannich bases strongly inhibited Gram-negative 
bacteria and fungi but only moderately inhibited the growth of Gram- 
positive bacteria (Table II). Compounds V, VI, and XI11 were more active 
against M. flauus, a Gram-positive microorganism, than against some 
Gram-negative bacteria, as evidenced by the relative size of the inhibition 
zones. Compound XI11 was particularly active against all test organisms, 
and VII was active against all test organisms but M. flavus. 


In several instances, the diameters of the inhibition zones with various 
concentrations of the test compounds did not differ markedly, e.g., for 
X against E. coli (99-1), K. pneumoniae, and C. monosa; for XI against 
C. monosa; and for XI11 against M. flnuus and S. lutea (ATCC 9341). The 
inhibition zones increased with a decrease in concentration for some 
compounds, e.g., V against E. coli (ATCC 10536 and 99-1), B. bron- 
chiseptica, and C. albicans; VII against S. lutea (ATCC 9341), E. coli 
(ATCC 105361, C. albicans, and C. monosa; X against M. smegmutis and 
C. albicans; XI against M. flauus and K. pneumoniae; XI11 against S. 
lutea (ATCC 93411, E. coli (99-1); and XV against E. coli (ATCC 10536 
and 99-1). 


Table 11 also shows that most isatin nitrogen mustards (IV, VIII, XII, 
and XVII) were least active against all tested microorganisms. Compound 
IV showed slight inhibition against K. pneumoniae except a t  the highest 
concentration (1 mg/ml). Compounds VIII, XII, and XVII were active 
a t  the highest concentrations against the acid-fast M. smegmatis. Fur- 
thermore, XI1 showed some activity against B. bronchiseptica a t  both 
0.5 and 1 mg/ml. C. monosa was inhibited a t  the lowest concentration 
by XVII. 


Compound 111, closely related structurally to nitrogen mustards, 
showed some activity against K. pneumoniae a t  the maximum concen- 
tration, but XVI was inactive. Compound IX was active against Gram- 
positive M. flauus a t  two concentrations. The observed dependencies of 
inhibition zones on the concentration of the test compounds could be 
attributed to effects of solvent interaction with test compounds and/or 
limiting solubility of the test compounds in agar, as was found with XVI 
and XVIII, which partially precipitated. 


Difco. 
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Table I-Synthesized Isatin N-Mannich Bases Kl 


Compound RI K:, R.1 Reference 


n 
CH.N 0 0 H 7 u I 


I1  


111 
IV 
V 


VI 


VII  


VIII 
IX 
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XI 


XI1 
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XIV 


xv 
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XVIII 


XIX 


xx 
XXI 


XXII 
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0 NO2 9 


0 NO;? 
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NNHCH3 


NNHCH.1 


NNHCH.1 


NNHCH.1 
NNHCSNH;! 


(1 NNHCSNH:, NO1 - 


NNHCSNH;? NO;? - a 


a XXIX CH:,N(CHrCH2C1)2 NNHCSNHP NO2 - 


0 M Movrin and M Medic-$ark,  Eur J Mrd Chem , 13,309 (1978) 


Table I11 shows that of 12 5-nitroisatin derivatives, only XXVI-XXIX 
inhibited considerably the acid-fast bacteria, the Gram-negative bacteria 
except B. bronchiseptica, and the test fungi. The same compounds, ex- 
cept XXVII and XXVIII, were inactive against the Gram-positive bac- 
teria; XXVII and XXVIII showed some activity against S. aureus (ATCC 
6538-P) and S. epidermidis. Compounds XVIII-XXV did not show any 
inhibition except XVIII, which affected the growth of K. pneumoniae. 
Compounds XX and XXV were completely inactive in alI concentrations 
against any tested microorganism. 


The diameter of inhibition zones increased with a decrease in con- 
centration with XXVI against K. pneumoniae and C. monosa, with 
XXVII against E. coli (ATCC 10536), and with XXVIII against E. coli 
(99-1), K. pneumoniae, C.  albicans, and C. monosa. Compounds 
XXII-XXV did not show any effect against the test microorganisms, 
except XXII and XXIV very slightly inhibited B. bronchiseptica and 
XXIII inhibited S. lutea (ATCC 9341). 
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Compounds XVIII-XXI did not show any inhibition against M. 
smegmatis, E. coli, and fungi. These compounds showed the strongest 
resistance with S. lutea (ATCC 9341), S. aureus (ATCC 209-P), S. albus, 
S. faecalis, and M. flauus. 


Based on the results presented in Tables I1 and 111, the 12 most bio- 
logically active substances, Le., V-VII, X, XI, XIII-XVIII, and XXIX, 
were further tested to determine their minimum inhibitory concentra- 
tions. Three Gram-negative bacteria, i.e., E. coli (99-1), E. coli (ATCC 
10536), and K. pneumoniae, which were maximally inhibited in the 
presence of these substances, were used for minimum inhibitory con- 
centration determinations. The results obtained are depicted in Fig. 1. 


E. coli (99-1) was inhibited by all compounds a t  0.125 pg/ml. The 
demonstration of strong antibacterial activity by the 12 compounds in- 
cluded in Fig. 1 stimulated interest to test some pathogenic strains of the 
Gram-negative bacteria. Of the 13 pathogenic E. coli strains, seven were 
strongly inhibited by all compounds (I-XXIX). Five other strains were 
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Table 111-Antibacterial and Antifungal Activities of 5-Nitroisatin N-Mannich Bases8 
Diameter of Inhibition Zones, mm X 10 


- 


S. aureus (ATCC 
Comoound S. lutea (FDA 1001) 6538-P) S. eoidermidis M .  smeEmatis E .  coli (ATCC 10536) 


- 
E 
m a 
2 1.50- 
l- 


fL 
I- z 
W 
0 1.00- z 


. 
0 
a 


8 


0.50- 


C.  albicans 
XVIII 


X I X  
XX 


XXI 
XXII  


XXII I  
XXIV 
xxv .... 


- 201 195 188 170 185 202 
- 245 260 260 202 220 238 
- 228 168 165 215 160 160 
- 188 205 210 170 175 - 


- I60 180 185 203 202 196 - XXVI 
170 190 195 208 212 220 - XXVII 
180 175 165 212 191 191 - XXVIII  


XXIX 148 170 190 206 200 298 - 
- 
- 
- 


Concentration" TI 7'2 T:, TI Tz Ta T I  T;! 7'3 T I  7'2 TB TI T2 T R  
" f = minimally observable inhibition, and - = no inhibition. * TI = 0.25 mg/ml, T2 = 0.5 mg/ml, and 71R = 1 mg/ml. 2'51 2.00 


0.06 0.25L V V I  L X L X I  X l l l  X I V  x v  E . X V I  B X V l l  


COMPOUND 
Figure 1-Minimum inhibitory concentration against Gram-negatiue bacteria. Key: 0 ,  E. coli (ATCC 10536); ., E. coli (99-1 1; and a, K. pneu- 
moniae. 
moderately resistant and one E. coli strain was highly resistant to the (4) D. J. Bauer and P. W. Sadler, Br. J. Pharmacol., 15, 101 
action of any  isatin derivative a t  1 mg/ml. 


Compounds I-XXIX also were tested against P. mirabijis but anti- (5) R. S. Varma and W. L. Nobles, J. Med. Chem., LO, 972 (1967). 
microbial activity was not observed a t  1 mg/ml or less. (6) M. Movrin, M. JakSevac, and M. MediC-SariC, Acta Pharm. Ju- 


( 7 )  H. Hellmann and J. Loschmann, Chem. Ber., 87,1684 (1954). 
(8) G. R. Pettit and J. A. Settepani, J. Org. Chem., 27, 1714 


(9) H. Rupe and E. Stocklin, Helu. Chim. Acta, 7,566 (1924). 


(1960). 


gosl., 26.67 (1976). 
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Abstract  0 In the conscious dog, the most apparent oxybutynin effect 
was a dose-related tachycardia. Associated with this heart rate increase 
were a very slight, sometimes significant, elevation in diastolic pressure 
and an insignificant increase in systolic pressure. Under pentobarbital 
anesthesia, the systolic/diastolic arterial pressure oxybutynin responses 
were reversed and showed a dose-related systolic and diastolic hypo- 
tension. However, the tachycardic response to oxybutynin stiU appeared. 
The arterial pressure and heart rate responses produced by the autonomic 
agents were altered by the oxybutynin treatment in a pattern indicative 
of an anticholinergic mechanism of action. Differences in many response 
profiles were observed with either conscious or anesthetized dogs, but 
the statistically significant inhibition of the acetylcholine-induced systolic 
and diastolic arterial pressure and bradycardic responses were constant 
in both conditions. Oxybutynin is an anticholinergic agent with mild to 
moderate cardiovascular activity. 


Keyphrases 0 Oxybutynin-effect on autonomic functions in conscious 
and phenobarbital-anesthetized dogs 0 Autonomic functions-effect 
of oxybutynin, conscious and phenobarbital-anesthetized dogs Phe- 
nobarbital-effect on oxybutynin response, autonomic functions, dogs 


Previous studies indicated that the tertiary amine ox- 
ybutynin chloride (4-diethylamino-2-butynyl a-phenyl- 
cyclohexaneglycolate hydrochloride) had a weakly anti- 
cholinergic mechanism of action. In an anesthetized dog, 
a cumulative intravenous dose of 750 pg/kg (last dose of 


Table I-Effects of Graded Intravenous Oxybutynin Doses on 
Mean Basal Level and Mean Response Amplitude in S ix  
Conscious Beagle Dogs 


Heart Respiration 
Rate, Rate, 


Treatment m m H e  m m H e  min min 
Systolic, Diastolic, beats/ breaths/ 


Basal level 133 (8.9)O 87 (6.2) 107 (5.3) 42 (5.5) 
Oxybutynin 


0.1 mg/kg +5 (3.4) +1 (0.8) +1 (2.6) +8 (4.3) 
0.3 mg/kg +3 (4.3) +2' (0.7) +21b (5.5) +6 (5.9) 
1.0 mg/kg +9 (5.9) +6b (2.4) +35b (11.8) +2 (0.9) 
3.0 m e k e  -7 (8.8) +3 (6.7) +52' (12.5) +7 (3.5) 


~ ~~ ~ 


a Standard errors are given in parentheses. ' p 5 0.05. 


Table 111-Effects of Graded Intravenous Oxybutynin Doses 
on Mean Basal Level a n d  Mean Response Amplitude in Six 
Anesthetized Beagle Dogs 


Heart Respiration 
Rate, Rate, 


Systolic, Diastolic, beats/ breaths/ 
Treatment mmHg mmHg min min 


Basal level 125 (9.5)O 89 (9.3) 140 (8.2) 22 (5.1) 
Oxybutynin 


0.1 mg/kg 0 +2 (1.1) +4 (2.4) +1 (0.7) 
0 +1 (2.2) +1 (0.3) 0.3 mg/kg 


1.0 mg/kg -8 (4.6) -5 (3.2) +12b (2.0) +1 (0.6) 
3.0 mg/k -30b (6.2) -26b (5.8) +25b (5.7) +6 (2.9) 
10.0 mg/&g -31b (2.4) -37b (3.7) +1 (3.5) +17b (6.3) 


a Standard errors are given in parentheses. * p 5 0.05. 


400 pg/kg) completely blocked the hypotensive acetyl- 
choline-induced response and partially (60%) inhibited the 
hypotensive response to vagal stimulation. Atropine, 10 
pg/kg, produced a 66% reduction of the vagal blood pres- 
sure response and a 30% inhibition of the acetylcholine 
depressor response. 


The physiological state of the experimental preparation 
can influence the quality and amplitude of a response 
profoundly. In the anesthetized dog, the alkaloid ibogaine 
produced a marked hypotension, which was not evident 
in the conscious dog (I). In anesthetized dogs, the alkaloid 
yohimbine lowered arterial pressure due to a peripheral 
tu-adrenergic blocking effect (2). In these same animals, 
while conscious, an equivalent intravenous yohimbine dose 
produced a hypertension and tachycardia; both responses 
endured for 30 min or longer. The response from the con- 
scious dog was an expression of the yohimbine central 
sympathetic nervous system stimulating effect, which was 
not evoked in the anesthetized (barbiturate) animal. 


A recent study in chronically prepared dogs investigated 
anesthesia influence on cardiovascular responses to 
cryptenamine, an alkaloid from Veratrurn ueride (3). In 


Table 11-Effects of a Cumulative Oxybutynin Dose of 4.4 mg/kg iv on Autonomic Response in Six Conscious Beagle Dogs 


Treatment 
Systolic, 
mm He 


Diastolic, 
rnm Ha 


Heart Rate, Respiration Rate, 
b e a t s h i n  breathshin 


Bilateral carotid occlusion 
Tyramine 
Acetyl choline 
E inephrine 
ds t amine  
Norepinephrine 
Is0 roterenol 5-l-fydrox ytr y ptamine 
Bilateral carotid occlusion 
Tyramine 
Acetylcholine 
Epinephrine 
Histamine 
Norepinephrine 
Iso roterenol 5-l-fydroxytr yptamine 


+92 (73)" 
+58 (18.8) 
-21 (6.1) 
+33 (4.9) 
-26 (2.4) 
+34 (4.7) 
-29 (8.6) 
+29 (9.2) 


+48 (17.4) 
+75 (21.3)b 
-11 (4.3)b 
+42 (11.8) 
-30 (3.5) 
+32 (6.3) 
-36 (8.9) 
+17 (5.9) 


Control Response 
, .  


+22 (4.6) ' 
-17 (5.3) 
+21 (3.5) 
-23 (3.1) 
+18 (7) 
-30 (8.8) 
+13 (5.1) 


After Oxybutynin 
+33 (8.3) 
+42 (9.8)* 


+27 (f1.2)~ 
-35 (6.8) 
t 14 (5.4) 
-55 (8.4)' 
+9 (4.3) 


-3 (4.9)b 


+20 (12) 
+18 (3.6) 
+20 (11.3) 
+11 (5.7) 
+48 (10.7) 
-2 (1.9) 


+78 (13.8) 
+12 (10.5) 


-4 (4.9) 
+3 (1.3)b 
+4  (7.6) 
-1 ( 4 ) b  


+83 (1gi4)' 
-28 (1) 
+54 (11.1) 


-4 (4.3) 


+2 (1) 
+1 (0.8) 
+4 (1.2) 
+4  (5.4) 
+1 (1) 
+5 (2.3) 


+23 (7.4) 
-2 (4.3) 


+1 (1.8) 
+11 (6.7) 
-10 (9.1) 
+13 (10.2) 


-3 i4.4) ' 


+4 (2.4) 
+12 (9.2) 
+8 (10) 


Standard errors are given in parentheses. * p 5 0.05 
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Table IV-Effects of a Cumulative Oxybutynin Dose of 14.4 mg/kg iv on Autonomic Response in  Six Anesthetized Beagle Dogs 
~~~ ~ ~ 


Systolic, Diastolic, Heart Rate, Respiration Rate, 
Treatment mm Hg mm Hg bea ts/m in breathshin 


Bilateral carotid occlusion 
Tyramine 
Acetylcholine 
Epinephrine 
Histamine 
Norepinephrine 
Isoproterenol 
5-Hydroxytryptamine 


Bilateral carotid occlusion 
Tyramine 
Acetylcholine 
Epinephrine 
Histamine 
Norepinephrine 
Is0 roterenol 
5-l!ydroxytryptamine 


+11 (6.7)' 
+122 (30.5) 
-26 (2.4) 
+33 (7) 
-24 (3.3) 
+39 (5.2) 
-32 (9.2) 


+5 (4.5) 


Control F t ; ; p ~  


+49 (20.5) 
-27 (3.1) 
+22 (8) 
-28 (6.7) 
+27 (5.7) 
-45 (5.2) 


+ 1  (2.7) 


+ 15 (3) 
+lo6 (30.3) 


+1  (0.8)b +1 (1.5)b 
+76 (13.8)b +39 (14.4)b 
-30 (3.9) -27 (7.9) 
+92 (11.8)" +47 (7.2)b 
-34 (6.9) -59 (3.3)b 


0 -5 (5.4) 


+35 (35) 
+18 (17) 
+21 (5.3) 


-1 (3.9) 
+12 (4.8) 
-22 (4.5) 


+101(11.1) 
+6 (5.8) 


+3 (4.1) 
-3 (1.8) 
+2 (1.5) 
+4 (1.6) 
+2 (1.3) 


+11 (3.8) 
+7 (4.1) 


0 


+48 117) +2 (0.5) 
+53 ii5$ 
-3 (2.9) 


+22 (12.9)b 
+10 (1.4) 
+21 (10.5)b 
+82 (8.3) 


+1 (1.8) 


+7 (7.1) 
+2 (0.9) 


+24 (21.7) 
+6 (2.8) 
+2 (0.6)b 
+8 (4) 


+10 (3.2) 


Standard errors are given in parentheses. p 5 0.05. 


32 paired conscious and anesthetized dogs, pentobarbital 
anesthesia significantly lowered basal systolic/diastolic 
arterial pressures, raised basal heart rate, and altered re- 
sponses to autonomic treatments. Pentobarbital anes- 
thesia also significantly increased the cryptenamine dose 
required for inhibition of the hypotensive and/or bilateral 
carotid occlusion pressor response. The conscious dog 
systolic depressor response to cryptenamine is the most 
sensitive and accurate bioassay for cryptenamine potency 
evaluation. 


Earlier studies on oxybutynin were performed only in 
anesthetized animals. This paper reports its effects on 
autonomic functions and responses to autonomimetic 
treatments in conscious and anesthetized matched paired 
dogs. 


EXPERIMENTAL 


Six male and female beagle dogs were surgically prepared with exter- 
nalized bilateral carotid artery loops (4). Each animal was its own control 
and was utilized both conscious and anesthetized (-35 mg of pentobar- 
bital sodiumkg iv). This preparation permits direct systolic and diastolic 
arterial pressure measurement, induction of a reflex pressure response 
to bilateral carotid occlusion, and measurement of other autonomic 
functions such as ECG, heart rate, and respiration on conscious, slightly 
restrained animals (5). 


Direct systolic and diastolic arterial pressure (lateral) was measured 
from an externalized carotid artery cannula'. The cannula was connected 
to a pressure transducer'', which supplied input into a recorder coupler3. 
Cannula patency was maintained by slow retrograde saline infusion 
through the pressure transducer. The infusion rate did not alter the ar- 
terial pressure measurements. 


Heart rate was measured by the conversion of the R-R wave interval 
by a cardiotachometer coupler4 from a bipolar electrocardiograph input 
obtained through biopotential electrodes positioned and affixed to the 
skin over the sternum. A homemade sodium chloride electrode paste 
(0.154 rnole/kgP was used to facilitate conduction. 


Respiration rate and amplitude were measured indirectly through a 
pneumograph belt positioned around the thoracico-abdominal junction 
and connected to a pressure transducer2, which was connected to a cou- 
pler?. 


Recording was on a multichannel recorde$ a t  a paper speed of 5 
mm/sec. 


' Medicon AR-3218. * Statham model P-23AA. 


' Beckman cardiotachometer coupler 9857. 
F, In  Unibase. 


Beckman strain-gauge coupler 9872. 


Beckman type R dynograph. 


Table  V-Difference in Mean Basal Level a n d  Mean Amplitude 
of Cardiovascular Response to Graded Oxybutynin Doses i n  Six 
Beagle Dogs Examined in the Conscious and Anesthetized States 


Heart Respiration 
Rate, Rate, 


Treatment mm He mm He min min 
Systolic, Diastolic, beats/ breaths/ 


Basal level +8 -2 -33" +20a 
Oxybutynin 


0.1 mg/kg +5 -1 -4 i-7 
0.3 mg/kg +3 +2 + 20" +6 
1.0 mg/kg +16O +11a +23" +1 
3.0 m d k n  +23O +29" +27a +1 


p 5 0.05. 


To control for order effect, the six animals were treated in a random 
order in both the conscious and anesthetized states. 


All dogs had an indwelling venocatheter (PE-50) in the branchial- 
cephalic or saphenous vein for drug solution administration. They were 
anesthetized with pentobarbital sodium, 30-35 mg/kg. Care was taken 
to position the pressure transducer at the appropriate level (heart hori- 
zontal) for each dog, particularly when anesthesia was employed. 


Fresh aqueous oxybutynin solutions were prepared prior to use, and 
the concentrations were adjusted so that equivolumes were administered 
a t  each dose level. The oxybutynin doses were 0.1,0.3,1.0,3.0, and 10.0' 
mg/kg iv in equivolumes of 0.1 mlkg.  Systolic and diastolic arterial 
pressures, heart rate, ECC, and respiration rate were measured. 


After a 10-15-min equilibration, the animal received an autonomic 
treatment series. The autonomic agonists and their dose levels (salt 
weight) were: bilateral carotid occlusion, 30 sec; tyramine hydrochloride, 
0.20 mgkg; acetylcholine chloride, 0.6 pgkg; epinephrine hydrochloride, 
2 pgkg; histamine phosphate, 2 pg/kg; norepinephrine bitartrate, 2 pg/kg; 
isoproterenol hydrochloride, 2 pg/kg; and serotonin diphosphate, 10 
pg/kg. The autonomic treatments were repeated after the highest oxy- 
butynin dose. The direction and amplitude of the autonomic responses 
were described previously (6). 


The data were analyzed for statistical significance by the matched-pair 
t test (7). 


RESULTS AND DISCUSSION 


The data are summarized in Tables I-IV. 
Oxybutynin effecta in the conscious dog are reviewed in Tables I and 


11. At a mean basal systolic arterial pressure level of 133 mm Hg, oxy- 
hutynin doses of 0.1,0.3,1.0, and 3.0 mg/kg iv produced statistically in- 
significant changes in systolic pressure (Table I). The mean basal diastolic 
pressure of 87 mm Hg was significantly elevated following treatment with 
0.3 and 1.0 mg of oxybutynidkg. Diastolic pressure increased insignifi- 
cantly (3 mm Hg) after the 3.0-mghg dose. These changes in diastolic 


Given only if an absent or a weak response resulted from lower doae. 
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pressure were statistically significant but physiologically inconeequen- 
tial. 


Oxybutynin produced apparently dose-related tachycardia. A signif- 
icant peak tachycardic response (21 beatdmin) appeared after the 0.3- 
mg/kg dose, and a significant peak (52 beats/min) occurred &tar the 
3.0-mg/kg iv d w .  Although there was a consistent tachypnea aftar each 
oxybutynin dose, none of the respiratory changes was significant. 


The effects of the cumulative 4.4-mglkg iv oxybutynin dose on the 
autonomic responses in conscious dogs are summarized in Table 11. Ox- 
ybutynin produced several significant autonomic responses. The tyra- 
mine-induced pressor response was significantly enhanced. The tyra- 
mine-evoked tachycardic response was significantly depressed to +3.2 
beats/min. The acetylcholine-induced depressor and associated tachy- 
cardic responses were significantly inhibited. The epinephrine pressor 
response amplitude was significantly enhanced by oxybutynin treatment, 
although the associated heart rate response was inhibited by from +I1 
to -1 beats/min. Other significant changes included enhanced histamine 
tachycardia, increased norepinephrine brachycardia, and increased di- 
astolic depressor response to isoproterenol. 


When oxybutynin was administered to anesthetized dogs, the systolic 
and diastolic pressure responses were opposite to those observed in the 
conscious state (Table 111). Oxybutynin (1.0, 3.0, and 10.0 mg/kg iv) 
produced systolic/diastolic depressor responses of -8/-5, -3O/-26, and 
-31/-37 mm Hg, respectively. The associated significant tachycardic 
responses occurred only after the 1.0- and 3.0-mg/kg doses. The 10.0- 
mg/kg oxybutynin dose produced profound and significant depressor 
responses but insignificantly increased heart rate. Perhaps at  this dose 
in the anesthetized dog the heart rate response, which appears to be 
compensatory to the systolic/diastolic depression, is pharmacologically 
antagonized by oxybutynin. The possibility of a toxicologic response to 
the lO.O-mg/kg dose is supported by the appearance of a marked and 
statistically significant tachypnea (+ 17 breathdmin). 


Table IV describes the effects of a total cumulative 14-mglkg iv oxy- 
butynin dose of the autonomic treatment responses of anesthetized dogs. 
The acetylcholine-induced arterial pressure depressor response was in- 
hibited. Similarly, the acetylcholine-induced tachycardia was markedly 
inhibited following oxybutynin. The epinephrine pressor response was 
enhanced, as was the heart rate response. The systolic/diastolic pressures 
and heart rate response to norepinephrine were also significantly altered. 


The respiratory rate response to norepinephrine was slightly, but sig- 
nificantly, increased. Only the diastolic pressure response to isoproterenol 
was significantly increased following oxybutynin. 


Divergent responses due to the “state-of-the-animal” were reported 
previously (1-3). The influence of differential state on response must be 
considered when interpreting the experimental data, particularly from 
the anesthetized preparation. 


The differences in systolic/diastolic arterial preasures, heart rates, and 
respiration rates are summarized in Table V. Basal heart rate was con- 
siderably lower in the conscious state, while basal respiratory rate was 
significantly greater. The amplitude of the changes indicated that the 
conscious animal exhibits greater oxybutynin sensitivity and response 
intensity. Greater oxybutynin tachycardic response in conscious animals 
can be explained on the basis of the Law of Initial Values (8). 


In the conscious dog, the oxybutynin response was pressor; following 
pentobarbital anesthesia, the same oxybutynin doses evoked a systolic/ 
diastolic arterial depressor response. These findings are inexplicable. 


The consistent and significant tachycardia produced by oxybutynin 
in conscious and anesthetized dogs and the selective oxybutynin inhi- 
bition of the acetylcholine-induced cardiovascular responses in both 
conditions support the earlier pharmacological report. Oxybutynin has 
mild to moderate cardiovascular effects, probably through an anticho- 
linergic mechanism of action. 
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Abstract 0 Temperature stability studies were conducted on 0.36 M 
(6.5% w/v) aspirin solutions including either 0.02 M L-methionine or 0.02 
M histidine in propylene glycol. Aspirin was determined spectrophoto- 
fluorometrically as salicylic acid content a t  412 nm. A 0.36 M aspirin in 
polyethylene glycol 400 solution was studied concurrently. Aspirin deg- 
radation rate constants, k, obtained from semilogarithmic plots of percent 
drug remaining uersus time at  30-70 f 0.5’ were used for preparing 
Arrhenius plots. Good correlation was seen between predicted aspirin 


stability and experimental k2.p- values. L-Methionine and histidine 
markedly reduced aspirin stability. 


Keyphrases Aspirin-stability in propylene glycol, effect of L-me- 
thionine and histidine, temperature 0 Stability-aspirin in propylene 
glycol, effect of L-methionine and histidine, temperature o Propyiene 
glycol-stability of aspirin solutions, effect of L-methionine and histidine, 
temperature 


Aspirin remains the most sought-after, nonprescription problem because of this instability in water and in vehicles 
analgesic. It possesses a combination of anti-inflammatory, containing traces of water. 
antipyretic, and analgesic properties unparalleled by other Numerous attempts to stabilize aspirin solutions, 
“aspirin-like” compounds. Aspirin is, however, a notor- especially in nonaqueous solvents such as polyethylene 
iously unstable drug and degrades to the less potent sali- glycol 400 (2), glycerol and propylene glycol (3,4), ethanol, 
cylic acid in the presence of moisture (1). Liquid aspirin (5), and esterified polyethylene glycols (6) have been re- 
dosage forms present a challenging pharmaceutical ported. The objective of the present study was to measure 
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Abstract  0 The anticonvulsant and CNS-depressant activities of 16 
commercially available antiepileptics were subjected to regression 
analysis. For the maximal electroshock seizure test and pentylenetetrazol 
seizure threshold test, good correlations were obtained only after di- 
azepam, clonazepam. and carbamazepam were deleted; for the median 
toxic dose (rotorod ataxia), all 16 compounds can be included in one single 
equation using log M W ,  log P,  and dipole moment ( p )  terms. For the 
anticonvulsant activities of 7-substituted 1,4-benzodiazepinones, a 
parabolic equation of x combined with the Hammett n constant gave fair 
correlations for most derivatives examined in three different testa. Based 
upon the correlations obtained, further molecular modifications are 
suggested. The dipole moments of seven clinically used antiepileptic 
drugs were measured in 1,4-dioxane for the first time. 


Keyphrases 0 Anticonvulsants-quantitative structure-activity rela- 
tionships and dipole moments 0 CNS depressants-quantitative 
structure-activity relationships and dipole moments 0 Structure-activity 
relationships-anticonvulsants and CNS depressants 0 Dipole mo- 
ments-anticonvulsants and CNS depressants 


tained may be helpful to medicinal chemists in designing 
new antiepileptic drugs. 


EXPERIMENTAL 


The first set of data was from the recent publication (1) on 16 marketed 
antiepileptic drugs, using three anticonvulsant screening methods: the 
maximal electroshock seizure (MES) test, the subcutaneous pentylene- 
tetrazol seizure threshold (MET) test, and the median toxic dose ( T D d  
test. The biological data were all converted to log 1/C, where C is the EDm 
or LDso value in moles per kilogram. The octanol-water partition coef- 
ficients (log P )  were taken from the literature ( 2 4 ) .  The dipole momenta 
were either from the literature (2,5) or were experimentally determined 
in this study (Table 111) using the published method of Halverstadt and 
Kumler (6, 7). The method of least squares was used in deriving the 
equations listed in Tables IV and V. 


The second set of data, on anticonvulsant activities of 7-substituted 
1,4-benzodiazepinones (Table II), was taken from the work of Sternbach 
et al. (8). The results of the regression analysis are given in Table V. 


According to a literature survey in 1970, no more than 
50% of epileptic patients were controlled by available an- 
tiepileptic drugs (1). Unfortunately, because of the limited 
market, relatively few pharmaceutical companies are ac- 
tively pursuing antiepileptic drug research and develop- 
ment. To stimulate interest, a screening program was ini- 
tiated in 1975 by the Antiepileptic Drug Development 
Program. Standardized testing methods have been used 
to evaluate new as well as 16 marketed antiepileptic drugs 
(1). This evaluation provides uniform sets of data suitable 
for quantitative structure-activity analysis. 


The main purpose of this report is to analyze the struc- 
ture-activity relationships of various anticonvulsant drugs 
(Tables I and 11) in quantitative terms. The results ob- 


RESULTS AND DISCUSSION 


Equations correlating the anticonvulsant activities of 16 clinically used 
antiepileptics are summarized in Table IV. For the maximal electroshock 
seizure test, a fair correlation with log P was obtained when all 16 com- 
pounds were included (Eq. 1). Addition of the nonlinear term [(log P)*] 
or dipole moment term ( p )  did not improve the correlation significantly, 
as judged by the correlation coefficients ( r )  and standard deviations 
b). 


A recent study (9) suggested that benzodiazepines appeared to occupy 
specific receptors. This led the authors to delete diazepam, clonazepam, 
and carbamazepine from the regression. When these structurally quite 
different compounds were eliminated, much better correlations were 
obtained ( h s .  610) .  Not only were the correlation coefficients increased, 
but the standard deviations were decreased. Surprisingly, log M W gave 
the best correlation (Eq. 7). Similar dependence of biological activity on 
the log MW term and its implications were reported previously*. 


Table  I-Anticonvulsant Activities and Physicochemical Constants of Various Drugs Used in the  Regression Analysis 


Compound 


Phenytoin 
Ethotoin 
Mephenytoin 
Phenobarbital 
Metharbital 
Mephobarbital 
Primidone 
Trimethadione 
Pnrnmethadione 


log 1lC 
MES MET TD50 log Pe, P e *  


Obs.0 Ca1c.b Obs.a Cake 0bs.a Ca1c.d log M W  Octanol-Water debeyes 


4.42 4.22 - - 3.58 3.62 2.40 2.47 1.74 
3.38 3.52 3.63 3.64 3.08 3.10 2.31 1.53 1.74 
3.56 3.76 3.86 3.51 3.15 3.03 2.34 2.09 1.74 
4.03 3.99 4.25 4.20 3.44 3.69 2.37 1.42 0.87 . .. . .. 


3.19 3.45 4.30 4.02 3.47 2.92 2.30 1.21 1.13 
3.86 4.15 4.02 4.10 3.10 3.46 2.39 1.98 0.87 
4.28 3.76 3.57 3.76 <2.56f 2.80 2.34 2.10 1.35g 
2.36 2.36 2.68 2.69 2.24 2.56 2.16 -0.37 1.74 
2.82 2.67 3.40 3.18 2.73 2.68 2.20 0.13 1.69 - 


Ethosuximide <2.15/ 
Methsuximide 3.43 
Phensuximide 3.23 
Phenacemide 3.31 
Diazepam (4.17): 
Clonazeparn (3.56) 
Carbamazeoine (4.40) 


2.28 3.04 3.22 2.50 1.88 2.15 ~ ~. 


3.52 3.48 3.73 3.03 3.02 2.31 
3.29 3.58 3.73 2.91 2.68 2.28 
3.06 3.19 3.23 2.63 3.25 2.25 


(4.61) (6.24)h (1.94) 4.59 4.58 2.45 
(5.08) (7.55)h (2.98) 6.24 5.76 2.51 
(3.99) - - 3.52 3.79 2.37 


0.01 
1.54 
1.40 
0.57 
2.82 
2.41' 
2.18) 


1.47 
1.61 
1.61 
2.068 
2.658 
2.338 
2.418 


0 From Ref. 1. b Calculated from J3q. 7 .  C Calculated from Eq. 19. Calculated from &. 23. e From Refs. 2 and 5 unless stated otherwise. Exclusion of this data point 
does not affect the correlation significantly. 8 From this study. * Not included in the regression. From Ref. 3. j Calculated from log P t w s ) l  NCONH2 + Y Z ~ C ~ H F , )  = 
1.53 + 0.65 = 2.18. 


1 On leave from the Department of Chemistry, University of Cairo, Cairo, E. J. Lien, presented at the APhA Academy of Pharmaceutical Sciences, Or- 
Egypt. lando meeting, November 1976. 
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Table 11-Anticonvulsant Activities and Physicochomical Constants of 7-Substituted 1,4-Benzodiazepinones CJ. tC) 


log I/C 
MET Maximum Minimum 


R Obs." CaIc.6 Obs." Calc." O b s n  Ca1c.d- log M W X ( w P  


<2.47/ (4.56)f 3.89 3.66 3.49 
<2.50/ (4.65)/ 2.92/ (3.76)f 3.40 


4.65 4.80 4.03 4.01 3.32 
5.20 4.81 4.90f (4.00)f 3.20 
5.31 5.23 3.89 4.00 2.591 
5.60 5.50 3.97 4.28 2.901 
5.48 5.14 4.78 4.29 4.16 
3.16/ (4.32) 3.22 3.66 <2..54/ 
3.85 3.50 2.88 2.93 2.62 
4.15 4.53 3.93 3.78 2.97 
3.57 4.40 3.071 (3.78) 2.69 
3.81 3.58 3.21 3.33 2.66 


SOCH:, 4.07 4.20 3.52 2.91 2.99 
S02CH:l 2.721 (4.44) 2.60 3.07 <2.60/ 
C6H5 <2.601 (3.65) <2.59f (3.27) <2.59f 


3.26 2.37 
3.33 2.40 


0.00 0.00 
0.14 0.06 


3.43 2.43 0 71 0.23 
3 39 2.50 0.86 0.23 


(3.79) 2.42 -0.57 0.66 
-0.28 0 78 (3.99) 2.45 


3.69 2.48 
(3.07) 2.40 
2.45 2.45 
3.23 2.45 
3.13 2.47 
2.52 2.51 
3.07 2.47 


(3.25) 2.50 
(2.57) 2.49 


0.88 0.54 
0.56 -0.17 
0.18 -0.83 
0.61 0.00 
1.07 0.03 
2.07 0.03 


-1.58 0.49 
- 1.63 0.72 


1.96 -0.01 


From Ref. 8. * Calculated from Eq. 25.  C Calculated from Eq. 27. d Calculated from Eq. 29. From Ref. 14. f Not included in the regression. 


Table 111-Dipole Moments (Debyes SE)  of Some CNS Acting 
Drugs 


Compound In Dioxane In Benzene 


Chlordiazepoxide 2.15 f 0.02 1.99 f 0.01 
Diazepam 2.65 f 0.02 2.62 f 0.01 
Clonazepam 2.33 f 0.02 - 
Flurazepam 3.75 f 0.02 3.1 I f 0.01 
P henacemide 2.06 f 0.02 (Insoluble) 
Primidone 1.34 f 0.02 (Insoluble) 
CarbamazeDine 2.41 f 0.01 (Insoluble) 


relatively high dipole moments (2.82 and 2.41 debyes. respectively) and 
were still active as antiepileptics, together with the finding that much 
better correlations were obtained when they were excluded, appears to 
support the contention that benzodiazepines probably occupy different 
receptors (9). 


Improvements in correlation after deletion of diazepam and clona- 
zepam were even more striking in the pentylenetetrazol seizure threshold 
test (Eqs. 11-19). Equation 19 was the best. The optimum lipophilicity 
(log PO) for maximum activity was 1.42 with a 95% confidence interval 
of 1.06-9.61:'. The dependence on P was negative. The dipole moment 
term is statistically significant a t  the 97.5 percentile level as indicated 
by an F-test (Fl.8 = 9.83, F l , h W s  = 7.57). 


Although the dependence on the dipole moment ( P )  was not statisti- 
tally significant, the negative sign ofthe coefficient W a s  in agreement with 
previous findings (2, 10). The fact that diazepam and clonazepam had 


Table IV-Equations Correlating Anticonvulsant Activities with Phvsicochemical Constants 


. 
~t The 95% confidence interval is skewed toward the u per limit as dictated by 


the equation used. For more details, see C. Hansch, A. R. Iteward, S. M. Anderson. 
and D. Bentley, J .  Med. Chem. I I , l ( i % ( l ) .  


Equation n r 5 


Maximal Electroshock Seizure Test (MES) 
1. log i/c = 0.627 log P + 2.588 
2. log l/C = 5.554 log MW - 9.379 
3. log I/C = -0.064 (log P)' + 0.781 log P t 2.554 
4. log 1/C = 0.647 log P - 0.133~ + 2.785 
5. log 1/C = -0.030 (log P):! + 0.714 log P - 0.105~ + 2.727 


(Without Diazepam, Clonazepam, and Carhamazepine) 
6. log l /C = 0.681 log P + 2.544 
7. lor l /C  = 7.776 lor MW - 14.438 
8. log 1/C = 0.028 ( 6 g  P)' + 0.624 log P + 2.551 
9. log 1/C = 0.669 log P - 0.112~ + 2.727 


10. log i/c = 0.043 (log P)* + 0.580 log P - 0.130~ + 2.768 


12. log IIC = 6.105 log M w  -10.185 


Subcutaneous Pentylenetetrazol Seizure Threshold Test (MET) 
11. log l/C = 0.967 log P + 2.755 


13. log 1/C = 0.502 (log P)' - 0.206 log P + 3.002 
14. log 1/C = 4.925 log MW + 0.335 log P + 1.257~ - 9.934 
15. log l/C = 4.817 log MW + 0.256 (log P)' - 0.222 log P + 0.971~ - 9.145 
16. log 1/C = 0.408 log P + 3.121 
17. log 1/C = 2.676 log MW - 2.594 
18. log 1/C = -0.302 (log P)' + 0.960 log P + 3.082 
19. log 1/C = -0.301 (log P ) 2  + 0.852 log P - 0.629~ + 4.139 


log PO = 1.42 (1.06-9.61) 
Median Toxic Dose (Rotorod Ataxia) T D ~ Q  


20. log l/C = 0.647 log P + 2.348 
21. log 1/C = 8.030 log MW - 15.336 
22. log I/C = 0.265 (log P)' + 0.010 log P + 2.490 
23. loe 1/C = 15.939 loe MW - 0.972 loe P + 0.54911 - 33.187 


16 
16 
16 
16 
16 


13 
13 
T3 
13 
13 


14 
14 
14 
14 
14 
12 
12 
12 
12 - 


16 
16 
16 
16 


0.874 0.342 
0.806 0.417 
0.877 0.351 
0.879 0.348 
0.880 0.362 


0.896 0.314 
0.94i 0.241 m m  
0.898 0.326 
0.899 0.342 


0.704 0.967 
0.654 1.029 
0.779 0.890 
0.864 0.750 
0.875 0.762 
0.719 0.350 
0.756 0.330 
0.799 0.319 
0 . 9 1 5 0 . 2 2 7  


0.637 0.769 
0.823 0.566 
0.677 0.76 1 
0.933 0.388 
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Table V-Equations Correlating Anticonvulsant a n d  CNS- 
Depressant Activities of 1,4-Benzodiazepinones with Their 
Phvsicochemical ProDerties 


Equation n r s  


Pentylenetetrazol Test 
24. log 1/C = -0.257%’ - 0.082~ + 4.869 10 0.489 0.764 
25. log 1/C = -0.307~’ t 0 . 1 4 4 ~  t 1.2910 + 4.558 lo 0.867 0.470 


TO = 0.23 (-2.86-3.75)’ 
Maximal Electroshock Test 


26. log 1/C = -0.188~’ t 0 . 1 7 1 ~  t 3.816 
27. log I/C = -0.258~’ + 0 .361~  t 0.9540 + 3.660 


11 0.513 0.592 
11 0.824 0.418 


TO 0.70 (0.08-5.35)’ 
Minimal Electroshock Test 


28. loe 1/C = - 0 . 1 3 2 ~ ~  + 0 . 0 0 2 ~  + 3.286 10 0.379 0.497 
29. log 1/C -0.220~’ + 0 . 0 8 1 ~  + 0.9840 + 3.262 fi 0.827 0.326 


TO = 0.18 (-2.82-2.37)‘ 


(1 For the derivation of these 95% confidence intervals, see C. Hansch. A. R. 
Steward, S. M. Anderson, and D. Bentley, J .  Med. Chem., lI,1(1968). 


For the more nonspecific toxic dose (rotorod ataxia), all 16 compounds 
were well correlated with a three-parameter equation (Eq. 23). Fur- 
thermore, the dependence on the dipole moment was positive, in contrast 
with the anticonvulsant tests. Log MW gave better correlation than log 
P, with or without the quadratic term (compare Eq. 20 with 22). The 
positive dependence on log M W  in Eqs. 21 and 23 suggests that van der 
Waals forces with nonspecific receptor sites are more important than 
hydrophobic interactions in the rotorod ataxia test. 


The negative coefficient associated with the log P term in Eq. 23 is 
intriguing. Whether or not it represents interaction with somewhat hy- 
drophilic sites remains to be studied. In any event, it is not parabolically 
dependent on log P as seen in many other cases of central nervous system 
(CNS) acting drugs (2,10,11). 


The squared correlation matrix of the four parameters used for the 16 
compounds in Eqs. 20-23 is shown here: 


log M W  (log P)’ LL 
log M W 1 0.785 0.861 0.071 
(loe P)* 1 0.882 0.193 
i0g”P 
Ir 


1 0.073 
1 


I t  is apparent that log MW and log P are not independent while p is 
practically. independent of either log MW or log P. Therefore, the exact 
physical meaning of the log MW term can not be ascertained. A better 
selection of compounds with a wider range of log MW independent of log 
P is needed to delineate its contribution to the activity. 


For the anticonvulsant activities of 1,4-benzodiazepinones with sub- 
stitution a t  the 7-position of ring A, a parabolic equation of TR combined 
with the Hammett o constant appeared to give fair correlations for the 
results of all three tests (Table V). The ideal lipophilicity of the substit- 
uent (TO) for the maximal electroshock test appears to be higher than 
those for the pentylenetetrazol test and the minimal electroshock test, 
although the 95% confidence intervals do overlap. Two or three com- 
pounds had to be excluded to obtain a correlation coefficient ( r )  of 0.82 
or higher. Whether this result was due to experimental error or solubility 
problems (e.g.. the C6Hs-derivative) could not be ascertained. 


The importance of the electronic character was clearly reflected by the 
high coefficient associated with n (0.95-1.29). In addition to the lipophilic 
and electronic characters, steric and directional factors also appear to 
be quite critical since substitutions a t  position 6,8, or 9 of ring A reduced 
activity (12). Steinman et at. (13) reported that 7-CI-9-NOz- and 7,9- 
(NO&-derivatives of 1,4-benzodiazepine had weak activity (>lo0 mgntg) 
as compared to diazepam (1 mg/kg) in pentylenetetrazol tests. Whether 
or not the same trend exists in the 1,4-benzodiazepinone series remains 
to be studied. 


Clonazepam, one of the most potent compounds against pentylene- 
tetrazol seizures, has a nitro group in ring A and a chloro atom in ring C. 
With regard to substitutions in ring C, Sternbach (12) showed that only 
the ortho-positions can be substituted and still maintain high activity. 
The 2’,6’-difluoro and dichloro derivatives had “high activity,” while 
meta-  and para-substituents decreased the activity almost to zero. I t  
would be interesting to investigate combinations of CI and NO’, Brand 
NOz, and CFJ and NO’ in the 2’,6‘-positions of ring C. 
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pressure were statistically significant but physiologically inconeequen- 
tial. 


Oxybutynin produced apparently dose-related tachycardia. A signif- 
icant peak tachycardic response (21 beatdmin) appeared after the 0.3- 
mg/kg dose, and a significant peak (52 beats/min) occurred &tar the 
3.0-mg/kg iv d w .  Although there was a consistent tachypnea aftar each 
oxybutynin dose, none of the respiratory changes was significant. 


The effects of the cumulative 4.4-mglkg iv oxybutynin dose on the 
autonomic responses in conscious dogs are summarized in Table 11. Ox- 
ybutynin produced several significant autonomic responses. The tyra- 
mine-induced pressor response was significantly enhanced. The tyra- 
mine-evoked tachycardic response was significantly depressed to +3.2 
beats/min. The acetylcholine-induced depressor and associated tachy- 
cardic responses were significantly inhibited. The epinephrine pressor 
response amplitude was significantly enhanced by oxybutynin treatment, 
although the associated heart rate response was inhibited by from +I1 
to -1 beats/min. Other significant changes included enhanced histamine 
tachycardia, increased norepinephrine brachycardia, and increased di- 
astolic depressor response to isoproterenol. 


When oxybutynin was administered to anesthetized dogs, the systolic 
and diastolic pressure responses were opposite to those observed in the 
conscious state (Table 111). Oxybutynin (1.0, 3.0, and 10.0 mg/kg iv) 
produced systolic/diastolic depressor responses of -8/-5, -3O/-26, and 
-31/-37 mm Hg, respectively. The associated significant tachycardic 
responses occurred only after the 1.0- and 3.0-mg/kg doses. The 10.0- 
mg/kg oxybutynin dose produced profound and significant depressor 
responses but insignificantly increased heart rate. Perhaps at  this dose 
in the anesthetized dog the heart rate response, which appears to be 
compensatory to the systolic/diastolic depression, is pharmacologically 
antagonized by oxybutynin. The possibility of a toxicologic response to 
the lO.O-mg/kg dose is supported by the appearance of a marked and 
statistically significant tachypnea (+ 17 breathdmin). 


Table IV describes the effects of a total cumulative 14-mglkg iv oxy- 
butynin dose of the autonomic treatment responses of anesthetized dogs. 
The acetylcholine-induced arterial pressure depressor response was in- 
hibited. Similarly, the acetylcholine-induced tachycardia was markedly 
inhibited following oxybutynin. The epinephrine pressor response was 
enhanced, as was the heart rate response. The systolic/diastolic pressures 
and heart rate response to norepinephrine were also significantly altered. 


The respiratory rate response to norepinephrine was slightly, but sig- 
nificantly, increased. Only the diastolic pressure response to isoproterenol 
was significantly increased following oxybutynin. 


Divergent responses due to the “state-of-the-animal” were reported 
previously (1-3). The influence of differential state on response must be 
considered when interpreting the experimental data, particularly from 
the anesthetized preparation. 


The differences in systolic/diastolic arterial preasures, heart rates, and 
respiration rates are summarized in Table V. Basal heart rate was con- 
siderably lower in the conscious state, while basal respiratory rate was 
significantly greater. The amplitude of the changes indicated that the 
conscious animal exhibits greater oxybutynin sensitivity and response 
intensity. Greater oxybutynin tachycardic response in conscious animals 
can be explained on the basis of the Law of Initial Values (8). 


In the conscious dog, the oxybutynin response was pressor; following 
pentobarbital anesthesia, the same oxybutynin doses evoked a systolic/ 
diastolic arterial depressor response. These findings are inexplicable. 


The consistent and significant tachycardia produced by oxybutynin 
in conscious and anesthetized dogs and the selective oxybutynin inhi- 
bition of the acetylcholine-induced cardiovascular responses in both 
conditions support the earlier pharmacological report. Oxybutynin has 
mild to moderate cardiovascular effects, probably through an anticho- 
linergic mechanism of action. 
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Abstract 0 Temperature stability studies were conducted on 0.36 M 
(6.5% w/v) aspirin solutions including either 0.02 M L-methionine or 0.02 
M histidine in propylene glycol. Aspirin was determined spectrophoto- 
fluorometrically as salicylic acid content a t  412 nm. A 0.36 M aspirin in 
polyethylene glycol 400 solution was studied concurrently. Aspirin deg- 
radation rate constants, k, obtained from semilogarithmic plots of percent 
drug remaining uersus time at  30-70 f 0.5’ were used for preparing 
Arrhenius plots. Good correlation was seen between predicted aspirin 


stability and experimental k2.p- values. L-Methionine and histidine 
markedly reduced aspirin stability. 


Keyphrases Aspirin-stability in propylene glycol, effect of L-me- 
thionine and histidine, temperature 0 Stability-aspirin in propylene 
glycol, effect of L-methionine and histidine, temperature o Propyiene 
glycol-stability of aspirin solutions, effect of L-methionine and histidine, 
temperature 


Aspirin remains the most sought-after, nonprescription problem because of this instability in water and in vehicles 
analgesic. It possesses a combination of anti-inflammatory, containing traces of water. 
antipyretic, and analgesic properties unparalleled by other Numerous attempts to stabilize aspirin solutions, 
“aspirin-like” compounds. Aspirin is, however, a notor- especially in nonaqueous solvents such as polyethylene 
iously unstable drug and degrades to the less potent sali- glycol 400 (2), glycerol and propylene glycol (3,4), ethanol, 
cylic acid in the presence of moisture (1). Liquid aspirin (5), and esterified polyethylene glycols (6) have been re- 
dosage forms present a challenging pharmaceutical ported. The objective of the present study was to measure 
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Figure 3-Percent aspirin remaining as a function of t ime and tem-  
perature for I .  Key: 0, 30O; *, 40'; *, 50"; +, 55"; +, 60°; 3nd 0, 
70". 


HOURS 


HOURS 
Figure I-Aspirin dissolution rates in polyethylene glycol 400 ( A ) ,  
prop?lene glycol ( R ) ,  and m t e r  (C) by mechanical rotary agitation at  
25 It 0 . 1 0 .  


Table I-Aspirin Formulations I-IV 


duced remedial effects in the treatment of peptic ulcers (7) 
and that  methionine effected favorable histological 
changes in parenchymal cells of the liver (8). 


EXPERIMENTAL 
1.-Methio- Poly- 


Aspirin, Histidine, nine, Pro- ethylene 
Formu- 6.5%) w/v 0.3% w/v 0.30?6 w/v pylene Glycol 
lation (0.36 M) (0.02 M )  (0.02 M )  Glycol 400 


Materials-Aspirin1, histidine2, 12-methionine3, propylene glycol2, 
polyethylene glycol 4004, and salicylic acid2 were used as received. 
Methanol2 was spectroscopic grade. 


Aspirin Formulations-Aspirin and the amino acids were dissolved 
in the glycol solvents by mechanical agitation for 4-6 hr on a rotary 
shaker5 a t  ambient room temperatures. All aspirin formulations con- 


I + + 
11 + + + 


111 + + + 
IV + + 


aspirin stability in propylene glycol and in the presence of 
several amino acids. I,-Methionine and histidine were 
chosen since they were slightly soluble in this solvent; 
furthermore, past reports indicated that histidine pro- 


Table  11-Predicted Stability of Aspirin Formulations I-IV for 
t l 0 %  a t  2.5 and 5" 


\ t IOb 


Formulation" 25" 5 O  


I 151.2 days 55.8 months 
I1 75.6 days 20.4 months 


I11 55 days 13.3 months 
I V  18.8 davs 2.88 months 


*\ 


\ 
*\ 


See Table 1 l o r  forinulatim cmtents 


901 


1 


I I 


HOURS 
48 96 144 192 


Figure 4-Percent aspirin remaining as a function of time and tem- 
perature for I!. Key: 0. 30"; w, 40°; *, 50"; +, 55"; +, 60°, and 0,  
700. 
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Figure 2-Effect of 3.6 X 10-4 M aspirin solution and 3.6 X M 
.mlicylic acid solution in pH 7phosphate buffer on fluorescence inten- 
sity. Key:  a ,  1 1  p l  of salicylic acid solution plus 40 pl of aspirin solution; 
b, 10 pl  of salicylic acid solution, c, 10 pl of salicylic acid solution plus 
I 0  p l  of aspirin solution; d ,  10 p l  ofsalicylic acid solution plus  20 pl of 
aspirin solution; and e,  20 pl of aspirin solution. 


' Amend Drugs and Chemicals, Irvington, N.J. 


.' Mann Research Laboratories. New York, N.Y. 


' Gyrotory shaker, model S3. New Brunswick Scientific Co.. New Brunswick. 


Fisher Scientific Co., Fair Lawn, N.J. 


Ruger Chemical Co., Irvington, N.d. 


N..I. 
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Figure 5-Percent aspirin remaining as a function of time and tem- 
perature for I I I .  Key: f$, 30"; *, 40'; #, 50'; +, 55'; +, 60'; and 0,  
70'. 


tained 0.36 M (6.5% w/v) aspirin and 0.02 M of either amino acid (11 or 
111). A 0.36 M aspirin in polyethylene glycol 400 (IV) solution was in- 
cluded for comparison (Table I). 


Aspirin Content Analysis-Aspirin was assayed as salicylic acid in 
pH 7 phosphate buffer a t  25 f 0.1', using a spectrophotofluorometer6 
equipped with a 150-w xenon lamp/LP 21 photomultiplier tube, a t  the 
excitation and emission wavelengths of 300 and 412 nm, respectively. A 
1.3 conversion factor, representing the aspirin to salicylic acid molecular 
weight ratio, was used to compute aspirin concentrations from salicylic 
acid concentrations. Salicylic acid concentrations were determined from 


2.c 


1 .s 
as 
f a 
9 
s 
a 


0 


1 .E 


\ 


*\ 


\ 


0 
0 


\ 


Table 111-Effect of Water  Dilution on pH of Formulations 1-111 


Percent Water (v/v) 
Formulation 0 10 25 50 70 


I 3.1 3.1 3.1 3.0 3.0 
I1 3.8 3.8 3.7 3.3 3.0 


111 3.9 3.9 3.8 3.5 3.1 


a standard plot of salicylic acid, prepared from a fresh 0.36 M salicylic 
acid stock solution in glycol or methanol and appropriately diluted with 
pH 7 phosphate buffer for the fluorescence measurements. 


Stability Studies-The aspirin formulations were placed in screw- 
capped, 30-ml, amber-colored prescription bottles and were immersed 
in controlled temperature water baths a t  30-70 f 0.5'. At  24-hr intervals, 
analytical samples were pipetted into ice-cold tubes, sealed, and stored 
a t  refrigeration temperatures until analysis. Semilogarithmic plots of 
percent aspirin remaining as a function of time and temperature were 
used to obtain the degradation rate constants, k. Arrhenius plots based 
on these rate constants were derived to predict aspirin stability a t  25 and 
5'. These predictions were compared with the experimental values from 
samples left a t  ambient room temperatures (25 f 2'). 


RESULTS A N D  DISCUSSION 


Complete solubility of 6.5% (w/v) aspirin in propylene glycol or poly- 
ethylene glycol 400 was attainable within 6-8 hr of continuous agitation 
a t  40 oscillations/min on a shaker bath maintained a t  25 f 0.1' (Fig. I). 
This concentration represents the average adult dose (-325 mg/tea- 
spoonful). Figure 2 shows the relative salicylic acid fluorescence intensity 
as a function of wavelength. Aspirin exerted negligible fluorescence a t  
412 nm. 


Figures 3-6 show the semilogarithmic plots of percent aspirin re- 
maining as a function of time and temperature for I-IV. The degradation 
rate constants, k ,  derived from these plots show that IV was the least 
stable (Fig. 7). This result may be attributed to transesterification (6) 
between aspirin and the polyethylene glycols. Formulation I1 ( k  = 0.54 
X hr-l) exhibited almost twice the 1 degradation rate, indicating 
that amino acids decrease aspirin stability in propylene glycol. Table I1 
summarizes the predicted shelflife stability a t  25 and 5' for I-IV in terms 
of a 10% aspirin breakdown. As anticipated, the shortened shelflife of 
aspirin in propylene glycol due to  the presence of the amino acids cor- 


50r . 


I I 
413 96 144 192 


HOURS 


Figure 6-Percent aspirin remaining as a function of time and tem- 
perature for IV. Key: $, 30'; *, 40'; *, 50'; +$-, 60'; and ., 70'. 
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Aminco-Bowman, American Instrument Co.. Silver Spring, Md. 
Figure 7-Arrhenius plot showing aspirin degradation rate constants, 
k, in I-IVenposed to30-70 f 0.5'. 
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Table IV-Predicted (Extrapolated) and Experimental (Actual) 
Deeradation Rate Constants at 25” for Formulations I-IV 


Degradation Rate Constants, 
k X lo-‘ 


Formulation Experimental a Predicted 


I 
I1 


111 
IV 


0.28 
0.54 
0.72 
3.49 


0.29 
0.58 
0.79 
2 22 


Ambient rmm temperature, 25 f 2’ 


responded with the slight increases in pH on dilution with water (Table 
111). 


A fair correlation was evident between the predicted and experimental 
degradation rate constants, k 2 y  (Table IV), thus supporting the predicted 
stohility values (Table 11). Preliminary IR studies showed a carbonyl band 
shift from 1595 cm-I of ~ m e t h i o n i n e ~ ,  where no bonding takes place, 
to 1640 cm-I when the amino acid was dissolved in propylene glycol, in- 
dicating weak hydrogen bonding. Similarly, weak hydrogen bonding was 
indicated between aspirin and propylene glycol because of a slight car- 
honyl band shift to a higher frequency. 


Kaydol, Ruger Chemical Co. ,  Irvington. N.J. 
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Abstract 0 A rat plasma salicylarnide assay was developed using ring- 
labeled tritiated salicylamide, synthesized by reacting salicylamide with 
tritium oxide in the presence of heptafluorobutyric acid. The reaction 
yielded 3HH-salicylamide of specific activity up to 8.41 mCi/mmole, 6096 
iield. Plasma containing 3HH-salicylarnide and its metabolites was ex- 
tracted with a toluene-based scintillation fluid, which was subsequently 
counted. Specificity for free salicylamide was demonstrated by radio- 
chemical and standard fluorescence plasma salicylamide level-time 
curves. Specificity resulted from nonextraction of the salicylamide sulfate 
and glucuronide metabolites. Sulfatase and /.l-glucuronidase treatment 
allowed the analysis of‘ plasma sulfate and glucuronide conjugates as free 
salicylamide. This procedure should be effective for the analysis of sali- 
cylamide and its metabolites in the presence of similar phenolic com- 
pounds. 


Keyphrases 0 Salicylamide--radiochemical analysis, from plasma, 
compared to tluorescence assay, rats 0 Radiochemistry-analysis, sali- 
cylamide in plasma, compared to fluorescence assay, rats 0 Fluorome- 
try-analysis, salicylamide in plasma, cornpared to radiochemical assay, 
rats 


In a study of the effects of alternate substrates on their 
ability to block temporarily the first-pass metabolism (1, 
2) of phenolic drugs, the oral administration of salicyl- 
amide to  rats was chosen as  a suitable animal model be- 
cause of the similarity of salicylamide’s metabolic behavior 
in rats (3-7) and humans (8,9). Numerous assays for sal- 
icylamide have been proposed (9-1 1). The fluorometric 
assay of Barr and Riegelman (9) is the most extensively 
used procedure for the analysis of salicylamide and its 


metabolites in biological fluids. This sensitive and specific 
fluorometric assay, along with a few modifications, has 
been the assay of choice in numerous studies (3 ,9 ,  12). 


Since the long-term objective of this project was to 
screen the effects of various alternate substrates on their 
ability to block temporarily the sulfation-glucuronidation 
first-pass effect of a model phenolic compound, salicyl- 
amide, many of the alternate substrates would most likely 
be other phenolic compounds. Some of these phenolic al- 
ternate substrates have physical, chemical, and fluo- 
rescense properties so similar to salicylamide that they 
interfere with the fluorometric procedure (9). For this 
reason, an assay for salicylamide and its metabolites was 
developed using ring-labeled tritiated salicylamide. The  
assay selectivity was due to the separation of salicylamide 
from its sulfate and glucuronide metabolites by a relatively 
nonpolar organic solvent. 


EXPERIMENTAL 
Reagents and Materials-All reagents were analytical grade, and all 


aqueous solut ihs  were prepared using glass-distilled, deionized water. 
The scintillation fluid was prepared by stirring overnight 1000 ml of 
toluene’ with 0.5 g of 1,4-bis[2-(4-methyl-5-phenyloxazolyl)jhenzene~ 
and 4 g of 2,5-diphenyloxazole2. 


’ Scintillation grade. Research Products International Corp., Grove Village, 
111. 


Amersham/Searle Corp.. Arlington Heights, I l l .  
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Figure 1-Stability v f I  in the solid state and triacetin solutions. Data 
for solutions are average values for theoretical concentrations from 0.10 
to 12 mglml. Key: 0,25’ hulk drug; ., 47’ hulk drug; 0 , 2 5 ’  triacetin 
solution; and @, 47’ triacctin solution. 


EXPERlMENTAL 


Materials-Compounds I (9) and I1 (10) were synthesized’ as de- 
scribed previously. Triacetin* was purchased. 


Stability Studies-Both I and I1 were tested for stability as hulk drug 
and in triacetin solution. Stability? was monitored a t  4,25, and 47’ for 
up to 12 months (Table I and Fig. 1). 


1 At The U john Co 
2 Aldrich &emical& or Union Carbide Chemicals Co.. New York. N.Y. 
3 Analyses were performed hy the Control Ilivision, The Upjohn Co. ,  using 


high-pressure liquid chromatography. 


RESULTS AND DISCUSSION 


The solid-state stability of I is shown in Fig. 1. Degradation occurred 
a t  47 and 25’. At these temperatures, the drug was stable a t  early times 
and then rapidly decomposed. As the prostaglandin degraded, a physical 
transformation of the solid resulted, producing an oil phase. The marked 
change in the slopes a t  25 and 47’ may have been due to subsequent ca- 
talysis by the decomposed liquid phase. In sharp contrast to the stability 
of bulk drug, I was quite stable in triacetin solutions at  25O, and there was 
a marked improvement of stability a t  the elevated temperature of 47’ 
(Fig. 1). 


Table I shows the stability of another E series prostaglandin drug in 
triacetin. Analysis of these data further substantiates the stability- 
enhancing property of this solvent. Triacetin dosage forms prepared with 
I1 were clinically effective as inhibitors of simulated gastric secretion in 
humans, indicating that the drug is bioavailable from these dosage forms 
(11). 


REFERENCES 


(1) “Prostaglandins and Reproduction,” S. M. M. Karim, Ed., MTP 
Press, St. Leonard’s House, Great Britain, 1975. 


(2) A. Robert, in “Advances in Prostaglandin and Thromboxane 
Research,” vol. 2, B. Samuelsson and R. Paoletti, Eds., Raven, New York, 
N.Y., 1976, p. 507. 


(3) T. J. Roseman, S. S. Butler, and S. L. Douglas, J .  Pharm. Sci., 65, 
673 (1976). 


(4) D. C. Monkhouse, L. Van Campen, and A. J. Aguiar, ibid , 62,576 
(1973). 


(5) R. G. Stehle and T. 0. Oesterling, ibid., 66, 1590 (1977). 
(6) A. J. Spiegel and M. M. Noseworthy, ibid., 52,917 (1963). 
(7) S. H. Yalkowsky and S. C. Valvani, Drug Intel. Clin. Pharm., 1 I, 


417 (1977). 
(8) The Upjohn Co., U.S. pat. 3,749,800 (1973). The Upjohn Co., U S .  


pat. 3,829,579 (1974). Syntex Corp., U.S. pat. 3,833,725 (1974). The Up- 
john Co., U.S. pat. 3,966,962 (1976). 


(9) E. W. Yankee, U.F. Axen, and G. L. Hundy, J. Am. Chem. Soc., 
96,5865 (1974). 


(10) B. J. Magerlein, D. W. DuCharme, W. E. Magee, W. L. Miller, A. 
Robert, and J. R. Weeks, Prostaglandins, 4, 143 (1973). 


(11) D. E. Wilson, J. Quertermus, M. Raiser,J. Curran, and A. Robert, 
Ann. Intern. Med.,  84.688 (1976). 


Fluorinated Phenytoin Anticonvulsant Analogs 


WENDEL L. NELSON”, YOUNG G. KWON, GARY L. MARSHALL, 
JAMES L. HOOVER, and GARY T.PFEFFER 
Received March 20,1978, from the Department of Pharmaceutical Sciences, School of Pharmacy, University of Washington, Seattle, WA 
98195. Accepted for publication June 8, 1978. 


Abstract 0 Six ring-fluorinated phenytoin analogs were synthesized, 
and their anticonvulsant activity in the maximal electroshock seizure and 
subcutaneous pentylenetetrazol assays was determined. 5-(4-Fluoro- 
phenyl)-5-phenylhydantoin, 5-(3-fluorophenyl)-5-phenylhydantoin, and 
5,5-bis(4-fluorophenyI)hydantoin were active in the maximal electroshock 
seizure assay. The compounds were much less potent than phenytoin hut 
showed an extremely long duration of action. 


Keyphrases 0 Phenytoin analogs, fluorinated-synthesized, evaluated 
for anticonvulsant activity in mice 0 Anticonvulsant activity-fluo- 
rinated phenytoin analogs evaluated in mice Fluorinated phenytoin 
analogs-synthesized, evaluated for anticonvulsant activity in mice 
Structure-activity relationships-fluorinated phenytoin analogs eval- 
uated for anticonvulsant activity in mice 


Phenytoin (5,5-diphenylhydantoin) has been used as 
an effective agent for the treatment of many different 
seizure disorders for about 40 years. The principal route 


of metabolism in humans and dogs is para-hydroxylation, 
affording optically active 5-(4-hydroxyphenyl)-5-phen- 
ylhydantoin (1,2). This compound is eliminated as a uri- 
nary conjugate, making up 60-70% of the daily dose (2). 
Other metabolites of aromatic hydroxylation also have 
been reported, including 5-(3-hydroxyphenyl)-5-phen- 
ylhydantoin (3), 5-(3-dihydroxyphenyl) -5-phenylhydan- 
toin (4, 5), 5,5-bis(4-hydroxyphenyl)hydantoin (6), 5- 
(3-methoxyphenyl)-5-phenylhydantoin (4, 5), and the 
dihydrodiol 5-(3,4-dihydroxy-1,5-cyclohexadienyl)-5- 
phenylhydantoin (7). Further oxidized phenytoin conju- 
gates, a trihydroxyphenytoin glucuronide and a dihy- 
droxymethoxyphenytoin glucuronide, were identified as 
metabolites of 5,5-bis(4-hydroxyphenyl)hydantoin (6). 


Since the primary route of metabolism, aromatic hy- 
droxylation in the para-position, provides inactive me- 
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Table I-Anticonvulsant Activity and  Neurotoxicity 
MES 


Compound 0.5 hr 4 hr ED50 ToxicityD Additional Notes 


I - + b  61 (44-71)= a t  6 hr 1190 (982-1712) 


I1 - - nd nd 
I11 +++ +++ 23 (20-26) a t  4 hr 158 (117-183) a t  


Nontoxic a t  2000 IV - - See note 


a t  24 hr 


6 hr 


m g k  


- - nd nd 
- - 270 (227-321) a t  8 hr Nontoxic a t  2000 


V 
v1 


Onset of MES activity was 2-4 hr. Doses of 133 mg/kg showed 
protection at  24 hr. Doses of 1000-1500 mg/kg showed a slow 
onset of neurotoxicity (8-20 hr), lasting more than 48 hr. 


- 
- 


At 2000 mg/kg, 4/8 animals were protected a t  192 hr. At 1000 
mg/kg, maximum protection was a t  24 hr, and 4/8 remained 
protected a t  48 hr. 


- 
- 


mdkg  
A description of the assay methods appears in the Ex erirnentol section. * The +++, ++,and + signify activity at 30,100, and 300 mgkg,  respectively; - indicates 


no activity was observed. The 95% confidence limits. g o t  done. 


tabolites, it has a significant influence on blood levels and 
the duration of action of phenytoin. It was reasoned that 
by addition of fluorine atoms to the aromatic ring, it might 
be possible to slow or block this metabolic pathway and 
thus provide compounds of a longer duration of action than 
phenytoin. This change also offered the potential of pro- 
viding compounds with a different spectrum of anticon- 
vulsant activity. 


The addition of fluorine atoms offered the advantage 
of being the smallest possible change to the phenytoin 
molecule next to isotopic substitution. Also, it was thought 
that  these compounds could serve as standards for work 
related to 18F-phenytoin derivatives as potential organ- 
scanning agents (8,9). The synthesis of six different fluo- 
rinated phenytoin analogs is reported here, with results of 
initial screening in anticonvulsant assays. 


RESULTS AND DISCUSSION 


Fluorinated phenytoin analogs I-IV and VI were prepared by a Bu- 
cherer synthesis, modified by the method of Henze and Isbell (lo), from 
the corresponding henzophenone, potassium cyanide, and ammonium 
carbonate with acetamide as solvent. Compound V was prepared from 
urea and 3,3-difluorobenzil, available through the benzoin condensation 
of 3-fluorohenzaldehyde. 


The results of maximum electroshock seizure (MES) assays of I-VI 
appear in Table I. The compounds were not active in subcutaneous 
pentylenetetrazol (sc-Met) assays. The observed restriction of activity 
to the maximum electroshock seizure assay was similar to that of phen- 
ytoin. Activity was noted in I, IV, and VI, which contain a fluorine atom 
in a t  least one 4-position, and in 5-(2-fluorophenyl)-5-phenylhydantoin 
(111). The compounds were considerably less active than phenytoin [EDm 
= 9.5 mg/kg for phenytoin (ll)]. Although not potent, I, IV, and VI were 
of an extremely long duration of action: up to more than 7 days duration 
for IV and 8-48 hr for the doses of I and VI tested. Additionally, the 
compounds were very slow in onset of activity, requiring several hours 
to reach peak activity. 


If the substitution of a fluorine atom at the para-position in phenytoin 
yielded a compound protected from metabolic conversion to an inactive 
metabolite, I and IV would be less readily hydroxylated and would be 
more potent than phenytoin, but this behavior was not observed. Addi- 
tionally, since IV has fluorines a t  both para-positions, it should be more 
active than I since I retains one possible site for metabolic inactivation. 
This hypothesis is also contrary to the results observed. 


XI' 


'NH 
I 


I: X, = 4-F, X, = H 
11: X, = 3-F, X, = H 


111: X, = 2-F, X, = H 
IV: X, = 4-F, X, = 4-F  


3-F V: X, = 3-F, X, 


Since the addition of fluorines in the para-position results in com- 
pounds with reduced activity compared to phenytoin, factors other than 
metabolic deactivation (e.g., steric, electronic, and partitioning) must 
contribute to the observed low activity. The reported absence of activity 
of other para-substituted phenytoin analogs, especially halogenated or 
methyl-substituted analogs (12,13), is similar to that observed with these 
fluorinated analogs. 


The slow onset of action is difficult to explain satisfactorily. A latent 
period before onset of pharmacological activity is usually interpreted to 
indicate that activity may be mediated by formation of an active me- 
tabolite or alteration of enzyme levels by alteration of the rate of synthesis 
or degradation, which requires some time for these changes to occur. 
These interpretations assume that drug absorption is not rate !imiting, 
which seems to be valid in these cases since the compounds are very 
similar to phenytoin. Although these possibilities potentially exist for 
the fluorinated phenytoin derivatives, no evidence in this work supports 
such an explanation. 


The presence of activity in para-substituted compounds and not in 
meta-substituted compounds (I1 and V) is aho puzzling. However, in view 
of the low potency of the p-fluoro-substituted compounds, this difference 
is not worthy of protracted speculation. Too few meta-substituted sys- 
tems have been studied to allow valid comparison of I1 and V with other 
related compounds. 


Only III,5-(2-fluorophenyl)-5-phenylhydantoin, showed reasonable 
activity, being slightly less than half as potent as phenytoin on a molar 
basis and less than half as neurotoxic (TDm = 158 uersus 65 mg/kg). 


In conclusion, the long duration of activity of I, IV, and VI is notable. 
However, the low potency of these compounds suggests that preparation 
of other compounds is probably of higher priority than intensive inves- 
tigation of the behavior of these phenytoin analogs. The significant de- 
crease in activity of the analogs suggests that  there may be only a very 
limited number of successful modifications of the aromatic ring possible, 
a t  least a t  the meta- and para-positions. 


EXPERIMENTAL 


5-(4-Fluorophenyl)-5-phenylhydantoin (1)--A mixture of 2.00 g 
(0.010 mole) of 4-fluorobenzophenone, 0.75 g (0.011 mole) of potassium 
cyanide, 1.0 ml of water, and 3.00 g (0.032 mole) of powdered ammonium 
carbonate in 20.0 g of acetamide was heated in a Parr bomb a t  125-130' 
for 24 hr. After cooling, the bomb was opened and 300 ml of water was 
added. The resulting mixture was acidified (hood, hydrogen cyanide 
evolved), and the precipitate removed by filtration. Recrystallization from 
ethanol-water afforded I as off-white crystals, 2.70 g (52% yield), mp 
274-276'. 


Anal.-Calc. for C I ~ H ~ ~ F N ~ O ~ :  C, 66.67; H, 4.07; N, 10.35. Found: C, 
66.42; H, 4.01; N, 10.29. 
5-(3-Fluorophenyl)-5-phenylhydantoin (II)-3-Fluorobenzo- 


phenone was prepared from 3-fluorobenzoyl chloride, which was prepared 
by refluxing 3-fluorobenzoic acid with 50% molar excess of thionyl 
chloride for 1 hr followed by distillation, and henzene in the presence of 
anhydrous aluminum chloride. 3-Fluorobenzophenone was obtained in 
a 50% yield, bp 112-114'/0.9 mm, mp 52-54' [lit. (14) mp 53'].3-Fluo- 
robenzophenone was converted to I1 by the procedure described for the 
preparation of I. Compound I1 was obtained in a 48% yield, mp 246- 251' 
(ethanol-water). 


Anal.-Calc. for C15HllFN202: C, 66.67; H, 4.07; F, 7.04; N, 10.35. 
Found: C, 66.39; H, 3.98; F, 7.31; N, 10.41. 
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5-(2-Fluorophenyl)-5-phenylhydantoin (111)-By a procedure 
analogous to that for the preparation of I, the title compound was pre- 
pared from 2-fluorobenzophenone in a 27% yield, mp 264-266’. 


Anal.-Calc. for Cl5Hl,FN202: C, 66.67; H, 4.07; N, 10.35. Found C, 
66.15; H, 3.99; N, 10.51. 
5.5-Bis(4-~uoro~henvl)hvdantoin (IV)-By a procedure analogous . -  - 


to that fo; the preparati&.of I, the title compound was prepared from 
4,4’-difluorobenzophenone in a 50% yield, mp 310-312’. 


Anal.-Calc. for C15H10F2N202: C, 62.50; H, 3.47; F, 13.16; N, 9.72. 
Found: C, 62.03; H, 3.46; F, 13.37; N, 9.59. 
5,5-Bis(3-fluorophenyl)hydantoin (V)-This compound was pre- 


pared from 3,Y-difluorobenzil and urea by the general hydantoin syn- 
thesis described by Adams et  al. (15). A mixture of 1.95 g (0.03 mole) of 
potassium cyanide, 15 ml of water, 30 ml of ethanol, and 18.60 g (0.15 
mole) of 3-fluorobenzaldehyde was refluxed for 30 min and cooled in an 
ice bath to effect crystallization. The crude product was collected, washed 
with cold 50% aqueous alcohol and water, and dried, affording 11.40 g 
(66% of theory) of the benzoin, mp 77-79O. 


A mixture of 9.93 g (0.04 mole) of the crude benzoin, 40 ml of acetic 
acid, and 2.80 g (0.34 mole) of concentrated nitric acid was heated on a 
steam bath for 3 hr. Then water, 150 ml, was added. On cooling, the crude 
benzil was deposited, 9.20 g (93% yield). 


A mixture of 1.80 g (4.06 mmoles) of the benzil, 0.50 g (8.33 mmoles) 
of urea, 15 ml of ethanol, and 13 ml of 30% aqueous potassium hydroxide 
was refluxed for 2 hr. Then 25 ml of water was added, and the solution 
was filtered. Acidification afforded the desired hydantoin, 325 mg (28% 
yield), mp 238-240O. 


Anal.-Calc. for C15H10FzN202: C, 62.50; H, 3.47; F, 13.16; N, 9.72. 
Found: C, 62.04; H, 3.41; F, 12.89; N, 9.85. 
5-(3-Fluorophenyl)-5-(4-phenyl)hydantoin (V1)-This compound 


was prepared from 3.4’-difluorobenzophenone by a procedure similar to 
that for the preparation of I. The product was obtained in 58% yield, mp 
279-280’ (dioxane-water). 


Anal.-Calc. for C I ~ H ~ O F ~ N ~ O ~ :  C, 62.50; H, 3.47; F, 13.16; N, 9.72. 
Found: C, 62.21; H, 3.59; F, 13.08; N, 9.48. 


Pharmacological Testing’-All tests were performed on male Car- 
worth Farms No. l mice. All compounds were tested initially a t  three 
dosage levels (30,100, and 300 mg/kg) at 30 min and 4 hr after their in- 
traperitoneal administration. Four animals were injected with each dose. 
Thirty minutes later, each animal was examined for toxicity in the rotorod 
test. Immediately thereafter, anticonvulsant activity was evaluated by 
subjecting one mouse to the protection against the maximal electroshock 
seizure test and another to the subcutaneous pentylenetetrazol (sc-Met) 
test. 


1 Compounds were tested for anticonvulsant activity by the Anticonvulsant 
Screening Project, Antiepileptic Drug Development Program, Epilepsy Branch, 
National Institute of Neurolo ical and Communicative Disorders and Stroke, 
National Institutes of Health, bethesda, MD 20014. 


The same tests were repeated 4 hr later on the two remaining mice. All 
compounds were solubilized in 30% polyethylene glycol 400 and admin- 
istered intraperitoneally in a volume of 0.01 ml/g. The EDm and TDm 
values and their confidence limits were determined by probit analysis 
and/or by the method of Litchfield and Wilcoxon (16). 


Maximum electroshock seizure activity is defined as abolition of the 
hindlimb tonic extensor component of the maximal electroshock seizure 
elicited in mice with a 60-Hz alternating current of 50 mamp delivered 
for 0.2 sec uia corneal electrodes. Subcutaneous pentylenetetrazol activity 
is defined as failure to observe even a threshold seizure (a single episode 
of clonic spasms of at least 5 sec). Neurologic toxicity is defined as failure 
of an animal to remain for 1 min on a 2.54-cm diameter knurled plastic 
rod rotating at 6 rpm. 
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RISKING PUBLIC CREDIBILITY 
“Wolf! Wolf!” they cried, and the fattened calves no longer came to 


market. This resulted because of fear that hormone-supplemented animal 
feed might lead to residues in meat and, upon consumption, such residues 
would induce cancer in those people ingesting such products. 


“Wolf! Wolf!” they cried, and food store shelves were swept clean of 
cyclamate sweetener products, also out of fear of their alleged carcinoge- 
nicity. 


“Wolf! Wolf!” they cried, and we witnessed the ludicrous sight of state 
highway crews in Maryland digging up roads in an effort to eliminate as- 
bestos-containing gravel which also has been suspected of having carci- 
nogenic properties. 


And so on, we have witnessed a whole host of products indicted as can- 
cer-causing agents that must be eliminated from the marketplace a t  any 
and all costs. 


Initially, such accusations were made carefully, and only after reasonable 
proof was produced, as in the case with smoking as a causative factor with 
regard to lung, throat, and mouth cancer. But the movement rapidly has 
escalated in more recent years to the point where reckless charges are 
leveled and corrective actions are quickly initiated on the basis of only the 
most meager evidence. It is almost as if the political excesses of the French 
Revolution, or of the Senator McCarthy era in the United States, had been 
revived in the guise of misdirected science and runaway regulation. 


Smoked bacon, charcoal-grilled steaks, chlorine-treated drinking water, 
plastic soft drink bottles, fire-resistant treated sleepwear, hair dyes, and 
saccharin are just a few of the many other familiar products which have 
been tarred with the broad brush of “carcinogenic” often on the flimsiest 
of grounds. 


But recently there are signs that the broad swing of the pendulum may 
have reached its zenith and that it is returning toward reasonableness. 


“Regulation” in its general sense appears to be growing less popular with 
President Carter and his White House advisors. The President’s economic 
report to Congress in late January suggested that compliance with over- 
zealous environmental, health, and safety regulations represents a big drag 
on productivity. Although regulation is certainly worthwhile, the report 
went on to declare that “regulation is very costly; benefits should be closely 
compared with costs.” 


But even more targeted to the cancer-scare phobia discussed above, we 
were gratified to read some words of sanity coming from a very unexpected 
source-the Consumer Product Safety Commission, a relative new-comer 
agency on the federal scene, and one that on other matters has generated 
a rather deserved label of being “an extremist in the pursuit of safety.” 


No less than the vice-chairman of the CPSC, Commissioner Barbara 
Hackman Franklin, has been telling a variety of public and private groups 
such down-to-earth things as: “You can’t just ban things because they 
cause cancer. That’s too simple.” 


Our scientist-readers may not be impressed with this statement, but 
in politically-sensitive Washington to speak such truths is seen as ca- 
reer-suicide or even heresy. Heads have been known to roll for much less 
reason. 


But as Commissioner Franklin wisely has pointed out in a series of 
speeches she has delivered over the past year: Consumers are confused 
and being increasingly “turned off” by the bombardment of waruings 
about the cancer-causing potential of many products. People wan8 an- 
swers about causes of cancer, but they are frustrated by the proliferation 
of cancer warnings. 


She has been preaching a message in her talks across the country that 
we need to generate a unified, thoughtful, and well-reasoned approach to 
regulatory actions intended to protect the public against real cancer 
threats. She has even addressed President Carter on several occasions with 
specific proposals to “plot an effective course of action which would make 
sense for industry, government, and most of all, for consumers-those 
who feel increasingly confused or cynical.” 


Commissioner Franklin appears to be saying to all who will listen bhat 
we can only tell people “Wolf! Wolf!” so often before both scientists and 
political leaders lose their credibility on the subject. Then the public will 
not believe us even when something comes along with a 100% fatality gate 
in submicro quantities! -EGF 
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Abstract  0 Equilibrium dialysis was used to assess factors influencing 
quinidine binding to serum proteins. Binding was not influenced by 
prolonged storage a t  -20' or by variation in total serum quinidine con- 
centrations over a clinically relevant range. Protein binding decreased 
with increasing temperature between 24 and 37' ( p  < 0.001) and when 
total serum protein concentrations were decreased from 6.0 to 2.6 g/lOO 
ml by dilution with phosphate buffer. The addition of therapeotic con- 
centrations of salicylic acid, phenylbutazone, and tolbutamide signifi- 
cantly reduced quinidine binding (p < 0.0251, but 10 other commonly 
coadministered drugs did not. Displacement of quinidine by salicylic acid 
was nonlinear; the extent of displacement increased with increasing total 
quinidine Concentrations. The unbound quinidine fraction among 12 
healthy subjects varied almost twofold and was partly explained by dif- 
ferences in serum albumin concentrations within the usual range of 
normal (3.9-4.8 g/100 ml). Pharmacokinetic analysis was performed on 
simultaneous total and unbound serum quinidine concentrations in 12 
volunteers who received single intravenous doses of quinidine lactate. 
The mean elimination half-lives of total and unbound quinidine were not 
significantly different. However, the mean volume of distribution and 
total metabolic clearance of unbound quinidine were considerably greater 
than those determined using total drug concentrations. Renal clearance 
of free quinidine exceeded creatinine clearance, consistent with tubular 
secretion of the unbound fraction. Between-subject variability in elimi- 
nation half-life and metabolic clearance of quinidine was less when free 
rather than total serum concentrations were analyzed. Acute ECG 
changes due to intravenous quinidine correlated better with unbound 
than with total drug concentrations. Thus, measurement of unbound as 
well as total serum quinidine concentrations may provide additional 
understanding of variations between individuals in pharmacokinetics 
and clinical effects of quinidine. 


Keyphrases 0 Quinidine-pharmacokinetic and clinical implications 
of protein binding, equilibrium dialysis Protein binding-quinidine, 
clinical implications 0 Pharmacokinetics-quinidine, clinical implica- 
tions of protein binding, equilibrium dialysis o Cardiac depressants- 
quinidine, pharmacokinetic and clinical implications of protein 
binding 


The measurement of plasma or serum levels of drugs as 
a means of monitoring and titrating clinical response is 
widely accepted (1); but for many drugs, serum concen- 
trations and clinical effects are not well correlated. A major 
factor may be variability in protein binding of the drug in 
serum. The degree of protein binding of extensively bound 
drugs is a major determinant of the intensity and duration 
of pharmacological action (2-7). Only unbound or free drug 
can diffuse across membrane barriers to the sites of 
pharmacological activity or of metabolic alteration or ex- 
cretion from the body. Since quinidine is approximately 
70-80% bound to serum proteins (8, 9), alterations in 
quinidine binding may contribute to the variability in 
clinical response (10,ll).  


An equilibrium dialysis technique was used to assess 
protein binding of quinidine. Some factors that contribute 
to alterations in binding are identified. The potential 
clinical significance of individual differences in protein 
binding was assessed in a study relating the acute ECG 
effects of intravenous quinidine to the pharmacokinetics 
of total and unbound drug. 


EXPERIMENTAL 


Determination of Total end  Unbound Quinidine-DiaLysis- 
Equilibrium dialysis as described by Hughes et al. (12) was used with 
modifications. Plasma or serum was incubated with quinidine sulfate and 
other drugs a t  room temperature for a t  least 30 min prior to dialysis. 
Serum specimens from volunteers receiving quinidine were kept frozen 
a t  -20" and thawed just prior to dialysis. 


Equilibrium dialysis of 2 ml of plasma or serum was carried out with 
15-cm strips of cellulose dialysis tubing' that were treated with distilled 
water a t  100' for 4 hr and then rinsed with cold distilled water. The in- 
tegrity of all bags was checked, and they were used immediately after 
preparation. The tubing ends were sealed by double knots, and the bags 
were then suspended in 7.5 ml of pH 7.4 phosphate buffer (14.11 g of 
KpHP04hiter, 2.59 g of KHnP04/liter, and 1.99 g of NaClhiter) and di- 
alyzed for 20 hr a t  37' with gentle agitation. 


Quantitation o/ Quinidine-A modification of the method of Cramer 
and Isaksson (13) was used to assay quinidine in all specimens. Serum 
or dialysate (0.5-1.0 ml) was alkalinized with 1 ml of 0.1 N NaOH and 
extracted with 7.5 ml of toluene (containing 1.5% isoamyl alcohol). After 
shaking (5 min) and centrifugation (10 min a t  3000 rpm), 5 ml of the or- 
ganic layer was removed and back-extracted with 5 ml of 0.1 N HnS04. 
The toluene layer was discarded, and the fluorescence of an aliquot of 
the acidic aqueous phase was measured using a spectrophotofluorometer* 
a t  an excitation of 350 nm and an emission of 450 nm. This method has 
a sensitivity limit of 0.03 fig/ml and is linear through concentrations of 
at least 20 fig/ml. The coefficient of variation of replicate samples was 
less than 3%. 


Recent studies assessed the specificity of the extraction-fluorescence 
technique. In a number of reports, serum quinidine concentrations de- 
termined by extraction-fluorescence were essentially identical to those 
determined by more specific chromatographic methods (14-18). In two 
other studies, the fluorescence assay yielded concentrations 5-20% higher 
than chromatographically determined levels (19, 20). The difference is 
apparently due to lluorescent quinidine metabolites that are not entirely 
excluded by the extraction. Additional alkaline washing of extracts prior 
to quantitation by fluorescence improves specificity (21). 


In any case, overestimation of quinidine concentrations by the assay 
method used in the present study, if it did occur, would be relatively small 
and unlikely to introduce important errors in pharmacokinetic calcula- 
tions. This is particularly true for plasma concentration determinations 
following single doses of quinidine since accumulation of metabolites 
would be minimal. 


In Vitro Studies-Method Assessment-The following studies em- 
ployed blood bank plasma to which indicated amounts of quinidine sul- 
fate and other drugs were added. 


1. Recovery was assessed in replicate samples containing quinidine 
sulfate, 0.5-10 Fg/ml ( n  = 12). 


2. Reproducibility was determined in multiple specimens containing 
quinidine sulfate, 0.5-20 fig/ml, and the coefficient of variation (CV = 
standard deviation divided by the mean, expressed in percent) a t  each 
drug concentration was calculated. 


3. The time necessary to reach equilibrium was determined by di- 
alyzing replicate plasma specimens containing 5 fig of quinidine sul- 
fate/ml a t  37' for 6,12,18,20,22, and 26 hr. 


4. Dialysis of replicate specimens at both room temperature (24') and 
a t  3 7 O  was compared. 


5. Concentration dependence of protein binding of quinidine was 
determined by dialyzing replicate specimens containing 0.5,1.0,5.0, and 
10 fig of quinidine sulfate/ml. 


6. Protein concentration was varied by diluting plasma with phosphate 


Size 20,25225-2'26. VWR Scientific Inc., Newton Upper Frills, Mass. * American Instrument Co., Silver Spring, Md. 
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Table I-Effects oP Drugs on Quinidine Protein Binding 


Level of 
Quinidine Protein Binding", Value of Significance 


Concentration, Mean (kSD) Percent Unbound Student's (Two-Tailed) 
Added Drug ue/ml Without Added Drug With Added Drue Indeoendent t Test) 


______ ~~ ~ 


Propranolol 0.1 


Salicylic acid 200.0 
Phen ylbutazone 100.0 
Phenytoin 20.0 
Tolbutamide 75.0 
Diazepam 1.0 
Sulfisoxazole 100.0 
Pentobarbital 3.0 
Trichloroacetic acid 100.0 
Digoxin 0.002 
Acetaminophen 10.0 
C hlordiazepoxide I .o 


Warfarin 5.0 
28.9 (f1.3) 
27.2 (f1.2) 
27.8 (f1.5) 
28.8 (12.1) 
28.7 (f1.4) 
29.4 (f2.6) 
31.4 (f2.7) 
30.6 (f0.5) 
30.2 (fO.9) 
30.4 (f2.1) 
29.3 (fl.8) 
30.7 (f2.3) 
28.8 (f0.8) 


29.0 (f3.1) 
28.6 (f1.5) 
30.5 (f0.9) 
31.7 (f1.4) 
30.0 (f2.0) 
34.0 (fl.1) 
29.8 (fl.1) 
29.4 (f3.0) 
29.9 (f1.7) 
29.4 (f1.4) 
29.9 (f1.5) 
31.0 ( f l . O )  
28.5 (f0.5) 


0.07 
1.81 
3.86 
2.85 
1.28 
3.97 
1.35 
0.99 
0.38 
0.93 
0.59 
0.32 
0.73 


NS * 
NS 


p < 0.005 
p < 0.025 


NS 
p < 0.005 


NS 
NS 
NS 
NS 
NS 
NS 
NS 


0 Quinidine sulfate concentration in all samples waa 5 Cg/rnl; n = 6 except for chlordiazepoxide where n = 5. b Not significant 


buffer a t  pH 7.4. Replicate specimens (with a quinidine sulfate concen- 
tration of 5 pg/ml) a t  each dilution were dialyzed. 


7. The effect of storage of serum samples a t  -20" on protein binding 
of quinidine was examined by comparing binding in a fresh specimen of 
plasma to binding after freezing overnight and thawing to room tem- 
perature. 


8. The effect of blood collection methods on quinidine protein binding 
was determined by transferring aliquota of a freshly drawn blood sample 
into: ( a )  a glass tube, ( b )  an additive-free (red-top) evacuated blood 
collecting tube3 without contact with the rubber stopper, and (c) an 
evacuated tube with the sample contacting the rubber stopper. 


In Vitro Drug Interactions-The effect of the following drugs, pre- 
pared in the therapeutically relevant concentrations (Table I) using ab- 
solute ethanol and distilled water, on quinidine protein binding was tested 
in replicate blood bank plasma samples containing 5 pg of quinidine 
sulfate/ml: phenylbutazone, digoxin, pentobarbital, phenytoin, tolbu- 
tamide, salicylic acid, acetaminophen, propranolol, warfarin, sulfisoxa- 
zole, chlordiazepoxide, diazepam, and trichloroacetic acid. 


All drugs were added to plasma specimens and incubated a t  room 
temperature for a t  least 30 min prior to dialysis. The diluate for the added 
drugs (absolute ethanol and water) did not influence quinidine binding. 
Control samples containing 5 pg of quinidine sulfate/ml alone were an- 
alyzed in parallel. 


The interaction of salicylic acid and quinidine was studied in detail 
in freshly obtained human plasma. A series of samples containing 5 pg 
of quinidine sulfate/ml with salicylic acid concentrations varying from 
20 to 400 pglml was dialyzed. A series of replicate samples containing 200 
pg of salicylic acid/ml with quinidine sulfate concentrations varying from 
0.5 to 20 pg/ml also was dialyzed. 


Clinical Studies-Intravenous (5 mg/kg) quinidine base as the lactate 
salt was administered by 15-min infusion to 12 healthy young volunteers 
who gave written informed consent (22). Free and total quinidine con- 
centrations in multiple serum samples drawn in the 30 hr after each dose 
were measured as already described and analyzed by iterative weighted 
nonlinear least-squares regression techniques (22). All urine was collected 
in divided samples for 48 hr. Urinary excretion of quinidine over 48 hr 
and the apparent excretion rate constant were used to determine the 
projected cumulative urinary excretion of quinidine. The following 
pharmacokinetic variables were then determined for total and free 
quinidine: elimination half-life, total volume of distribution, total met- 
abolic clearance, and renal clearance. 


Acute ECG effecta immediately following the intravenous infusion were 
analyzed by a blind observer. Changes in ventricular rate, corrected QT, 
and QRS intervals were quantitated. The relation of these changes to free 
and total drug levels was assessed by linear regression analysis. 


Within-subject variability in quinidine protein binding was assessed 
in seven patients who received quinidine on more than one occasion 
separated by a t  least 2 weeks. 


RESULTS 


Method Evaluation-Mean (fSD) recovery was 99.4 f 1.6% ( n  = 12) 
when dialysis bags were used immediately after preparation. 


3 Vacutainer. Becton-Dickinson and Co., Rutherford, N.J. 


The coefficient of variation for replicate specimens of quinidine sulfate 
concentrations ranging from 0.5 to 20 pg/ml was always less than 5%. 
Protein binding was not altered by freezing and storage of serum samples. 
Contact with rubber stoppers resulted in a small increase in the unbound 
quinidine fraction (19.0 versus 22.4% unbound). Equilibrium was com- 
plete by 18 hr of dialysis, and no further changes in protein binding were 
seen through 26 hr of dialysis. At 24", quinidine was 25.1 f 0.8% unbound 
( n  = 7) as compared to 29.6 f 0.6% ( n  = 5 )  at 37" ( t  = 10.18, p < 
0.001). 


Serial dilution of plasma to 40% of the original concentration increased 
the unbound fraction from 32 to 44% (Fig. 1). Total protein concentra- 
tions of progressively diluted samples ranged from 6.0 to 2.6 g/100 ml, 
and albumin concentrations ranged from 3.9 to 1.5 g/100 ml. 


A t  normal concentrations of serum proteins, there was no saturability 
in protein binding as quinidine sulfate concentrations were increased 
through the therapeutically relevant range from 0.5 to 10.0 pg/ml. 


Drug Interactions-Salicylic acid, phenylbutazone, and tolbutamide 
significantly reduced quinidine protein binding (Table I). Other drugs 
had no significant effect. 


Binding of quinidine in the presence of salicylic acid (200 pg/ml) de- 
creased from 82.5 to 69.0% as the quinidine concentration was increased 
from 0.25 to 20 pg/ml. Quinidine binding a t  5.0 p g / d  decreased from 83.0 
to 72.5% as the salicylic acid concentration was increased from 20 to 400 
pglml (Fig. 2). 


Clinical Studies-The mean percent of unboand quinidine among 
the 12 volunteers ranged from 18.7 to 30.3% (Fig. 3). This variability was 
partly related to differences in the serum albumin concentrations ( r  = 
-0.569, p < 0.05) (Fig. 3). Pharmacokinetic data for free and total 
quinidine are summarized in Fig. 4. Use of total rather than unbound 
quinidine concentrations in pharmacokinetic analyses does not influence 
the half-life estimation but results in substantially lower values for the 
volume of distribution and total clearance. 


Renal clearance of quinidine based upon total serum levels (1.44 
ml/min/kg) averaged slightly less than creatinine clearance (1.58 ml/ 
min/kg), but renal clearance of unbound quinidine-the fraction available 
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Figure 1-Effect of plasma dilution on quinidine protein binding. Blood 
bank plasma was diluted with phosphate buffer, decreasing total protein 
concentration from 6.0 to 2.6 g/100 ml. The quinidine sulfate concen- 
tration was 5 pglml in all samples, and each point is the mean ( f S E )  
of fioe determinations. 
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Figure 3-Variation of quinidine protein binding with serum albumin 
in 12 healthy young volunteers. Each point is the mean of two or more 
determinations. The dashed line was determined from least-squares 
regression analysis (r = -0.57, p < 0.05). 


limit of the therapeutic range for this drug. When dialysis bags are pre- 
pared and used immediately, recovery is essentially.10096 complete. Delay 
in using the dialysis bags increases variability and decreases recovery, 
presumably due to binding of quinidine by the cellulose tubing. Although 
some investigators added bactericidal agents to their dialysis solutions 
(12), this step is generally not necessary. Some turbidity of the phosphate 
buffer dialysate is observed after 24 hr of dialysis, but protein binding 
is unchanged between 18 hr of dialysis, when the solution is clear, and 
24 hr. 


Since quinidine protein binding may be influenced by collection of 
blood into heparinized tubes (24), all of the blood samples were collected 
into nonheparinized tubes. Contact of the sample with the red rubber 
stopper of collection tubes slightly reduced the extent of binding, but the 
difference was small and unlikely to be of clinical importance. 


Increased temperature, decreased protein concentration, and the 
presence of certain drugs that are highly protein bound can increase the 
unbound or free fraction of quinidine within the therapeutic range. With 
salicylic acid, the displacement effect was nonlinear. Salicylic acid not 
only decreased quinidine protein binding a t  any given quinidine con- 
centration, but the displacement effect was greater a t  higher quinidine 
concentrations. This interaction might cause a disparity between total 
blood level and expected clinical effect in the therapeutic range and 
disproportionately greater toxicity a t  higher blood levels. 
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Figure 2-Effect o/salicylic acid (SA) on quinidine binding. The solid 
line represents the effect of a therapeutic serum concentration of sali- 
cylic acid (200 pglml) on the saturability of quinidine protein binding 
where the quinidine sulfate concentration was increased from 0.5 to 20 
pg/ml. The dashed line shows the progressive increase in the unbound 
fraction of quinidine sulfate (5 jg/ml) as the salicylic acid concentration 
was increased from 20 t o  400 Nglml. Each point is the mean (&SE) of 
three or four determinations. 


for filtration-averaged 5.97 ml/min/kg. This amount exceeds creatinine 
clearance and suggests that  the unbound fraction undergoes tubular 
secretion. Figure 5 shows representative serum concentration curves for 
free and total quinidine. 


Individual differences in protein binding partly explained the differ- 
ences between subjects in pharmacokinetic variables and in acute clinical 
effects as determined by acute ECG changes. The percent unbound 
quinidine was significantly correlated with total clearance ( r  = 0.68, p 
< 0.05). Correlations of percent unbound with elimination half-life ( r  = 
0.48) and volume of distribution ( r  = 0.24) did not reach significance. Two 
of the three ECG changes correlated better with free than with total 
quinidine concentration (Table 11). 


In contrast to the substantial between-subject differences in protein 
binding, within-subject variation from time to time was minimal in six 
of seven subjects and varied by less than 20% in the seventh. Differences 
were not related to minor changes over time in serum albumin concen- 
tration. 
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3 DISCUSSION 


Equilibrium dialysis for determination of quinidine protein binding 
utilizes a well-validated approach (23) and has proved to be reliable and 
reproducible. The method has a sensitivity limit of 0.25 pg of total 
quinidinehl of the original serum sample, which incorporates the lower 
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Table 11-Relation of Total  and Unbound Serum Quinidine 
Concentrations to Acute ECG Effects 


Correlation Coefficients for ECG 
Changes versus Peak Serum 
Quinidine Concentrationo 


Number of 
ECG Changeb Data Pairs Total Unbound 


RS duration 12 0.279 0.536c 
orrected QT interval 10d 0.626' 0.58lC 


12 0.050 0.64gc 
? 
Ventricular rate 


Peak roncentrations reached at the end of the 15-min infusion. * Changes over 
prequinidine baseline values. c p < 0.05. d Corrected QT interval could not be de- 
termined for two subjects. 


2. 


101.1 s- - 0 i? + 0.0 


d'%. .. . .. 
-. 


Figure 4-Comparison of pharmacokinetics of unbound and total 
quinidine. Individual and mean (&SE) values of pharmacokinetic 
variables are shown for all 12 healthy volunteers. 
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Figure 5-Serum concentration curues for free and unbound quinidine 
in two volunteers who receiued a single intravenous dose of 5 nag of 
quinidine baselkg. Also shown are pharmacokinetic functions deter- 
mined by iteratiue least-squares regression analysis. 


Quinidine binding by blood bank plasma was frequently less extensive 
than with fresh serum or plasma. Preservative and/or anticoagulants 
added to bank specimens may explain this result. Protein concentrations 
of donors also may vary. Since some of the in uitro studies required large 
volumes of plasma, use of bank specimens was unavoidable. Although 
the same plasma pool was used for any given set of studies, the use of bank 
plasma with i ts  higher baseline unbound fraction might minimize ob- 
served displacement effects. For example, the use of a freshly obtained 
plasma specimen during the detailed quinidine-salicylic acid interaction 
study resulted in a much larger displacement effect (from 17 to 24% un- 
bound) than did the same concentrations of both drugs in bank plasma 
(from 27 to 30% unbound). Thus, the observations of protein-binding 
displacement interactions in the in uitro study probably are a conser- 
vative reflection of such interactions during actual drug therapy in hu- 
mans. 


Quinidine protein binding among the healthy volunteers on no other 
medication varied almost twofold. Some of this variability was related 
to differences in serum albumin concentrations, even though all albumin 
concentrations were in the normal range and did not vary greatly (3.94.8 
g/1W ml). a-Lipoprotein concentrations were not measured but may also 
contribute to differences in binding. These clinical findings confirm the 
in uitro data and suggest that hypoalbuminemic patients are a t  greater 
risk from quinidine toxicity even a t  total serum quinidine levels within 
the therapeutic range. 


Pharmacokinetic studies of free quinidine yield values of volume of 
distribution and total clearance that are much larger than those deter- 
mined using total (free plus bound) quinidine levels. Although these 
calculations do not identify the precise sites of drug distribution (25), the 
findings suggest that quinidine distribution is more extensive than that 


predicted by total drug concentrations. In addition, renal clearance of 
unbound quinidine exceeds creatinine clearance, consistent with renal 
tubular secretion of the unbound drug. 


Measurement of free quinidine decreased the between-subject vari- 
ability in some pharmacokinetic variables. The coefficient of variation 
for elimination half-life was 35% when total drug data were used and 24% 
when free drug data were used. Likewise, the coefficient of variation of 
total metabolic clearance decreased from 30 to 23% when free drug data 
were used. Variability in protein binding appears to contribute to vari- 
ability in both clearance and elimination half-life values. 


Differences in protein binding also contributed to variability in the 
clinical response. Peak free drug levels ranged from 0.64 to 1.6 pg/ml 
following a 5-mg/kg iv infusion, and these levels correlated significantly 
with changes in the heart rate, QRS duration, and corrected QT interval. 
Peak levels of total quinidine ranged from 1.7 to 5.0 pg/ml, and only the 
corrected Q T  interval was significantly related to total serum levels. 


Many factors can influence protein binding of quinidine. Two such 
factors analyzed in the present study-hypoalbuminemia and coad- 
ministration of other drugs-commonly occur among patients receiving 
quinidine. Other potential sources of variability need to be identified. 
These alterations in protein binding contribute importantly to variability 
in critical pharmacokinetic parameters as well as to the clinical response 
to this drug. 
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Abstract 0 The natural abundance I3C-NMR spectra of ampyrone and 
aminopyrine were obtained using the pulse Fourier transform technique. 
The chemical shifts were assigned with the help of the chemical shift 
theory, multiplicity generated in single-frequency off-resonance de- 
coupled spectra, relaxation time, and comparison with structurally related 
compounds. 


Keyphrases 0 Ampyrone-Fourier transform carbon-13 NMR spectra 
0 Aminopyrine-Fourier transform carbon-13 NMR spectra 0 NMR 
spectroscopy-ampyrone and aminopyrine 


The assignments of I3C-NMR chemical shifts of syn- 
thetic and natural therapeutic agents (1-6) initiated the 
carbon-13 analysis of 4-amino-1,5-dimethyl-2-phenyl- 
3H-pyrazol-3-one (I, ampyrone) and 4-dimethylamino- 
1,5-dimethyl-2-phenyl-3H-pyrazol-3-one (11, aminopy- 
rine), both of which possess antipyretic and analgesic 
properties. The natural abundance I3C-NMR spectra, both 
proton noise decoupled and single frequency off-resonance 
decoupled (SFORD), of ampyrone and aminopyrine were 
recorded using the Fourier transform technique. The 
proton noise-decoupled spectra gave the chemical shift of 
various carbon resonances of I and I1 while the SFORD 
spectra differentiated the methyl, methine, and quaternary 
carbons. 


The assignments of carbon-13 signals are based on the 
chemical shift theory, multiplicity generated in SFORD 
spectra, percent intensity of signals, and carbon chemical 
shifts of the model compounds. These studies could pos- 
sibly contribute toward the understanding of the bio- 
transformation of I and 11. 


EXPERIMENTAL 


The I3C-NMR spectra of ampyrone, aminopyrine, and 1.5-dimethyl- 
2-phenyl-3M -pyrazol-3-one were obtained on a spectrometer' operating 
a t  15.00 kHz. The samples were run in a 10-mm tube with deuterochlo- 
roform (3096 w/v) as an internal lock and solvent and tetramethylsilane 
as a reference. The spectrometer settings during the experiment were: 
spectral width, 4 kHz; pulse width, 18 msec (90"); repetition rates, 5,15, 
and 45 sec; and data points, 4 K. 


The TI measurements of these two compounds were carried out in 
undegassed solution and were automatically calculated* by least-squares 
analysis (10) of the plot of In ( I ,  - IT) uersus T. 


Jeol FX 60 spectrometer 
By FX-60 computer. 


8 


6 


I I1 


Ampyrone, aminopyrine, and antipyrine were obtained from com- 
mercial sourcesD. 


DISCUSSION 


Ampyrone (1)-The carbon-13 chemical shifts of I are recorded in 
Table I, and its carbon resonances are illustrated in Fig. 1. The proton 
noise-decoupled spectrum of I gave seven signals in the lower field region 
and two signals in the higher field region. The quartets centered a t  d 36.7 
and 9.0 ppm could be easily assigned to C-7 and C-6, respectively, on the 
hasis of chemical shift theory (7). 


Feeney et al. (8) obtained the 13C-NMR spectrum of 1,5-dimethyl- 
2-phenyl-3H-pyrazol-3-one (111, antipyrine) in dimethyl sulfoxide and 
reported the chemical shift of the ring carbon resonances relative to the 
upfield of carbon disulfide. To check the chemical shift of the carbons 
of two methyl groups present a t  positions 1 and 5 of the pyrazole ring in 
111, the proton noise-decoupled and SFORD spectra of 111 were recorded 
in deuterochloroform. The chemical shifts of the carbon signals of I11 
obtained are represented on the structure of I11 while the figures in pa- 
renthesis indicate the chemical shifts reported earlier (8). 


Table I-Carbon-13 Chemical Shifts of Ampyrone 
Relaxation 


Chemical Timed, 
Assignment a Multiplicity Shift' TI,  sec 


c - 3  S 160.7 27.4 
c - 5  S 136.3 18.9 
(2-1' 
(273' 
c-4' 
c-2' 


S 
d 
d 
d 


134.2 i7.8 
127.8 1.08 
124.4 0.77 
121.4 1.11 


c - 4  S 118.0 13.8 
C-7 q 36.7 1.55 
C-6 9 9.0 2.90 


Numbering of carbons are shown in the structure. b Signal multiplicity obtained 
from SFORD s = singlet, d = doublet, and q = quartet. c Chemical shifts are ex- 
pressed in parts per million relative to tetramethylsilone. The relaxation time 
was obtained in undegassed solution. 


Sigma Chemical Co.. St. Louis, Mo 
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Table IV-Predicted (Extrapolated) and Experimental (Actual) 
Deeradation Rate Constants at 25” for Formulations I-IV 


Degradation Rate Constants, 
k X lo-‘ 


Formulation Experimental a Predicted 


I 
I1 


111 
IV 


0.28 
0.54 
0.72 
3.49 


0.29 
0.58 
0.79 
2 22 


Ambient rmm temperature, 25 f 2’ 


responded with the slight increases in pH on dilution with water (Table 
111). 


A fair correlation was evident between the predicted and experimental 
degradation rate constants, k 2 y  (Table IV), thus supporting the predicted 
stohility values (Table 11). Preliminary IR studies showed a carbonyl band 
shift from 1595 cm-I of ~ m e t h i o n i n e ~ ,  where no bonding takes place, 
to 1640 cm-I when the amino acid was dissolved in propylene glycol, in- 
dicating weak hydrogen bonding. Similarly, weak hydrogen bonding was 
indicated between aspirin and propylene glycol because of a slight car- 
honyl band shift to a higher frequency. 


Kaydol, Ruger Chemical Co. ,  Irvington. N.J. 
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Abstract 0 A rat plasma salicylarnide assay was developed using ring- 
labeled tritiated salicylamide, synthesized by reacting salicylamide with 
tritium oxide in the presence of heptafluorobutyric acid. The reaction 
yielded 3HH-salicylamide of specific activity up to 8.41 mCi/mmole, 6096 
iield. Plasma containing 3HH-salicylarnide and its metabolites was ex- 
tracted with a toluene-based scintillation fluid, which was subsequently 
counted. Specificity for free salicylamide was demonstrated by radio- 
chemical and standard fluorescence plasma salicylamide level-time 
curves. Specificity resulted from nonextraction of the salicylamide sulfate 
and glucuronide metabolites. Sulfatase and /.l-glucuronidase treatment 
allowed the analysis of‘ plasma sulfate and glucuronide conjugates as free 
salicylamide. This procedure should be effective for the analysis of sali- 
cylamide and its metabolites in the presence of similar phenolic com- 
pounds. 


Keyphrases 0 Salicylamide--radiochemical analysis, from plasma, 
compared to tluorescence assay, rats 0 Radiochemistry-analysis, sali- 
cylamide in plasma, compared to fluorescence assay, rats 0 Fluorome- 
try-analysis, salicylamide in plasma, cornpared to radiochemical assay, 
rats 


In a study of the effects of alternate substrates on their 
ability to block temporarily the first-pass metabolism (1, 
2) of phenolic drugs, the oral administration of salicyl- 
amide to  rats was chosen as  a suitable animal model be- 
cause of the similarity of salicylamide’s metabolic behavior 
in rats (3-7) and humans (8,9). Numerous assays for sal- 
icylamide have been proposed (9-1 1). The fluorometric 
assay of Barr and Riegelman (9) is the most extensively 
used procedure for the analysis of salicylamide and its 


metabolites in biological fluids. This sensitive and specific 
fluorometric assay, along with a few modifications, has 
been the assay of choice in numerous studies (3 ,9 ,  12). 


Since the long-term objective of this project was to 
screen the effects of various alternate substrates on their 
ability to block temporarily the sulfation-glucuronidation 
first-pass effect of a model phenolic compound, salicyl- 
amide, many of the alternate substrates would most likely 
be other phenolic compounds. Some of these phenolic al- 
ternate substrates have physical, chemical, and fluo- 
rescense properties so similar to salicylamide that they 
interfere with the fluorometric procedure (9). For this 
reason, an assay for salicylamide and its metabolites was 
developed using ring-labeled tritiated salicylamide. The  
assay selectivity was due to the separation of salicylamide 
from its sulfate and glucuronide metabolites by a relatively 
nonpolar organic solvent. 


EXPERIMENTAL 
Reagents and Materials-All reagents were analytical grade, and all 


aqueous solut ihs  were prepared using glass-distilled, deionized water. 
The scintillation fluid was prepared by stirring overnight 1000 ml of 
toluene’ with 0.5 g of 1,4-bis[2-(4-methyl-5-phenyloxazolyl)jhenzene~ 
and 4 g of 2,5-diphenyloxazole2. 


’ Scintillation grade. Research Products International Corp., Grove Village, 
111. 


Amersham/Searle Corp.. Arlington Heights, I l l .  
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Tritiated Salicylamide Synthesis-A screw-capped Pyrex gless tube 
containing 300 mg of salicylamidey, 20 p l  of tritium oxide4, and 200 pl of 
heptafluorobutyric acids was maintained in a sealed metal container a t  
200-210° for 4 days. After being cooled to room temperature, the solid- 
ified contents were dissolved in a minimal amount of 0.25 N NaOH (-15 
ml). 


The solution pH was adjusted to 6 with 1 N HCI, and this solution was 
then extracted with 30 ml of ethyl acetate. The ethyl acetate layer was 
separated, washed twice with 30 ml of saturated sodium bicarbonate 
solution, and dried over anhydrous magnesium sulfate. The ethyl acetate 
was evaporated on a rotary evaporatorfi. 


The solid white material obtained was purified by vacuum sublimation 
a t  10 mm Hg and 118-122O. The isolated salicylamide specific activity 
varied from 5.24 to 8.41 mCilmmole. Labile tritium was assayed by 
standard methods and was negligil~le~. The radiochemical purity was 
determined by TLC". Chemical purity, checked qualitatively by melting 
points and quantitatively by fluorescence spectrophotometry, was 99- 
99.5%. The 3HH-salicylamide final yield was 180-200 mg. 


Animal Studies-Sixteen male Sprague-Dawley ratss (250-275 g) 
were used. The rats were fed standard rat chow and water ad libitum. 
Prior to oral salicylamide administration, the rats were fasted over- 
night. 


The oral salicylamide dose, 500 mg/kg, was prepared by dissolving the 
appropriate salicylamide and 3HH-salicylamide amounts in 1 N NaOH'O 
and adjusting the pH to 10 with dropwise addition of 1 N HCI. For ex- 
ample, a 250-g rat received 4.2 mg of :'H-salicylamide (8.4 mCi/mmole) 
and 120.8 mg of salicylamide. This aqueous salicylamide solution (1.5-2 
ml depending on the weight of the animal) was administered orally by 
intubation. After drug administration, the animals were placed in me- 
tabolism cages. 


Five minutes prior to predetermined times (15, 30, 60, or 90 min 
postdosing), each rat was anesthetized with ether, and 5-ml blood samples 
were removed from the inferior vena cava (after an abdominal incision) 
into an edetate sodium pretreated syringe. After centrifugation, duplicate 
5O-pl plasma samples were assayed for free salicylamide, salicylamide 
sulfate, and salicylamide glucuronide by the fluorescence and radio- 
chemical assays. 


Radiochemical Assay-Free plasma salicylamide was determined 
by adding 100 pl of a pH 7.0 phosphate buffer (0.2 M )  to 50 pI of plasma 
in a 50-1111 screw-capped centrifuge tubell and extracting with 16 ml of 
the toluene-based scintillation fluid. After agitation for 2 min and cen- 
trifugation, 15 ml of the upper toluene layer was transferred by disposable 
pipet to a 20-ml scintillation vialI2. The vial was stored in a dark place 
for 12-24 hr prior to counting. 


Radioactivity was determined by liquid scintillation countingI3 using 
the 3H optimized window. A blank was prepared from predosed tail vein 
plasma. Free salicylamide was determined from a previously prepared 
plasma standard curve. Correction for counting efficiency was not nec- 
essary because the external standard channel ratio remained essentially 
constant and equal for the standard curve and the measured plasma 
samples. 


Plasma salicylamide glucuronide was determined as free salicylamide 
obtained after salicylamide glucuronide hydrolysis with 8-glucuroni- 
daseI4. 8-Glucuronidase (25 pl, 125 units) and 0.5 ml of 0.1 M pH 5.0 ac- 
etate buffer Were added to the 50-rl plasma sample and incubated in a 
constant-temperature shaking water bath15 a t  37" for 16 hr. The incu- 
bation mixture was assayed for free salicylamide as described. 


Salicylamide sulfate was determined as free salicylamide after hy- 
drolysis of a 5O-pl plasma sample with sulfatase (175 units), 0-glucu- 


Eastman K d a k  Co., Rochester. N.Y. 
Specific activity of 5 Ci/ml. Amersham/Searle Corp., Arlington Heights, 111. 
Aldrich Chemical Co., Milwaukee, Wis. 
Buchi Rotavapor, Brinkmann Instruments, Westbury. N.Y. 
Approximately 5 mg of 3HH-salicylamide was dissolved in 10 ml of methanol 


and allowed to stand for 2 hr. The methanol was evaporated on a rotary evaporator, 
and the total number of counts in the collected methanol was determined. Labile 
tritium represented <0.01% of total counts per minute. Repetition of this procedure 
showed no further labile tritium. 


8 Run on Polygram Sil G precoated plates for  TLC, Brinkmann Instruments. 
Westbury, N.Y. Solvents were ethyl acetate-ammonium hydroxide ( 9 1 ,  R, 0.47) 
and isopro anol chloroform-ammonium hydroxlde (3:1.5:0.5. R, 0.58). 


ARARpraLe-Dawley, Madison. Wis. 
10 Fisher Scientific Co., Fair Lawn, N.J. 
l 1  Pyrex tubes 8062. 
12 Scientific Products, Kansas City, Mo. 
'3 Beckman LS-3133T. Fullerton, Calif. 
l 4  Glucurase. 8-glucuronidase solution from bovine liver, Sigma Chemical Co.. 


l5 American Optical Corp.. Buffalo, N.Y. 
St.  Louis. Mo. 


ronidase (875 units)I6, and 100 pl of 0.1 M pH 5.2 acetate buffer. Sali- 
cylamide glucuronide and salicylamide sulfate concentrations were cal- 
culated as described previously ( 5 ) .  


Fluorornetric Assay-The salicylamide fluorometric assay was de- 
scribed previously (5,9, 12). The plasma salicylamide conjugates were 
determined as free salicylamide after sulfatase and /?-glucuronidase 
treatment. 


RESULTS AND DISCUSSION 


The fluorometric salicylamide assay is selective for salicylamide in the 
presence of its metabolites and can detect salicylamide levels as low as 
2 pg/ml from 50-pl plasma samples. However, this assay is prone to in- 
terferences from other fluorescent or fluorescence quenching phenolic 
compounds. 


The two major metabolites of salicylamide are the highly polar and 
charged sulfate and glucuronide conjugates (5). Polarity differences be- 
tween salicylamide and these metabolites make possible a specific ra- 
diochemical salicylamide assay. Similar assays were reported for other 
radiolabeled phenolic compounds (13, 14). 


As stated under Experimental, ring-labeled tritiated salicylamide was 
prepared by the reaction of salicylamide with tritium oxide in the pres- 
ence of heptafluorobutyric acid. The salicylamide hydroxy group is 
electron donating and tends to promote electrophilic substitution reac- 
tions such as the acid-catalyzed tritium-hydrogen exchange. The car- 
boxamide group tends to be deactivating (electron withdrawing). For this 
reason, the conditions necessary for the acid-catalyzed tritium incorpo- 
ration were severe and had to be optimized for this particular system. 
Heptafluorobutyric acid was more useful than trifluoroacetic acid because 
of its lower volatility (15). The conditions required for equilibrium tritium 
incorporation into salicylamide (ring substitution") were worked out 
using deuterium incorporation, substituting deuterium oxide for tritium 
oxide. Deuterium incorporation was followed by mass spectral analysis 
of the P, P + 1, and P + 2 peaks. The high temperature and extended 
heating period finally used were necessary for maximum tritium incor- 
poration with minimal product decomposition. 


The white crystalline material obtained from the final sublimation 
showed only one spot, corresponding to salicylamide, by TLC. Spectro- 
fluorometric analysis showed the product to be >99-99.5% pure. I t  was 
necessary, for maximum purification, to collect small fractions (-50 mg) 
of the sublimed material from the sublimation apparatus cold finger to 
prevent excess accumulation, which produced material that was only 
-90% pure. This enclosed sublimation system was found to be the most 
efficient both in terms of the purification and recovery of 3HH-salicylamide. 
Once the synthesis procedure was standardized, "H-salicylamide of >99% 
purity and 5.24-8.4 mCi/mmole specific activity was consistently ob- 
tained. 


The radiochemical assay for free salicylamide involved a one-step ex- 
traction. The detection limit (100 cpm above background) was 0.002 pg 
(0.04 p g h l  from 5O-pl plasma samples)'". No chemiluminescence 
problems occurred, although routinely the samples were stored in the 
dark for 12-24 hr prior to counting. The overall mean f SD (3.1-25pglm1, 
n = 17) toluene-based scintillation fluid 3H-salicylamide extraction ef- 
ficiency was 89.7 * 0.8% (3.1 pg/ml, n = 6.89.9 f 0.7%; 6.25 pg/ml, n = 
3. 89.5 f 1.1%; 12.5pg/ml, n = 4, 89.1 f 0.5%; 25 pg/ml, n = 4, 90.1 f 
0.7%). 


Salicylamide (3H-salicylamide to salicylamide ratio of 129) was ad- 
ministered a t  500 mg/kg to rats as an oral solution (pH -10) to minimize 
problems associated with administering different crystalline forms and 
particle sizes. In initial studies, salicylamide in suspension in methyl- 
cellulose gave spurious results because the larger 3HH-salicylamide crystals 
dissolved more slowly than the salicylamide powder in the rat GI 
tract. 


The fluorescent and radiochemical plasma level-time curves for sali- 
cylamide and its major metabolites are shown in Fig. 1. Each point is the 
mean of four animals. The areas under the curve for the fluorometric 
uersus radiochemical assay (in microgram minutes per milliliter) calcu- 
lated oia the trapezoidal method for 0-90 min were 4363 and 4512 for free 
salicylamide, 1548 and 1570 for salicylamide sulfate, and 1405 and 1425 
for salicylamide glucuronide, respectively. Plots of plasma salicylamide, 


16 Clusulase. Endo Laboratories, Garden City, N.Y. 
17 Ring Substitution is assumed because tritium incorporated in the hydroxyl 


group and carboxamide group readily exchanged. The only position for stable tr i-  
tium to be incorporated into the molecule is on the phenyl ring. 


18This limit is dependent on the specific activity of the 3HHsalicylamide 
batch. 
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Figure I-Plasma concentration f SEM versus t ime profiles for sali- 
cylamide (0, fluorescenca assay; 0 ,  radiochemical assay), salic-ylamide 
sulfate (0, jluorescence assay; 8, radiochemical assay), and salicyl- 
aniide glucuronide (A, fluorescence assay; A, radiochmnical assay) a / t w  
oral administrat~on of500 mg ofsal[cylamidelkg t o  rats.  Each point is 
the  mean of four animals. If no error bars nre noted, the stnndard error 
of the mean was within fhe size of the symbol. 


salicylamide sulfate, and salicylamide glucuronide assaved radiochem- 
ically versus levels determined fluorometrically had slopes ( fSEM) of 
1.06 f 0.02 ( r  = 0.99), 1.11 f 0.14 ( r  = 0.81), and 0.96 f 0.07 ( r  = 0.98), 
respectively. An overall plot combining all 48 data points gave a 1.06 f 
0.01 slope ( r  = 0.99). The new assay gives -6% higher plasma salicylamide 
analysis than does the fluorescence assay, prohably due to a slight total 
plasma radioactivity carryover into the extraction medium. The poorer 
correlation coefficients for plasma sulfate and glucuronide analyses were 
probably due to concentration calculation by differences (5) rather than 
to errors in the assay. 


The radiochemical assay gave levels of salicylamide and i ts  conjugates 
that were statistically equivalent (p < 0.05) to those determined by the 
fluorescence assay (Fig. 1).  The large standard errors for the salicylamide 
levels at  15 and 30 min (Fig. 1 ) were due to animal differences and not 
to assay variations. The  plasma free salicylamide levels generated in this 
study were considerably higher than the free salicylamide levek reported 
previously ( 3 )  for rats administered 500 mg of salicylamide suspensionkg. 
Reported glucuronide levels were larger than those generated in this 
study. These differences are probably attributable to the more efficient 
metabolism of salicylamide from the suspension compared to the solution. 
Similar efl'ects were seen in a human study (12), which showed that a 
sodium salicylamide solution produced significantly higher free salicyl- 
amide bioavailability than salicylamide tablets. These differences were 
due to more efficient first-pass salicylamide metabolism from the slowly 


dissolving tablets. Sodium salicylamide partially saturated the enzymes 
responsible for the first-pass effect, which allowed more unmetabolized 
drug to enter the general circulation (12). 


111 conclusion, the advantages of the radiochemical assay just descrihed 
are: (a )  its ability to determine specifically salicylamide and its conjugates 
in the presence ofother phenolic suhstances capable of exhibiting fluo- 
rescence or of quenching the fluorescence of salicylamide and ( b )  the low 
level of detection it can afford. This last point, of course, will be depen- 
dent on the specific activity of 3HH-salicylamide that can be synthesized. 
Another important advantage is that  once the salicylamide has been 
extracted into the scintillant fluid, the vials can be counted a t  the in- 
vestigator's convenience. In the fluorometric assay, the fluoresence in- 
tensity of extracted salicylamide (in 0.25 N NaOH) did deteriorate with 
time. The single-step extraction directly into the scintillant fluid used 
in the radiochemical assay increased its ruggedness by minimizing 
technical errors while speeding up  the analysis. Balanced against these 
advantages were the problems of synthesis and handling of the "H-sali- 
cylamide. 
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A b s t r a c t  0 A method for the  quantitative determination of potassium 
guaiacolsulfnnate and phenylephrine hydrochloride in commercial dosage 
forms was developed. l'he method is based on paired inn high-pressure 
liquid chromatography with tetrabutylammonium as  the counterion. The  
method not only separates potassium guaiacolsulfonate from phenyl- 
ephrine hydrochloride but also from some other ingredients: chlor- 
pheniramine maleate, stdium benzoate, colors, and flavors. Furthermore, 
two isomers of potassium guaiacolsulfnnate, potassium salts of 4- and 
5-guaiacolsulfonic acid, also separate from each other. l'he method was 
tried on five different commercial dosage forms (all with different colors) 
with excellent results on three. In the other two samples, which also 
contained codeine, there may have been a stability problem. 


Keyphrases  0 Potassium guaiacolsulfonate-high-pressure liquid 
chromatographic analysis in pharmaceutical preparations Phenyl- 
ephrine hydrochloride-high-pressure liquid chromatographic analysis 
in pharmaceutical preparations o High-pressure liquid chromatogra- 
phy-analyses, potassium guaiacolsulfonate and phenylephrine hydro- 
chloride in pharmaceutical preparations Adrenergics-phenylephrine 
hydrochloride, high-pressure liquid chromatographic analysis in phar- 
maceutical preparations Expectorants-potassium guaiacolsulfonate, 
high-pressure liquid Chromatographic analysis in pharmaceutical prep- 
arations 


Many cough syrups contain potassium guaiacolsulfonate 
(I), which is an expectorant, and other active and inactive 
ingredients. The literature for the quantitative determi- 
nation of I was reviewed previously (1). A new colorimetric 
procedure for its quantitative determination, based on the 
oxidation of I in an alkaline borate buffer solution and 
subsequent coupling with 4-aminoantipyrine, was devel- 
oped (1). Since phenylephrine hydrochloride (11) also 
undergoes this coupling, it interferes with the quantitative 
determination of I. 


BACKGROUND 


I'otassium guaiacolsulfc~nate is a mixture of two isomers (2). potassium 
salts of 4-  and 5-guaiacolsulfonic acid, but the presently availahle methods 
(1,3--.5) for the quantitative determination of I do not distinguish between 
them. 


Recently, paired ion high-pressure liquid chromatography (HP1.C) 
has become popular for increasing the retention times of' weak acids and 
bases hy the addition of a counterion in the mobile phase (6). Alkyl sul- 
fonates are used for hasic compounds, and quaternary ammonium 
cornpounds are used for acidic compounds (6). 


Paired inn chromatography is an effective means of separating ionic 
compounds (6). I t  was used fnr the separation of thyroid hormones and 
sulfa drugs (7); and the analysis of FD&C dyes, such as tartrazine, was 
reported with tertiary or quaternary amines as  the counterion in the 
mobile phase (8). lieverard-phase paired inn H P I L  was used for the 
separation of hydrocortisnne from hydrocortisone phosphate (9). This  
approach also was applied to the simultaneous determination of niacin 
and niacinamide in multivitamin preparations with dioctyl sulfonate as  
the counterion (10). 


OH 


I 


T h e  purpose of this report is to present a method for: (a) the  quanti- 
tative determination of I in the presence of 11, ( b )  the  separation of the 
two isomers of I, and ( c )  the  quantitative determination of I in the pres- 
ence of some other active and inactive ingredients present in commercial 
dosage forms used to  relieve the symptoms of coughs and colds. T h e  de- 
veloped method is based on paired ion HPLC with tetrabutylammonium 
(111) a s  the counterion. An identical method in which the ammonium ion 
was suhstituted for 111 also was tried without success. 


E X P E R I M E N T A L  


Reagents a n d  Chemicals-All reagents and chemicals were ACS, 
USP. or N F  quality and were used without further purification. Brom- 
diphenhydramine hydrochloridel (IV), chlorpheniramine maleate' (V), 
codeine phosphate' (VI), dextromethorphan hydrobromide4 (VII), di- 
phenhydramine hydrochloride' (VIII), potassium guaiacolsulfonateg, 
phenylephrine hydrochloride", promethazine hydrochloride6 (IX),  and 
sodium benzoate:' ( X )  were used as  received. 


Apparatus-The high-pressure liquid chromatograph: was connected 
to  a multiple wavelength detector8, a recorders, and  an integrator 10. 


Column-The column1! (30 cm x 4 m m  i.d.) was of a very nonpolar 
material, consisting of a monnmolecular layer of octadecyltrichlorosilane 
permanently bonded by silicone-carbon bonds. 


C h r o m a t o g r a p h i c  Conditions-Solvent A consisted of 0.005 M di- 
hasic ammonium phosphate in water containing 8.5% (v/v) methanol. 
T h e  pH was adjusted to  7.7S12 (i0.05) with dilute phosphoric acid (1:lOO 
in water). Solvent H was the same as  A except that  tetrahutylammonium 
hydroxide (from a 40% aqueous solution) was suhstituted for dibasic 
ammonium phosphate. 


T h e  temperature was ambient. T h e  flow rate  was 4.0 ml/min except 
for the  first 2 min with Solvent A when it was 2.0 ml/min. T h e  detector 
was set a t  a sensitivityof0.1 (254 nm) for Solvent A and a t  0.04 for Solvent 
H. T h e  chart speed was 30.5 cm/hr. 


P r e p a r a t i o n  of Solutions-The stock solutions of all drugs, I, 11, and 
IV-X, were prepared by dissolving 0.250 g of t h e  drug in enough water 
to make 100.0 ml. T h e  standard solutions were prepared hy diluting the  
stock solution with the appropriate chromatographic solvent as needed. 
A standard mixture of six ingredients, I, 11, V, VI, IX, and X, was prepared 
by mixing 10.0 ml of each stock solution and then bringing to volume 
(100.0 ml) with the appropriate chromatographic solvent. This  mixture 
was diluted further with the chromatographic solvent a s  needed. 


Dilut ions of Commerc ia l  Dosage F o r m s  for Analysis-A 10.0-ml 
aliquot of the dosage form was diluted to 100.0 ml with water. An ap-  
propriate quantity of'this solution was diluted further with an appropriate 
chromatographic solvent to  obtain a concentration of 250.0 ug of Vml. 
For the analysis of 11, which was present in only one dosage form, the first 
dilution in water, I . F . ,  10.0-100 ml, was used. This dilution contained 100 
pg of IVmI. 


Assay-A 20.O-pl aliquot of  the  assay solution was injected into the 
chromatograph using the descrihed conditions (chromatographic Solvent 
H ) .  For comparison, an identical volume of the appropriate s tandard 


I I'arke-Davis 6i Co.. Detroit, Mich. 
2 Schering Corp., Bloi~mfield. N..J. 
3 Merck & Co., Rahway, N.J. 


Hofl'mann-1.a Roche. Nutlev. N.d 
Winthrop I.ahoratories, New'York, N.Y. 
Wyeth Lahoratories, Philadelphia. Pa. ' Waters AIL:  202 eauiuned with a 1!6K universal iniector. Waters Assoriates. . . .  


Milford. Mass. 
Spectrdlow monitor SFXO, Schr)effel Instrument Corp., Westwood, N.J. 
Omniscribe :i21:$-12, HOUSLOII Instruments, Austin, Tex. 
Autolah rninigrator, Spectra-Physics. Santa Clara. Calif. 


I '  Waters URondapak CIS. Catalog Nu. 27:124. 
12 Model 4XK1 digital pH meter. Reckman Instruments. Irvine, Calif. 
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Table I-Results on Potassium Guaiacolsulfonate and  Phenylephrine Hydrochloride in Various Commercial Dosage Forms 


Dosage Form 
(ExDectorant) Color 


Percentb of Label Claim Found 
Concentration On I Using On I1 Using 


of I. Develooed Literature DeveloDed 
D H ~  mdml  Method Method Method 


1 C  


2' 
Green 
Yellowish brown 


5.2 
5.2 


8.8 
8.8 


99.5 
99.4 


100.0 
124.4f 


- d  


97.0 
d 


5.2 8.8 88.7 100.5 - d  
d 


38 Yellow 5.2 8.8 99.9 100.5 - 
4 h  
5' Red 5.7 16 90.9 95.3 
RSD. %J 1.14 1.29 


Dark red 
- 


a After diluting 10 ml to 100 ml with water. Average of two. c Other listed ingredients per 5 ml of the dosage form were: IX, 5 mg; ipecac fluid extract, 0.01 ml; chloroform, 
0.015 ml; citric acid anhydrous, 60 mg; and sodium citrate, 197 m . d Did not contain phenylephrine hydrochloride. e Also contained all ingredients listed under footnote 
e plus 1 mg of I h l .  f Results are high due to interference from f1  (see Ref. 1). Also contained all ingredients listed under footnote e plus 1.5 mg rif dextromethor han 
hydrnhromidehnl. Also contained all ingredients listed under footnote c plus 2 mg of VI/ml. ' Other listed ingredients per 5 ml of the dosage were: IV, 3.75 mg; h, 
8.75 mg; ammonium chloride. 80 mg; methanol, 0.5 mg; and codeine sulfate, 10 mg. Based on five injections of the standard mixture. Similar deviations were recorded 
on different days of the experiment. 


solution (containing 250 pg of I/ml or 100 pg of II/ml) or mixture was 
injected after the assay solution eluted. 


Calculations-Since preliminary investigations indicated that the 
peak areas (peaks heights also) were related directly to the concentrations 
(range of 1.25-5.0 pg) of each ingredient, the results were calculated 
using: 


3 x 100 = percent of label claim (Eq. 1 )  
AS 


where A, is the peak area of the assay solution and A, is the peak area 
of the standard solution. 


With I, the area of the larger peak (first peak from one of the two iso- 
mers) was used. The second peak was too small for accurate results. The 
results are presented in Table I, and the sample chromatograms are 
presented in Figs. IA-IC and 2. A chromatogram that was developed 
using Solvent'A is presented in Fig. 1D. Potassium guaiacolsulfonate also 
was assayed using the colorimetric method (1). The results are presented 
in Table I. 


RESULTS AND DISCUSSION 


The results clearly indicate that paired ion HPLC is useful for the 
separation of a number of active ingredients (Fig. IC): chlorpheniramine 
maleate, potassium guaiacolsulfonate, phenylephrine hydrochloride, and 
sodium benzoate. Under identical conditions without the addition of the 
counterion tetrabutylammonium, this separation was not possible (Fig. 
1D). The addition of the counterion not only separated these ingredients 
but also the two isomers of potassium guaiacolsulfonate from each other. 
A number of other ingredients, bromdiphenhydramine hydrochloride, 
codeine phosphate, diphenhydramine hydrochloride, dextromethorphan 
hydrobromide, methylparaben, propylparaben, promethazine hydro- 
chloride, colorants, and flavors, did not interfere with analysis. The 
concentrations tested were much higher (5 mglml, based on the original 
dosage form) than are usually found in commercial dosage forms. 


The addition of a counterion such as I l l  increases the retention times 
of weak acids (8,9).  However, it appears that it considerablydecreased 
the retention time of phenylephrine hydrochloride, a zwitterion (Figs. 
1C and 1D). 


The developed method can be used for the quantitative determination 
of I in pharmaceutical dosage forms (Table I). The relative percent 
standard deviation based on five injections of the standard mixture was 
1.29. Phenylephrine hydrochloride in combination with I also may be 
determined (Table I). The separation of I and I1 from each other appears 
to be excellent (Figs. 1C and 2A). It was not possible to determine the 
concentration of I and I1 separately using the method reported earlier 
(1 ) .  


Furthermore, it was estimated that the first four expectorants (Table 
I )  contained -0.02% sodium benzoate as the preservative while the fifth 
expectorant did not contain sodium benzoate. I t  was possible to deter- 
mine the concentration of sodium benzoate without a separate analysis 
or additional injections into the chromatograph. With HPLC, additional 
ingredients can be determined without additional labor or cost. 


The results on potassium guaiacolsulfonate in Expectorants 4 and 5 
(Table I) were lower with the developed method than with the literature 
method (1) because the developed method separated the two isomers of 
I. Neither the literature method ( 1 )  nor the NF method (3) distinguishes 
between the two isomers. In the developed method, the larger peak (first 
peak from I)  was used to determine the concentrations of I because the 
second peak was too small for accurate determinations. The ratio of peak 


heights of the two isomers was about 7:l in the standard mixture (Fig. 
IC, peaks 3 and 4) and in other expectorants (Figs. 2A and 2B, peaks 2 
and 3) except 4 and 5 (Table I) ,  both of which contained codeine. 


In Expectorants 4 and 5, the ratios were significantly different, 5 1  (Fig. 
2C, peaks 2 and 3) and 6.3:1, respectively. Therefore, there may be a 
stability problem in the presence of codeine. The difference in the ratios 
of the two isomers in the presence of codeine in the two samples may have 
been due to: ( a )  pH differences (Table I); ( b )  the difference in codeine 


3 


A B 


MINUTES 


D 


4 


A 2 4 6  8 


Figure 1-Sample chromatograms. Solvent R was used for A-CI, and 
Solvent A was used for I). Chromatogram A is from a standard solution 
of 11 in water (100 pglml). Chromatogram H i s  from a standard solution 
of I (250 pg/ml). Both peaks are from I .  Chromatogram C is from a 
mixture containing 12.5 pglml each of I ,  11, V ,  VI ,  IX, and X. Peak 1 is 
from V, 2 is from I I ,  3 and 4 are from I ,  and 5 is from X .  N o  peaks were 
recorded from the other two ingredients. Chromatogram D is the same 
as C, except that the solvent was A and the concentration of each in- 
gredient was 2fj0 pglml. Peak I is from V,  2 is from I ,  3 is from X, and 
4 is from I I .  
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Figure %--Sample chromatograms deoeloped using Soluent R. Chro- 
matogram A is from n commer~ia lexpec~orant  12in Table I ) .  Peak 1 is 
from I I ,  2 and 3 are from I ,  and 4 is from X .  Chromatogram R is from 
Expectorant 1 in Table 1. Peaks are the same as in A except that it did 
not contain I I .  Chromatogram Cis from Expectorant 4 in Table I .  Peaks 
arr the samr. 


salts: codeine phosphate in Expectorant 4 uersus codeine sulfate in Ex- 
pectorant 5; ( c )  a higher concentration of codeine in Expectorant 4 rel- 
ative to the concentration of potassium guaiacolsulfonate, i .e.,  codeine 
was 2 mg/ml in each sample uersus only 8.8 mg of I/ml in Expectorant 
4 and 16 mg of I/ml in Expectorant 5; ( d )  different buffering systems: 
citrates in Expectorant 4 uersus ammonium chloride in 5; and ( e )  the ages 
of the samples, which were not determined. The standard mixture did 
contain codeine, and the ratio (about 7:l) of the peak heights of the two 
isomers had not changed even after standing for about 7 days. Without 
I‘urther intensive investigations, it is not possible to determine whether 
this change in ratio affects the therapeutic value. 


Expectorants 1-4 (Table I )  gave an additional unidentified peak after 
about 13.5 min. Expectorant 5 gave a t  least two unidentified peaks after 
about 7 and 13.3 min. These peaks, which were recorded using Solvent 
B, could be from the colorants, flavors, or preservative. This matter was 
not pursued further because detailed formulas of the dosage forms were 
not availahle. 
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Abstract 0 The molecular connectivity indexes of various aliphatic al- 
cohols, ketones, ethers, and esters were used to describe structural fea- 
tures influencing chromatographic retention indexes. Good correlations 
were obtained within chemical classes for a particular stationary 
phase. 


Keyphrases 0 Molecular connectivity indexes-correlated with 
structural features influencing chromatographic retention indexes, 
various organic compounds Chromatographic retention indexes- 
correlated with molecular connectivity indexes, various organic com- 
pounds 0 Topological indexes-molecular connectivity indexes corre- 
lated with structural features influencing chromatographic retention 
indexes 


The chromatographic retention index is a quantification 
of a dynamic physicochemical process involving the 
equilibration of a solute between two liquids passing each 


other a t  an interface (liquid-liquid chromatography) or 
the interchange state between gas and solution phases 
(gas-liquid chromatography). The retention index for a 
particular molecule in a particular system depends on the 
structure of that molecule and the nature of that system. 
A rigorous definition of the structure of a molecule should 
make it possible to arrive at  an accurate value for a reten- 
tion index for a given system. 


BACKGROUND 


Previously ( I ) ,  it was shown that definition of molecular structure a t  
the level of topology could provide sufficient information for close cor- 
relations with numerous physicochemical properties. This definition of 
molecular structure is called molecular connectivity (2). T o  the extent 
that  chromatographic retention indexes are influenced hy topological 
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Phytochemis ts Aren ’t Perfect-But 
Almost 


Janzen’ has expressed an opinion that phytochemists and others 
reporting on the isolation of secondary chemical compounds from 
plants often fail to indicate the specific plant part from which the 
compounds originate. This omission appears to be hindering biologists 
interested in relating plant and animal biology, more specifically, 
herbivore-eating habits. 


We have been computerizing the world literature on natural 
products since before 1975 in a system referred to as NAPRALERT. 
We include the specific plant part($ from which chemical compounds 
are isolated and/or identified (including percentage yields when they 
are stated or can he calculated). It was thought to be of interest to 
query the computer to determine all publications that have been 
computerized since 1975 in which the authors failed to specify the 
plant part from which compounds were isplated. We did not 
determine the total number of papers involved; but from experience, 
it can be presumed that about 50% of the papers we computerize 
involve the isolation and/or identification of secondary principles 
from plants. For purposes of determining this information, we 
considered all gymnosperms, angiosperms, pteridophytes, bryophytes, 
and lichens to constitute “plants.” The results are presented in the 
accompanying table. None of the “organless” reports appeared in J.  
Pharm. Sci. 


when results of isolation studies were reported were derived from a 
total estimated number of papers published on this subject of about 
5000. Since about one-third of the data in the 73 “organless” papers 
was computerized from abstracts rather than from original 
manuscripts, it cannot be said with certainty that those original 
reports failed to include the plant part(s). 


eluded us, he does not have much of a case relative to the 
aforementioned criticism. 


In 1975-1978, the 73 papers in which plant parts were not indicated 


Unless Janzen has found a source of phytochemical papers that has 
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Numbers of Publications Reporting Isolation of Secondary Con- 
stituents from Plants in which the Plant Part Studied Was Not 
Reported (1975-1978) 


- 
Country 


Year of Publication 
1975 1976 1977 1978O 


Bangladesh 
Brazil 
Bulgaria 
China 


Czechoslovakia 
En g 1 and 
Finland 
France 
Germany (West) 
Hungary 
India 
Japan 
Nigeria 
Pakistan 
Philippines 
Poland 
Sweden 
Taiwan 
Republic of 


United States 
Russia 
Total 


(People’s Republic) 


South Africa 


0 
0 
0 
0 


0 
0 
0 
1 
1 
0 
1 
2 
0 
0 
0 
0 
0 
1 
0 


1 
- 10 
17 


0 
1 
0 
0 


1 
1 
0 
1 
3 
0 
2 
1 
2 
0 
1 
1 
0 
0 
0 


5! 6 


1 
0 
1 
2 


1 
1 
1 
2 
2 
2 
0 
4 
0 
0 
0 
0 
1 
0 
1 


3 
2 


24 
- 


0 
0 
0 
0 


0 
0 
0 
1 
1 
0 
1 
0 
0 
1 
0 
0 
0 
0 
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Abstract 0 The natural abundance I3C-NMR spectra of ampyrone and 
aminopyrine were obtained using the pulse Fourier transform technique. 
The chemical shifts were assigned with the help of the chemical shift 
theory, multiplicity generated in single-frequency off-resonance de- 
coupled spectra, relaxation time, and comparison with structurally related 
compounds. 


Keyphrases 0 Ampyrone-Fourier transform carbon-13 NMR spectra 
0 Aminopyrine-Fourier transform carbon-13 NMR spectra 0 NMR 
spectroscopy-ampyrone and aminopyrine 


The assignments of I3C-NMR chemical shifts of syn- 
thetic and natural therapeutic agents (1-6) initiated the 
carbon-13 analysis of 4-amino-1,5-dimethyl-2-phenyl- 
3H-pyrazol-3-one (I, ampyrone) and 4-dimethylamino- 
1,5-dimethyl-2-phenyl-3H-pyrazol-3-one (11, aminopy- 
rine), both of which possess antipyretic and analgesic 
properties. The natural abundance I3C-NMR spectra, both 
proton noise decoupled and single frequency off-resonance 
decoupled (SFORD), of ampyrone and aminopyrine were 
recorded using the Fourier transform technique. The 
proton noise-decoupled spectra gave the chemical shift of 
various carbon resonances of I and I1 while the SFORD 
spectra differentiated the methyl, methine, and quaternary 
carbons. 


The assignments of carbon-13 signals are based on the 
chemical shift theory, multiplicity generated in SFORD 
spectra, percent intensity of signals, and carbon chemical 
shifts of the model compounds. These studies could pos- 
sibly contribute toward the understanding of the bio- 
transformation of I and 11. 


EXPERIMENTAL 


The I3C-NMR spectra of ampyrone, aminopyrine, and 1.5-dimethyl- 
2-phenyl-3M -pyrazol-3-one were obtained on a spectrometer' operating 
a t  15.00 kHz. The samples were run in a 10-mm tube with deuterochlo- 
roform (3096 w/v) as an internal lock and solvent and tetramethylsilane 
as a reference. The spectrometer settings during the experiment were: 
spectral width, 4 kHz; pulse width, 18 msec (90"); repetition rates, 5,15, 
and 45 sec; and data points, 4 K. 


The TI measurements of these two compounds were carried out in 
undegassed solution and were automatically calculated* by least-squares 
analysis (10) of the plot of In ( I ,  - IT) uersus T. 


Jeol FX 60 spectrometer 
By FX-60 computer. 


8 


6 


I I1 


Ampyrone, aminopyrine, and antipyrine were obtained from com- 
mercial sourcesD. 


DISCUSSION 


Ampyrone (1)-The carbon-13 chemical shifts of I are recorded in 
Table I, and its carbon resonances are illustrated in Fig. 1. The proton 
noise-decoupled spectrum of I gave seven signals in the lower field region 
and two signals in the higher field region. The quartets centered a t  d 36.7 
and 9.0 ppm could be easily assigned to C-7 and C-6, respectively, on the 
hasis of chemical shift theory (7). 


Feeney et al. (8) obtained the 13C-NMR spectrum of 1,5-dimethyl- 
2-phenyl-3H-pyrazol-3-one (111, antipyrine) in dimethyl sulfoxide and 
reported the chemical shift of the ring carbon resonances relative to the 
upfield of carbon disulfide. To check the chemical shift of the carbons 
of two methyl groups present a t  positions 1 and 5 of the pyrazole ring in 
111, the proton noise-decoupled and SFORD spectra of 111 were recorded 
in deuterochloroform. The chemical shifts of the carbon signals of I11 
obtained are represented on the structure of I11 while the figures in pa- 
renthesis indicate the chemical shifts reported earlier (8). 


Table I-Carbon-13 Chemical Shifts of Ampyrone 
Relaxation 


Chemical Timed, 
Assignment a Multiplicity Shift' TI,  sec 


c - 3  S 160.7 27.4 
c - 5  S 136.3 18.9 
(2-1' 
(273' 
c-4' 
c-2' 


S 
d 
d 
d 


134.2 i7.8 
127.8 1.08 
124.4 0.77 
121.4 1.11 


c - 4  S 118.0 13.8 
C-7 q 36.7 1.55 
C-6 9 9.0 2.90 


Numbering of carbons are shown in the structure. b Signal multiplicity obtained 
from SFORD s = singlet, d = doublet, and q = quartet. c Chemical shifts are ex- 
pressed in parts per million relative to tetramethylsilone. The relaxation time 
was obtained in undegassed solution. 


Sigma Chemical Co.. St. Louis, Mo 
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Figure 1-Proton noise-decoupled spectrum of ampyrone 


The two quartets centered a t  6 33.8 and 11.2 ppm were assigned to the 
carbon of methyl groups present a t  positions 1 and 5 of the pyrazoline 
ring, respectively, on the basis of chemical shift theory and comparison 
with the carbon signal of the methyl group of IV. These assignments 
further support the assignments of C-7 and C-6 of I. The chemical shifts 
of the ring carbons of I11 in the present study are in agreement with the 
chemical shifts of I11 (8) under the experimental limit due to the solvent 
effect (7). However, the aseignments of C-2’ (122.4 ppm) and C-3’ (127.4 
ppm) differ from the assignments of C-2’ (130.8 ppm) and C-3’ (124.8 
ppm) reported earlier for 111 (8). The electronic effect of the nitrogen atom 
attached to the benzene nucleus produces an upfield shift to its ortho- 
and para-carbons, and the former appears a t  a higher field than the latter 
(7). On this basis and by comparison with the chemical shift of the cor- 
responding carbons of V (9) and VI (4), the signals a t  d 127.4 (reported 
earlier a t  124.8 ppm) and 122.4 (reported earlier a t  130.8 ppm) were as- 
signed to C-3’ and C-Z’, respectively. 


The SFORD spectrum of I showed four singlets, which could be as- 
signed to C-3, C-4, C-5, and C-1’. These quaternary carbons were also 
distinguished, as compared to methine carbons, by running the proton 
noise-decoupled spectrum of I a t  three different pulsing sequences of 5, 
15, and 45 sec (Fig. 2). The longer relaxation time for quaternary carbons 
as compared to other carbons indicated that the increase in time between 
pulsing sequences provides these carbons more time to relax, which 
consequently results in their larger peaks (Fig. 2). Furthermore, the 
chemical shift of the quaternary carbons, (2-3, C-4, C-5, and C-l’, were 


Figure 3-Proton noise-decoupled spectrum of aminopyrine 


separated from methine carbons based on their longer relaxation times 
(Table I). Since the carbon signal of the carbonyl group in various amides 
was in the 6 160-180-ppm region (71, the singlet at 6 160.7 ppm was as- 
signed to C-3. 


An electronegative group attached to vinylic carbon causes a pro- 
nounced paramagnetic shift to the directly bonded carbon and a di- 
magnetic shift to the next carbon of the vinyl group. The dimagnetic shift 
decreases with the steric bulk of the electronegative group (7). On this 
basis and by comparison with the chemical shifts of 111 and VI, the sin- 
glets a t  d 136.3.134.2, and 118.0 ppm were assigned to C-5, C-l’, and C-4, 
respectively. 


The chemical shift of C-4’ could be differentiated from the chemical 
shift of C-2’ and C-3’ by its shorter relaxation time (TI). Since C-4’ is para 
to the phenyl ring, it should have a shorter 7’1 value compared to C-2’ and 
C-3’ due to the motion along the C-l’-C-4’axis where C-2’ and C-3’ can 
rotate, resulting in longer 7’1 values due to less favored dipole-dipole 
interactions. As i s  evident from Table I, C-4‘ has a shorter T1 value than 
C-2’and C-3’. The doublets centered a t  6 127.8,124.4, and 121.4 ppm were 
assigned to C-3‘, C-4’, and C-2’, respectively, by comparing the percent 
integration of the signals in the proton noise-decoupled spectrum of I, 
relaxation time (TI), and chemical shift theory (7). These assignments 
were supported by the chemical shifts observed for 111, V (9), and VI 
(4). 


Arninopyrine (11)-The proton noise-decoupled spectrum of I1 is 
shown in Fig. 3, and the chemical shifts of the carbon resonances with 
their relaxation times are shown in Table 11. There were seven signals in 
the downfield and three signals in the upfield region. The three quartets c-3‘ 


I 
. 2 ’  


-c-4’ 


2-4 


3‘ I; 155.2 


i3.i 7 -J 


c-4’ 


‘7: 
c- s 
I 


NH-C-CH,, 


124.1  


c-5,c 
7 3  *tj 


b C a 128.7 


V 
125..l 


VI Figure 2-Pulse repetition. Key: a, 5 sec; b, 15 sec; and c, 45 sec. 
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Table 11-Carbon-13 Chemical Shifts of Aminopyrine 


Relaxation 
Chemical Timed, 


Assignment” Multiplicityb ShiftC TI,  sec 


c - 3  S 163.6 48.9 
c - 5  S 150.2 30.7 c-1‘ S 135.4 32.7 
C-3‘ d 128.9 2.54 
c-4’ d 125.7 1.28 
c - 4  S 123.9 41.4 
(2-2’ d 123.0 2.32 
C-8 q 43.8 2.37 
c - 7  q 36.6 3.23 
C-6 q 10.2 4.40 


a.b.c .d  See corresponding footnotes in Table 1. 


centered a t  6 43.8,36.6, and 10.2 ppm were assigned to ‘2-8, C-7, and C-6, 
respectively, on the basis of chemical shift theory (71, percent intensity 
of the signals, and comparison with the chemical shifts of I and 111. The 
four singlets at  6 163.6, 150.2, 135.4, and 123.9 ppm observed in the 
SFORD spectrum of 11 were assigned to C-3. C-5, C-l’, and C-4, respec- 
tively, on the basis of chemical shift theory (71, relaxation time, and 
comparison of the assignments of the corresponding carbons of I and 
111. 


The chemical shifts of C-4 and C-5 in I1 were a t  a lower field as com- 
pared to the chemical shift of the coresponding carbons in I. This shift 
was due to the dimethyl amuio group present a t  position 4 in 11, which 
is more electronegative and bulky than the amino group present a t  po- 
sition 4 in I. Earlier studies indicated that the electronegative group 
produces a downfield shift to the attached carbon of the vinyl group and 
an upfield shift to the next carbon of the vinyl group. The upfield shift 
decreases with an increase in the bulkiness of the electronegative group 
(7). The three doublets centered a t  6 128.9, 125.7, and 123.0 ppm were 
attributed to C-3’, C-4’, and C-2’, respectively, on the basis of chemical 


shift theory, relaxation time, and comparison with the chemical shift of 
structurally related compounds I, 111, V, and VI. 
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Abstract 0 The evaluation of adsorption behavior from the charge 
profile of an adsorbent dispersion determined as a function of the ad- 
sorbate concentration was investigated hy the streaming current mea- 
surement, using methylene blue and erythrosine as adsorbates and ac- 
tivated charcoal, microcrystalline cellulose, and polyvinylpolypyrrolidone 
as adsorbents. Adsorption capacity was evaluated using streaming current 
LJPKSUS solute concentration plots of dye solutions and of corresponding 
dye solutions equilibrated with the adsorhent. It was also determined 
by adsorption isotherm measurement and application of the Langmuir 
equation. Good agreement was obtained between the adsorption capacity 
values from streaming current data and adsorption isotherm measure- 
ments for microcrystalline cellulose, suggesting that adsorption here was 
a surface phenomenon without water-soluble extractives affecting particle 


charge. Similar agreement was not obtained for charcoal adsorption, and 
this result was attributed to the unusual adsorption behavior of charcoal. 
Since polyvinylpolypyrrolidone gave a dispersion with high particle 
charge, the streaming current method could not be used with this system. 
The charge profile could be useful in characterizing powders for unusual 
adsorption behavior and possible water-soluble extractives as well as for 
surface area estimation in the absence of these factors. 


Keyphrases 0 Adsorption-evaluated from charge profile, streaming 
current measurement 0 Charge profile-used to evaluate adsorption of  
dispersion, streaming current measurement 0 Powders-application 
of charge profile for characterizing unusual adsorption behavior 


New methods for screening powders for adsorption be- 
havior are of significant pharmaceutical interest. Reports 
deal with the adsorption of drugs by excipients (1-3), the 
use of adsorbents in the treatment of accidental poisoning 
(4 ,5 ) ,  the estimation of surface area by solute adsorption 
(6,7), and the control of particle charge by polyelectrolytes 
(8, 9). 


The initial inflection point of a charge profile may be 
considered to represent monolayer adsorption capacity 
(10). Therefore, it is potentially feasible to estimate the 
monolayer adsorption capacity from charge profiles. This 
approach was utilized in systems involving chemical ad- 
sorption in an industrial application requiring surface area 
control of a fine particle dispersion. However, it should also 
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High Steady-State Levels of Uric Acid Produced in 
Rats by Dietary Training and Potassium Oxonate 
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Abstract 0 T o  reduce the inherent variability in serum uric acid levels 
of animals allowed ad libitum exposure to food containing potassium 
oxonate and uric acid, male Sprague-Dawley rats were trained to eat their 
daily food allotment in a 1.25-hr period each morning. After training, the 
rats were fed a food mixture containing 5% potassium oxonate and 2% 
uric acid (w/w each). Serum blood levels of uric acid reached a steady state 
within 2 hr; these levels were maintained for an additional 4 hr. It is be- 
lieved that the stomach emptying rate is a zero-order process under these 
experimental conditions. 


Keyphrases Uric acid-steady-state serum levels. rats, dietary 
training, potassium oxonate Hyperuricemia-animal models, rats 0 
Potassium oxonate-used to produce hyperuricemia in rats 


Hyperuricemia can result in clinical gout (1) and can 
complicate the treatment of certain neoplastic diseases (2). 
The drugs presently used in the treatment of hyperurice- 
mia all have distinct disadvantages and can cause adverse 
effects (3 ,4) .  


A potential alternative therapy may be indicated by 
recent reports characterizing the in oitro decomposition 
of uric acid in the presence of light and riboflavin (5,6). 
The selection of an animal model for in oioo testing of 
phototherapy is difficult, because most naturally hy- 
peruricemic animals are typically exotic, protected, ex- 
pensive, or nonmammalian (7-10). However, a murine 
model for hyperuricemia was reported recently. Rats given 
the uricase inhibitor oxonic acid can become hyperuricemic 
(1 1,12). Moreover, these animals will develop gouty renal 
pathology after chronic oral feeding of oxonate and uric 
acid (13.14). 


We recently demonstrated that serum uric acid levels 
of rats fed ad libitum a ground laboratory ration con- 
taining potassium oxonate and uric acid are subject to a 
diurnal variation with higher morning levels (15). The 
variability produced by this method complicated the 
evaluation of phototherapy effects on serum uric acid. This 
paper reports the effects on serum uric acid levels of 
feeding potassium oxonate and uric acid to rats trained to 
eat their total daily food allotment within a short peri- 
od. 


EXPERIMENTAL 


Male Sprague-Dawley rats’, 150-200-g initial weights, were housed 
individually in hanging cages and were maintained on 12-hr light-dark 
cycles. They were allowed water ad libitum throughout the study. The 
animals were fed a standard pelleted laboratory ration2 ad libitum for 


1 Tempco Breeding Laboratories, Houston, Tex. 
Wayne Lab Blox. Allied Mills. 


1 week before dietary training. Following a previously reported procedure 
for dietary training and synchronization (16,17), the rats were fed their 
laboratory ration as a ground powder given for only 1.25 hr each morning. 
By the end of 1 week, most animals had learned to eat their total daily 
ration during this brief feeding period. Animal body weights stabilized 
and generally began to increase again after 2 weeks. The animals were 
maintained on this feeding schedule for 4 weeks prior to use in the 
study. 


On the morning of the study, animals were fed the ground laboratory 
ration mixed with 5% potassium oxonate” and 2% uric acid4 (w/w each). 
The duration of feeding was the usual 1.25 hr. Animals were sacrificed 
for serum uric acid determinations immediately prior to drug adminis- 
tration and a t  2,4,6, and 24 hr afterward. The animals were anesthetized 
with ether, and 3-5 ml of blood was drawn from each into heparinized 
syringes via the inferior vena cava. Analysis of serum uric acid was per- 
formed by high-pressure liquid chromatography as previously described 
(6). Statistical comparisons were made using analysis of variance followed 
by Scheffb’s method of multiple contrasts (18). 


RESULTS 


The animal weights and the amounts of food, potassium oxonate, and 
uric acid ingested are listed in Table I. Serum uric acid levels as a function 
of time after the mixture was presented to the animals are shown in Fig. 
I .  The rats became hyperuricemic within 2 hr. The blood levels remained 
high and essentially constant for a minimum of another 4 hr. Levels re- 
turned to control values by 24 hr. 


\ 
\ 
\ 


MIXTURE 
GIVEN :20:2 0 0 2 4 6 24 


HOURS AFTER FOOD MIXTURE WAS GIVEN 


Figure 1-Serum uric acid leuels as a function of time after exposure 
of rats to a food mixture containing 5?b potassium oxonate and 2% uric 
acid (io/ui each). The animals were trained to eat their full daily food 
rations during a 1.25-hr period each morning. Each data point repre- 
sents the mean f SEM for three animals; for * versus **, p < 0.05 by 
analysis of oariance followed by ScheffGk method of multiple con- 
trasts. 


Calbiochem, San Diego. Calif. 
Fisher Scientific Co., Fair Lawn, N.J. 
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Table I-Values Observed on Day of Experiment 
Parameter Value 


Animal weight, g 
Amount of mixture 


225 f 38 
57.1 f 7.2 


eaten, g i k g b  
Potassium oxonate ingested, g h g  
Uric acid ineested. e h e  


2.86 f 0.36 
1.14 f 0.14 


0 Values are reported na mean 3 SD. b Mixture consisted of ground laboratory 
ration contnining 5% potsariurn oronate and 296 uric acid (wfw each). 


Accumulation to a plateau would be expected to occur with a zero-order 
administration process (19). The absorption of uric acid from the rat 
intestine, however, has been reported to  be first order (‘LO). Therefore, 
gastric emptying rather than intestinal absorption may be rate limiting. 
Reported data (16, 17) for untreated control animals trained by this 
techniqueare consistentwith a zero-order stomach emptying rate for the 
fint 10-12 hr following the daily feeding. This animal model will be used 
to test the efficacy of light and riboflavin in the reduction of serum uric 
acid. 
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Abstract  0 A rapid and accurate quantitative determination of 
cephacetrile in finished bulk and dosage forms is reported. The high- 
performance liquid chromatographic method is free of interference by 
acetyl hydrolysis products and synthesis by-products. The assay can be 
performed in about 15 min, affording <0.7% coefficients of variation 
within and between days. The chromatographic results are in good 
agreement with the microbiological assay requested by the “Code of 
Federal Regulations” for certification of cephacetrile sodium. 


Keyphrases D High-performance liquid chromatography-analysis, 
cephacetrile in various dosage forms 0 Cephacetrile-high-performance 
liquid chromatographic analysis in various dosage forms Antibacte- 
rials-cephacetrile, high-performance liquid chromatographic analysis 
in various dosage forms 


Cephacetrile (I) sodium [7-cyanoacetamido-3-acetox- 
ymethyl-3-cephem-4-carboxylic acid, sodium salt] is a new 
cephalosporin antibacterial for parenteral use (1). The 
approved methods of analysis for certification are the 
microbiological agar diffusion assay and the hydroxyl- 
amine colorimetric assay (2). 


This report outlines a more selective, rapid, and accurate 
method for the quantitative determination of cephacetrile 


in bulk drugs and pharmaceutical formulations using 
high-performance liquid chromatography (HPLC). The 
method is free of interference by acetyl hydrolysis products 
and synthesis by-products. Furthermore, the desacetyl 
derivative (11) of cephacetrile and lactone (111) can be de- 
tected accurately up to 0.1%. 


EXPERIMENTAL 


Materials-Cephacetrile FDA reference standard (microbiological 
potency of 885 pg/mg, lot 9/72) was used as received. Desacetyl derivative 
(11) of cephacetrile was prepared by enzymatic hydrolysis with acetyl 
esterase (3), while lactone (111) was synthesized by reacting tritluoroacetic 
acid with cephacetrile. Cephalosporins (IVa and IVb) were obtained by 
reaction of V with the proper acid chloride in acetone in the presence of 
urea (4). while IVc was prepared by reaction of methanesulfonyl chloride 
with the silyl derivative of V in dichloroethane (Scheme I). Cefazolin was 
Pierrel working standard. Methanol’, acetic acid2, and 1 N NaOH2 were 
analytical reagent grade. 


Apparatus-A liquid chromatograph3, equipped with a 20-4  valve 


E. Merck, Darrnstndt. West Germany. * C. Erha, Milan, Italy. 
3 Model 1084 A, Hewlett-Packard. Boblingen. West Germany 
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Figure %--Sample chromatograms deoeloped using Soluent R. Chro- 
matogram A is from n commer~ia lexpec~orant  12in Table I ) .  Peak 1 is 
from I I ,  2 and 3 are from I ,  and 4 is from X .  Chromatogram R is from 
Expectorant 1 in Table 1. Peaks are the same as in A except that it did 
not contain I I .  Chromatogram Cis from Expectorant 4 in Table I .  Peaks 
arr the samr. 


salts: codeine phosphate in Expectorant 4 uersus codeine sulfate in Ex- 
pectorant 5; ( c )  a higher concentration of codeine in Expectorant 4 rel- 
ative to the concentration of potassium guaiacolsulfonate, i .e.,  codeine 
was 2 mg/ml in each sample uersus only 8.8 mg of I/ml in Expectorant 
4 and 16 mg of I/ml in Expectorant 5; ( d )  different buffering systems: 
citrates in Expectorant 4 uersus ammonium chloride in 5; and ( e )  the ages 
of the samples, which were not determined. The standard mixture did 
contain codeine, and the ratio (about 7:l) of the peak heights of the two 
isomers had not changed even after standing for about 7 days. Without 
I‘urther intensive investigations, it is not possible to determine whether 
this change in ratio affects the therapeutic value. 


Expectorants 1-4 (Table I )  gave an additional unidentified peak after 
about 13.5 min. Expectorant 5 gave a t  least two unidentified peaks after 
about 7 and 13.3 min. These peaks, which were recorded using Solvent 
B, could be from the colorants, flavors, or preservative. This matter was 
not pursued further because detailed formulas of the dosage forms were 
not availahle. 
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Abstract 0 The molecular connectivity indexes of various aliphatic al- 
cohols, ketones, ethers, and esters were used to describe structural fea- 
tures influencing chromatographic retention indexes. Good correlations 
were obtained within chemical classes for a particular stationary 
phase. 


Keyphrases 0 Molecular connectivity indexes-correlated with 
structural features influencing chromatographic retention indexes, 
various organic compounds Chromatographic retention indexes- 
correlated with molecular connectivity indexes, various organic com- 
pounds 0 Topological indexes-molecular connectivity indexes corre- 
lated with structural features influencing chromatographic retention 
indexes 


The chromatographic retention index is a quantification 
of a dynamic physicochemical process involving the 
equilibration of a solute between two liquids passing each 


other a t  an interface (liquid-liquid chromatography) or 
the interchange state between gas and solution phases 
(gas-liquid chromatography). The retention index for a 
particular molecule in a particular system depends on the 
structure of that molecule and the nature of that system. 
A rigorous definition of the structure of a molecule should 
make it possible to arrive at  an accurate value for a reten- 
tion index for a given system. 


BACKGROUND 


Previously ( I ) ,  it was shown that definition of molecular structure a t  
the level of topology could provide sufficient information for close cor- 
relations with numerous physicochemical properties. This definition of 
molecular structure is called molecular connectivity (2). T o  the extent 
that  chromatographic retention indexes are influenced hy topological 
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Table I-GLC Retention Indexes Table 11-Best Correlation Coefficients between Retention 
Indexes and Y Indexes * 


Compound 
Stationary Phase0 


I I1 111 IV 
Methanol 
Ethanol 
Propanol 
Butanol 
Pentanol 
3-Pentanol 
Hex an o 1 
2-Hexanol 
3-Hexanol 
Heptanol 
Octanol 
2-Methyl-2-butanol 
3-Methyl-2-butanol 
2,2-Dirnethyl-l -propano1 
2-Methyl-2-pentanol 
3-Methyl-2-pentanol 
4-Methyl-2-pentanol 
2-Methyl-3-pentanol 
3-Methyl-3-pentanol 
2.4-Dimethyl-3-pentanol 
3-Eth 1 3  pentanol 
CycloiLxinol 
Acetone 
2-Butanone 
2-Pentanone 
3-Pentanone 
3-Methyl-2-butanone 
2-Hexanone 
3-Hexanone 
3-Methyl-2-pentanone 
4-Methyl-2-pentanone 
2-Heptanone 
3-Heptanone 
2,4-Dirnethyl-3-pentanone 
2-Nonanone 
5-Nonanone 
Ether 
Methyl butyl ether 
Methyl ropy1 ether 
Isobutyfmethyl ether 
tert-Butyl methyl ether 
Dipropyl ether 
Isopro yl propyl ether 
Ethyl ! ormate 
Propyl formate 
Methyl acetate 
Ethyl acetate 
Propyl acetate 
Isopropyl acetate 
Butyl acetate 
sec-Butyl acetate 
Methyl propionate 
Ethyl propionate 
Methyl butyrate 
Ethyl butyrate 
Pentvl acetate 


1027 
1062 
1163 
1274 
1384 
1221 
1479 
1345 
1312 
1575 
1674 
1128 


1214 
1215 
1307 
1286 
1263 
1229 
1280 
1315 
1538 
915 
995 


1072 
1068 
1026 
1173 
1141 
1114 
1099 
1276 
1239 
1083 
1483 
1425 
668 
795 
692 
726 
746 
81 1 
756 
885 
982 
896 
95 1 


1043 
958 


1141 
1054 
97 1 


1022 
1052 
1100 
1242 


- 


1156 
1159 
1257 
1366 
1467 
1318 
1565 
1571 
1401 
1665 
1742 
1229 
1296 
1298 
1308 
1396 
1369 
1357 
1336 
1390 
1436 
1679 
1141 
1162 
1276 
1286 
1227 
1373 
1332 
1311 
1293 
1471 
1393 
1264 
1676 
1604 
793 
914 
819 
820 
868 
922 
857 


1092 
1196 
1100 
1157 
1242 
1137 
1335 
1223 
1179 
1212 
1252 
1284 - 


311 
395 
511 
621 
73 1 
67 3 
830 
771 
771 
935 


1028 


652 
637 
714 
772 
732 
752 
738 
818 


858 
438 
55 1 
639 
651 


742 
741 
71 1 


845 
842 
763 


- 


- 


- 


- 


- 
- 
486 
610 
506 
569 
555 
673 
631 
466 
569 
474 
560 
654 
60 1 
769 
712 
57 5 
657 
679 
751 
856 


652 
730 
828 
94 1 


1053 
954 


1160 
1080 
1058 
1268 
1367 
920 
949 
935 


1002 
1055 
1035 
1021 
1023 
1083 
1135 
1215 
895 
980 


1070 
1056 
1042 
1182 
1141 
1140 
1125 
1286 
1250 
1132 
1501 
1443 
647 
785 
676 
722 
758 
792 
751 
842 
947 
877 
949 


1043 
981 


1153 
1080 
951 


1014 
1035 
1106 
1262 


I = Carbowax 300, 1 0 0 O ;  I1 = diethylene glycol succinate, 120°; I11 = squalane, 
100'; and IV = Zonyl E7,12Oo. 


structural characteristics, it is reasonable to suppose that molecular 
connectivity may permit a close correlation between structure and this 
physicochemical property. 


Two studies (3,4) related molecular connectivity indexes with chro- 
matographic retention indexes. With a series of pyrazine derivatives, good 
correlation was obtained between l x  and the R ,  value by TLC (3). Mi- 
chotte and Massart ( 4 )  attempted to relate a single molecular connectivity 
index to gas-liquid retention indexes in four different stationary 
phases. 


Since both studies were performed before the complete development 
of molecular connectivity had been published, the full power of the 
method was not brought to bear on these problems. The present study 
demonstrates that molecular connectivity can successfully describe 
structural features influencing chromatographic indexes. 


EXPERIMENTAL 


Molecular connectivity calculations were described previously (1, 2, 
5-8). This study reexamined GLC retention data previously studied by 


Diethylene Fluoroal kyl 
Glycol Polyethylene Ester 


Class Squalene Succinate Glycol 300 Surfactant 


Alcohols 0.994 0.967 0.977 0.992 


Esters 0.991 0.982 0.990 0.991 


Ketones 0.996 0.988 0.995 0.997 


( 1 x 1  ( l x ,  0 x 9  ( ' X , O X " )  ( ' x ,  O X U )  


( ' X )  P X ,  3 x 8  ( ' x ,  4 X P )  P X .  " x p )  


( ' X )  P X ,  3xxp) ( 2 x ,  3 x 8  ( ' x ,  ' X U )  


(1x1 ( 3 x U  ( 3 x 5 )  ( 3 x 3  
0.958 0.966 0.968 0.930 Ethers 


0 Terms in parentheses are best one or two x indexes giving the r value. 


Michotte and Massart (4) and originally derived by McReynolds (9). The 
Michotte and Massart study considered 22 aliphatic alcohols, 14 aliphatic 
ketones, seven aliphatic ethers, and 13 aliphatic esters; their retention 
indexes are listed in Table I. GLC systems included stationary phases 
composed of squalene, diethylene glycol succinate, polyethylene glycol 
300, and a fluoroalkyl ester surfactant'. 


Simple connectivity and valence connectivity indexes were computed 
for each molecule through the fourth order. The best pair of indexes was 
searched for in a multiple linear regression analysis for all molecular 
classes but the ethers, where the limited sample size permitted only one 
molecular connectivity index. The results are shown in Table I1 as indexes 
and the correlation coefficients. 


DISCUSSION 


Molecular connectivity indexes can provide a description of structure 
within a chemical class that i R  very adequate in the correlation with 
chromatographic behavior (Table 11). Chromatographic behavior across 
chemical classes, e g . ,  alcohols and ketones, depends on what may be 
regarded as nontopological structural characteristics in addition to fea- 
tures described by x indexes. Thus, the intermolecular and hydrogen 
bonding exhibited by alcohols and ketones would obviously be different 
in these two classes, leading to different but parallel chromatographic 
behavior. 


Michotte and Massart (4)  discovered this fact but failed to note its 
significance. Their lack of success in collecting all of the molecules in 
Table I1 into a single molecular connectivity correlation with retention 
was taken as a failure of the method. Different molecular classes will 
behave differently in GLC systems because of both topological and 
electronic structural differences. 


Michotte and Massart (4) presumed that GLC retention behavior 
mirrored biological phenomena. Clearly, this property is not a general 
model for any biological event except perhaps the absorption of a gaseous 
general anesthetic. Even with general anesthetics, it is necessary to in- 
clude an electronic term to merge different chemical classes in a successful 
structure-activity relationship (6,10, 11). 


I t  can be concluded that selected molecular connectivity indexes give 
good correlations with GLC retention indexes within chemical classes 
for a particular stationary phase. The GLC phenomenon is not a property 
relating to general biological phenomena; it must not be confused with 
the more biologically related property of liquid-liquid chromatography. 
The study further illustrates the uti1it.y of molecular connectivity to de- 
scribe structure in structure-activity relationship studies. 
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Abstract A procedure was developed for the quantitative determi 
nation of loosely bound water in aluminum chlorohydrate and the water 
content in denture cleanser effervescent tablets. The basic method in- 
volves extracting the water from the sample into dioxane followed by 
titration of the dioxane in methanol with Karl Fischer reagent. Matrix 
ingredients did not interfere. 


Keyphrases Aluminum chlorohydrate-water content analyzed by 
Karl Fischer titration Water content-aluminum chlorohydrate, Karl 
Fischer titration 0 Karl Fischer titration-water content of aluminum 
chlorohydrate analyzed Astringents-aluminum chlorohydrate, water 
content analyzed by Karl Fischer titration 


Aluminum chlorohydrate adsorbs free water depending 
on the surrounding humidity. In dry powder aerosol for- 
mulations containing aluminum chlorohydrate, free water 
can affect product performance. Similarly, in effervescent 
tablets in sealed packages, water may cause unwanted 
reactions that can alter the seal integrity or the product 
itself. 


Thermogravimetric analysis and differential scanning 
calorimetry were used to show the presence of loosely 
bound water and hydrated water in aluminum chlorohy- 
drate (1). Although free water can be determined by an 
electrometric approach (l), the method requires a con- 
ductivity apparatus, highly purified water, and a standard 
curve. Moisture in effervescent tablets may be determined 
by drying over a desiccant, but this procedure is time 
consuming and the potential for error is increased due to 
volatile components. 


This paper reports the use of the Karl Fischer technique 
to determine loosely bound water (free water) in aluminum 
chlorohydrate and water in denture cleanser effervescent 
tablets without interference from the matrix ingredi- 
ents. 


EXPERIMENTAL 


Analysis of Water  in Effervescent Tablets-Reagents-Karl 
Fischer reagent’, the diluent for Karl Fischer reagent2, and p-dioxane? 
were used as received. Diluted Karl Fischer reagent was prepared by 
diluting SO ml of Karl Fischer reagent’ to 250 ml with the diluent for Karl 
Fischer reagent2. A water standard was prepared by weighing 0.06 g of 


I Catalog No. SO-K-3, Fisher Scientific Co., Fair Lawn, N.J. 
Catalog No. SO-K-5, Fisher Scientific Co., Fair Lawn, N.J. 
J .  T. Baker Chemical Co., Phillipshurg, N.J. 


purified water into a preweighed 50-ml volumetric flask. The flask was 
diluted to the mark with dioxane3, which usually contains less than 
0.005% water. 


Apparatus-Karl Fischer titrations were performed with an automatic 
titrator4. A wrist-action shakers was used a t  its maximum setting. 
Commercidy available 50-ml glass-stoppered centrifuge tubes were dried 
in an oven at 105’. 


Standardization Procedure-Add 100 ml of methanol to a dry titration 
vessel and titrate with Karl Fischer reagent to the electrometric end- 
point. Accurately measure the volume of Karl Fischer reagent required 
to titrate 100 ml of methanol, remove the reagent from the buret, and 
substitute with diluted Karl Fischer reagent. Discard the titrated 
methanol and replace it with a fresh 100 ml of methanol. T o  the fresh 
methanol, add from a Mohr pipet approximately 0.5 ml less Karl Fischer 
reagent than the amount required to reach the end-point. Complete the 
titration using the diluted reagent to the electrometric end-point. 


Pipet 10.0 ml of dioxane into the methanolic solution just titrated. 
Titrate with the diluted Karl Fischer reagent to the electrometric end- 
point. Record the volume of diluted Karl Fischer reagent used to titrate 
this system. This sample represents the dioxane reagent blank. 


Pipet accurately 10.0 ml of water standard directly into the same ti- 
tration vessel and titrate with diluted Karl Fischer reagent to the elec- 
trometric end-point. Record the volume of diluted Karl Fischer reagent 
used. 


Sample Preparation-Weigh together, to the nearest 10 mg, five 
tablets that have been crushed within their individual sealed packets (to 
avoid moisture adsorption from the environment6) and empty them into 
a dry 50-mI centrifuge tube. Reweigh the empty packets and calculate 
the sample weight by difference. 


Pipet accurately 25.0 ml of dioxane into the centrifuge tube and shake 
on a wrist-action shaker for 15 min. Centrifuge the tube for 5 min. 


Procedure-Pipet carefully (without disturbing the insoluble material) 
10.0 ml of the dioxane solution into the Karl Fischer titration vessel 
containing 100 m! of methanol titrated with diluted Karl Fischer reagent 
to the electrometric end-point. Titrate this sample solution to the elec- 
trometric end-point. Record the volume of titrant used. Additional 
samples can be analyzed by pipetting 10.0 ml of the dioxane solution from 
another sample into the sample solution just titrated and titrating with 
the diluted Karl Fischer reagent to the electrometric end-point. Record 
the volume of titrant used. 


Four samples can be analyzed concurrently in the same titrated system. 
If there is a few minutes of delay between sample analysis, one should 
titrate the methanolic solution before the next sample is added because 
of the possibility of moisture entering the titrated system (this titration 
value need not be recorded). 


Calculations-The following equations were used: 
W T=- 


( V - D )  
(Eq. 1) 


4 Precision Auto-Aquatrator, Precision Scientific Co., Chicago, Ill. 
6 Burrell Cor Pittsburgh, Pa. 
6 Crushing tabeta expmed to the atmosphere produces erroneously high results 


because of water adsorption from the environment. 
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Abstract Services provided by a clinical pharmacokinetics laboratory 
were evaluated in terms of an accepted cost-benefit model, and a model 
to evaluate clinical services provided by the pharmacist is presented. A 
retrospective study was conducted to evaluate the impact, in terms of 
patient outcomes, of individualizing gentamicin dosage regimens in se- 
verely burned patients. Analysis was conducted using multivariate sta- 
tistical techniques and appropriate nonparametric and parametric tests 
to determine significant differences. This analysis provided the necessary 
data to quantify the impact of the pharmacokinetic service. The findings 
suggest that significant differences do exist in comparing individually 
dosed patients against those who were not, based upon discriminant and 
multiple regression analyses and/or nonparametric tests. Furthermore, 
the results will be useful for insurance companies, third-party payers, 
and government agencies in deciding which innovative clinical services 
should be reimbursed. 


Keyphrases n Gentamicin-dosage regimens individualized in burn 
patients, cost-benefit analysis Cost-benefit-analysis, gentamicin 
dosage regimens individualized in burn patients 0 Dosage regimens- 
gentamicin, individualized in burn patients, cost-benefit analysis 
Antibacterials-gentamicin, dosage regimens individualized in burn 
patients, cost-benefit analysis 


The new roles of the pharmacist go beyond the distri- 
bution function and center around optimal utilization of 
drug knowledge. The main thrust of clinical pharmacy is 
aimed at enhancing the benefits of drug therapy and cor- 
recting detected deficiencies in drug use. The ultimate goal 
of the clinical pharmacist is to be recognized as a drug 
therapy specialist who provides judgmental services (1, 
2). 


BACKGROUND 


The expanded role of the pharmacist includes offering new services 
such as counseling patients with respect to drug therapy, conducting drug 
histories, providing therapeutic advice to physicians, and applying 
pharmacokinetic principles in monitoring and adjusting dosage regimens 
(3). 


Few pharmacists would argue that these additional clinical services 
do not provide added benefit to the treatment of patients and the cure 
of disease. However, health administrators and other policy decision 


makers emphasize that innovative health services that further expand 
the health-care system must be sufficiently evident to the buyer that 
he/she is willing to pay the increased price over that in which the service 
is not provided. Unfortunately, furnishing this information has been a 
serious problem that may partially explain the slow acceptance of the 
clinical pharmacy concept by the consumer and other health-care pro- 
viders. 


In the past few years, the health-care system has been faced with the 
growing rate of inflation and the reality that resources for medical care 
are clearly finite. It was suggested (4,5) that future medical innovations 
be evaluated in terms of social and medical priorities relative to costs 
incurred. The ever increasing problem of rising costs and limited re- 
sources has led many leaders in pharmacy to the realization that inno- 
vative clinical services must be cost justified (6). 


Economists have suggested that cost-benefit or cost-effectiveness 
analyses are necessary to evaluate rationally innovative health services 
that result in increased costa to the system. This analysis is often neces- 
sary to gain acceptance from the health-care sector (7-9). It was proposed 
that the utilization of such a valuable tool in evaluating the benefits and 
costs of clinical pharmacy services may be one solution to increasing ac- 
ceptance of such services by the medical profession, third-party payers, 
and consumers (10-15). 


In examining the scope of services provided by the clinical pharmacists, 
the application of clinical pharmacokinetic principles to individualize 
drug dosage regimens has the greatest potential for directly affecting 
patient outcome with respect to drug therapy. Burn patients treated with 
gentamicin often receive subtherapeutic doses, theoretically leading to 
a decrease in a positive therapeutic effect and, thus, altering the chances 
for positive patient outcome (18-20). 


The present study attempted to evaluate whether a clinical phar- 
macokinetic service staffed by clinical pharmacists has a measurable and 
positive impact on the care and outcome of burn patients with Gram- 
negative septicemia. A cost-benefit method was employed for this eval- 
uation. 


EXPERIMENTAL 


A retrospective cohort study was conducted to  evaluate the impact, 
in terms of patient outcomes, of individualizing gentamicin dosages for 
burn patients with Gram-negative septicemia. Data were abstracted' 


1 To avoid bias, data were abstracted by hospital auditors unconnected with the 
pro'ect. The abstractors had prior experience in chart review and medical care 
audits. 
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Table I-Comparison between Nonkinetics and Kinetics Study 
Groups of Selected Independent Variables 


Patient Variable 


A e ears 
V$e:gKt, kg 
Percent body surface 


Delay in admission, hr 
Onset of sepsis, days 
Percent of females 


area burned 


Nonkinetics Kinetics 
(Mean f SD) 


34.1 f 22.1 
62.1 f 25.4 
47.0 f 19.8 


6.8 f 6.7 
9.4 f 2.1 


(Mean f SD)  


39.1 f 24.1 
67.5 f 25.5 
50.7 f 21.1 


4.9 f 4.7 
9.3 f 2.2 


23.1 27.3 


from the medical charts of patients admitted to the burn center2 during 
1972- 1976. 


Based on a predetermined set of criteria, the “treatment” group was 
selected from burn victims whose gentamicin dosage regimens were in- 
dividualized by the pharmacokinetic service from the second half of 1974 
through 1976. The comparison group (serving as the “control”) consisted 
of burn patients admitted to the burn care center prior t o  the imple- 
mentation of the pharmacokinetic service, during 1972 through the first 
half of 1974. Their gentamicin dosage regimens were determined via 
traditional recommendations. 


For admission to the study, patients must have had: 
1. At least one Gram-negative septic episode (documented by either 


2. Gentamicin treatment for a t  least 3 days. 
3. At least a third-degree burn or a combination of second- and 


4. Less than 24 hr between time of burn and time of admission (patient 


5. No prior renal disease. 
6. An internally consistent and complete data base on the relevant 


variables. 
Analysis Design-As previously mentioned, this study consisted of 


a retrospective cohort design in which many of the variables that could 
potentially affect patient outcome were not controlled as would be the 
case in an experimental design approach. In other words, this epidemi- 
ological approach affords no way of knowing that the two groups were 
equivalent before the implementation of the pharmacokinetics service. 
As a result, various multivariate statistical techniques, such as multiple 
regression and discriminant analyses, were utilized to measure adequately 
the impact of the pharmacokinetics service while treating the indepen- 
dent variables as covariates. 


Independent variables-When using a multivariate technique, in- 
dependent variables for the multivariate model must be selected care- 
fully. Variables were selected on the basis of support from the literature 
in terms of their impact on patient outcome in burn wound victims. The 
variables collected in this study were: type of burn, sex, age, total body 
surface area burned (percent), delay between injury and admission 
(hours), onset of sepsis (days from burn injury), disease complications 
(e.g., pulmonary and cardiovascular), preexisting disease, blood culture, 
type of topical treatment, pharmacokinetic protocol (yes or no), genta- 
micin dosage (interval and duration), and carbenicillin dosage and in- 
terval. 


Patient Outcome Variables-Several dependent variables were 
chosen to detect significant differences between patients whose genta- 
micin dosages were pharmacokinetically determined and those for which 
the dosage regimen was determined uia traditional mechanisms. The 
patient “outcome” variables were: survival, length of infection, length 
of stay, number of adverse drug reactions, and number of septic epi- 
sodes. 


Cost-Benefit Model-The mathematical statement of the cost- 
benefit model used in this study was: 


a blood culture or clinical observation). 


third-degree burns. 


must not have been a referral case). 


(Eq. 1) 
t = l  BC,, = 


where Bt is the total economic value of all benefits (Zbi )  that  accrue to 
a program in time period t ,  Ct is the total economic value of all costs (Zcj) 
that are incurred by a program in time period t ,  r is the annual oppor- 


* The burn care center at St. Paul-Ramsey Medical Center is a 24-bed facility, 
one of the largest in the upper midwest of the United States and the major center 
in Minnesota. Approximately 190 patients are admitted annually. 


Table 11-Gentamicin Dosage Regimen Comparison fo r  t he  First 
Septic Episode 


Nonkinetics Kinetics Signifi- 
Group Group Test cance 


Dosaee Variable (Mean f S D )  (Mean f S D )  Value Level 


Dosage, mg/kg/day 4.4 f 4.5 7.4 f 2.8 t ( l O 3 )  = 4.13 0.001 


Duration of 8.3 f 2.i 10.3 f 4.8 t ( 5 3 )  = 2.28 0.05 


Dosage 8.1 f 2.9 5.3 f 1.7 t (103)  = 5.24 0.001 
interval, hr 


therapy0, days 


0 Determined for surviving patients only. 


tunity cost or discount rate, n is the economic life of the proposal, and 
RCPK is the benefit-to-cost ratio at present value. 


With this model, programs under evaluation would be socially valuable 
or would be considered a desirable use of resources as long as the BC,, 
is greater than 1.0. 


Pharmacokinetics Service Costs-Two major types of costs, the 
fixed and operating costs, were incurred in the implementation and op- 
eration of the pharmacokinetics service. The fixed costs included the cost 
of the physical facility based on the size in square feet, the annual 
maintenance expenditures, and equipment costs that  were depreciated 
over a 20-year straight line. 


The operating costs measured in this project included: administrative, 
professional staff, and supportive personnel salaries; equipment leasing 
fees; subscription fees for professional journals and miscellaneous ref- 
erences; and medical supplies (e.g.,. drug assay kits, syringes, and nee- 
dles). 


The total annual cost was determined by the simple addition of the 
fixed and operational costs. However, the cost per gentamicin serum 
determination was computed by dividing the total costs by the number 
of gentamicin samples obtained and analyzed for the period in which the 
costs were incurred. 


Direct and Indirect  Benefits-Direct benefits were regarded as the 
incremental reduction in the direct costs associated with the particular 
program. In this study, direct benefits were estimated based on significant 
changes observed in the two study groups. The relative contribution of 
the pharmacokinetics service to explaining observed changes was esti- 
mated using both regression and discriminant analyses. The variables 
measured to estimate the direct benefits were: length of hospital stay, 
length of infection, number of septic episodes, and number of adverse 
drug reactions. 


A reduction in one or more dependent variables provided an estimate 
of the benefits derived by the burn patient in this study. The following 
formula was used to determine the dollar value associated with the direct 
benefits accrued: 


DB = IXlLOS + JXzLOI + K X B N S E P  + LX4ADR (Eq. 2) 


where: 


DB = 
LOS = 


LOI = 


N S E P  = 


ADR = 


XI,X2.X3,X4 = 


I =  


J =  


K =  


direct benefits in dollar value 
observed change (days) in length of stay between 
the two study groups 
observed change (days) in length of infection be- 
tween the two study groups 
observed change in the number of septic episodes 
between the two study groups 
observed change in the number of adverse drug 
reactions between the two study groups 
relative contribution of the pharmacokinetics ser- 
vice in explaining the observed change in the re- 
spective dependent variables, estimated using 
multivariate techniques 
medical and hospitalization costs per day of hos- 
pitalization 
incremental medical and hospitalization costs per 
day of infection 
incremental medical and hospitalization costs per 
septic episode 


L = incremental medical and hospitalization costs per 


Indirect benefits were regarded as a measure of the productivity losses 
attributed to an increased length of hospital stay and/or to persons who 
would have died if the pharmacokinetics service were not in effect. 


adverse drug reaction 
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Table I l I S t e p w i s e  Summary of Discriminant Analysis for  Mortali ty during the Study Period, 1972-1976 


Wilks Significance Change Change in Significance 
S k P  Variable Lambda Level in r2 Rao's V Rao's V Level 


1 Age 
2 Percent body 


0.87 0.001 0.13 15.81 15.81 0.001 
0.76 0.001 0.12 29.88 14.07 0.001 


surface area burned 
3 Pharmacokinetics 0.63 
4 Disease complications 0.60 
5 Blood culture 0.56" 


0.001 
0.000 
0.OOO 


0.13 44.73 
0.03 49.03 
0.03 53.15 


14.85 
4.30 
4.12 


0.001 
0.007 
0.009 


xz (5 d f )  = 47.1; p < O.OOO1 


Morbidity savings ( M R S )  were calculated using: 


MBS = XI(E,)LOS (Eq. 3) 


where X1 is the relative contribution of the pharmacokinetics service in 
explaining the observed change in the length of stay between the two 
study groups, LOS is the observed change (days) in the length of stay 
between the two study groups, and E,  is the average earnings at age group 
a. Morbidity savings were calculated separately for males and fe- 
males. 


The following formula was used to compute the mortality savings (the 
average per capita income was adjusted for sex): 


L~ = 2 Y, ( I  +r)-(t-l) (Eq. 4) 


where Lt is the expected total earnings up to time t ,  Y is the average per 
capita income in the age group where the midpoint of the group is age 1 ,  


n is the number of years of expected earnings, and r is the discount rate. 
The measure of output loss for an individual was the year-round, full-time 
earnings, which include wages and salaries before deduction of the pro- 
posed measure of expected earnings in the arithmetic average or 
mean. 


The discount rates were chosen from those studies conducted in recent 
years. A sensitivity analysis approach was used. The rates used were 1, 
6, and 10%. 


t= i  


RESULTS AND DISCUSSION 


Data were abstracted from the medical charts of 832 burn patients; 105 
patients met the criteria for admission to the study, representing ap- 
proximately 12.6% of the burn patients admitted to the sponsoring hos- 
pital. The nonkinetics group consisted of 39 patients, whereas 66 patients 
were in the kinetics study group. 


Comparison of Independent Variables between Kinetics and 
Nonkinetics Study Groups-In terms of the independent variables 
collected, few significant differences were detected. There were no sig- 
nificant differences in the demographic factors, percent body surface area 
burned, delay in admission, or the number of days for onset of sepsis. 
Table I shows that over 90% of the patients in both groups were inflicted 
with a flame injury. The incidence of preexisting diseases was 21.1 and 
22.7% in the nonkinetics and kinetics groups, respectively, and was not 
significantly different. The predominant preexisting diseases were hy- 
pertension, diabetes mellitus, and emphysema. 


In terms of disease complications, no significant differences between 
the groups were detected. Twenty-three (60.5%) nonkinetics patients had 
one or more complications, whereas 40 (62.5%) kinetics patients devel- 
oped a t  least one disease complication. The various complications de- 
tected were pneumonia, cardiovascular problems, GI disorders, and renal 
failure. The number of patients having a positive blood culture was 23 
(59%) for the nonkinetics group and 37 (56.1%) for those patients whose 
gentamicin dosage regimen was individualized by the pharmacokinetics 
service. This difference was not significant using x' analysis. 


Table IV-Discriminant Analysis Coefficients for  the Mortality- 
- Dependent Variable during the Study Period, 1972-1976 


Independent Standardized Unstandardized 
Variable Coefficient Coefficient 


Age -0.92 -0.04 
Percent body -0.60 -0.03 


Pharmacokinetics -0.63 -1.3 


Blood culture -0.40 -0.80 


surface area burned 


Disease complications -0.42 -0.53 


Constant t3.21 
~~ 


Table I1 shows significant differences in the dosage, interval, and du- 
ration of gentamicin therapy between the two study groups, supporting 
the hypothesis that  burn patients may require higher dosages to obtain 
therapeutic serum levels. The mean dosage in the nonkinetics group fell 
within the manufacturer's recommended dosage; patients in the phar- 
macokinetics group were given higher dosages at significantly shorter 
intervals. These findings further support those of Zaske et  al. (17), which 
suggest the measurement of serum gentamicin levels in all burn patients 
with life-threatening infections. 


The antibiotic carbenicillin is often used in conjunction with genta- 
micin for patients with Pseudomonas infections. In the nonkinetics 
group, 51% of the patients received carbenicillin and 58% of the kinetics 
patients received the drug. The average doses were 410 and 439 mg/ 
kg/day in the nonkinetics and kinetics groups, respectively. These dif- 
ferences were not statistically significant (t = 1.12; 56 df; n.s.). In terms 
of topical therapy, no significant differences were observed. All patients 
received silver sulfadiazine with either povidone-iodine or mafenide. 


Finally, the antibiotic sensitivity patterns were examined for the study 
period to detect any significant changes in susceptibility of the bacterial 
organisms to gentamicin. The results indicated nonsignificant changes 
over the 6-year period. 


. Pharmacokinetics Service Annual Costs-Fixed Costs-The an- 
nual fixed costs of $778.00 were relatively small compared to the other 
costs. The fixed costs for the pharmacokinetics office facility and 
equipment were depreciated in accordance with the depreciation 
schedules used by the sponsoring hospital. 


Operating Costs-The total annual cost to operate the pharmacoki- 
netics service was approximately $73,915. Salaries accounted for the 
largest percentage, but the costs of the gentamicin blood sample assays 
were similar. A breakdown of the laboratory costa showed that the average 
cost to assay a blood sample of gentamicin was $7.72. 


Total Annual Costs-The total annual costs, $74,693, included the 
fixed and operating c a t s  associated with operating the pharmacokinetics 
service. The total annual costs divided by the total annual number of 
gentamicin blood samples (4305) provided an estimate of $17.35 for the 
cost per gentamicin blood sample3. 


Total Cost per  Burn Patient-The cost per burn patient whose gen- 
tamicin dosage regimen was determined by the pharmacokinetics service 
was approximated by multiplying the total cost per blood sample ($17.35) 
by the mean number of gentamicin samples (6.8) obtained per burn pa- 
tient in the study. Rounding the 6.8 to 7.0 yielded a cost of approximately 
$122.00/patient for individualized gentamicin dosage. Since the total 
number of patients was 66, the total costs for individualizing the genta- 
micin dosages was approximately $8052. This figure represented the 
denominator in the cost-benefit model. 


Benefit Determinations-Each patient outcome variable was ana- 
lyzed using the appropriate multivariate analytical techniques to  de- 
termine the relative contribution of the pharmacokinetics service. 


Prior to multivariate analysis, Kendall's tau correlation coefficients 
were obtained for the independent variables collected. If any two vari- 
ables had a correlation greater than 0.40, then one was deleted to help 
minimize the problems of multicollinearity. 


After the elimination of those variables, which were highly intercor- 
related, the following multivariate linear model was developed: 


Y = E l 1  (type of burn) + B:! (sex) + B3 (age) + 8 4  (percent 
of body surface area burned) t Bs (delay before admission) 


+ Bg (onset of sepsis) t B7 (disease complications) + B8 


(preexisting diseases) t Bg (blood culture) + Blo (topical 
therapy) t B11 (carbenicillin dose) t B12 (pharmacokinetics) 


+ constant (Eq. 5) 


St Paul-Ramsey Medical Center currently charges the patient $21.00/sarn- 
ple. 
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Table V-Mortality Rates between the Two Study Groups * 
Nonkinetics Kinetics 


Group Percent Group Percent 


Survived 13 
Died 26 
Total 39 


33.3 42 63.6 
66.7 24 36.4 
100 66 100 


a x z  (1 d / )  = 7.85; p < 0.005. 


Variables not included were gentamicin dosage and interval, weight, and 
carbenicillin interval. 


Mortality-Discriminant analysis was used to determine the relative 
influence of the various independent variables on explaining observed 
changes in those patients who died and those who survived Gram-nega- 
tive sepsis secondary to the burn injury. In addition, it allowed the 
quantification of the relative contribution of the pharmacokinetics service 
to explain the observed differences between the two study groups. 


Table 111 summarizes the discriminant analysis for mortality. As 
specified in the model, all variables were included in the analysis. The 
step-down analysis was repeated until the change in Rao’s V was not 
significant. This procedure was followed for all multivariate analyses. 
The final model was significant (p < O.OOOl), as indicated by the overall 
significance of Wilks lambda. The canonical correlation was 0.66. Ex- 
amination of the standardized coefficients (Table IV) shows that the 
pharmacokinetics service was positively correlated with survival, whereas 
age, percent body surface area burned, disease complications, and blood 
cultures were negatively correlated with survival. 


The findings also suggest a significant impact of the pharmacokinetics 
service in terms of reducing mortality. Pharmacokinetics explained 13% 
of the variance in the observed mortality rates between the two study 
groups. As predicted, age and percent of body surface area burned were 
also good predictors in explaining this variance. The findings support 
the hypothesis that a significant reduction in the mortality rate between 
the two study groups can be attributed to the pharmacokinetics ser- 
vice. 


The observed change in the percentage of patients that died between 
the nonkinetics and kinetics study groups was approximately 30.3% 
(Table V). This percentage represents a difference of 20 lives saved be- 
tween the two groups. The results of the discriminant analysis indicated 
that the pharmacokinetics service accounted for approximately 13% of 
the variance, equivalent to 2.6 lives saved. In terms of sex differences, the 
ratio of male to female in the kinetics population was 8 to 3. The 2.6 lives 
saved can then be transformed into 1.9 males and 0.7 females for the 
purposes of estimating dollar value of lives saved. This information was 
incorporated into the cost-benefit formula using the average earnings4 
for both the male and female wage earners. 


These estimates were based on the mean ages of the males and females 
in the kinetics study group, 35 and 27 years, respectively. Table VI pro- 
vides a summary of the mortality savings for the respective discount 
rates. 


Length of Stay and Length of Infection-Table VII shows that the 
mean length of hospital stay and the mean length of infection were greater 
for the kinetics group. The mean length of infection was 10.3 days for the 
kinetics group and 8.1 days for the nonkinetics group. The mean length 
of stay was 72.3 days for the nonkinetics group and 93.2 days for the ki- 
netics group. These findings were significantly different and contradict 
the hypotheses that the pharmacokinetics service would reduce the 
lengths of infection and hospital stay. A possible explanation is that the 
increased probability of survival, as described earlier, may have affected 
the ratio of severe patients in the kinetics group as compared to the 
nonkinetics group, which may have ultimately affected the length of stay 
and the length of infection. This decrease may be reflected by the survival 
of patients who would have normally died if their gentamicin dosages 
were not individualized by the clinical pharmacokinetics service. 


In addition, the mean length of stay of patients who died was greater 
for those in the kinetics group uersus the nonkinetics group. However, 
this difference was not statistically significant. The mean length of in- 
fection for patients that died was 5.7 and 11.2 days for patients in the 
nonkinetics and kinetics groups, respectively. This difference was sig- 
nificantly different (Table VII). These findings give further support to 
the explanation given with regard to the stated hypotheses. In other 


Suurce: US. Bureau of the Census, “Incomes in 1975 of Families and Persons 
in the United States,” Current Pupulafiun Reports, Series P-60, No. 102, U S .  
Government Printing Office, Washington, D.C., 1977. 


Table VI-Cost-Benefit Ratios for Selected Discount Rates 


Parameter 


Mortality savings, dollars 
Morbidity losses, dollars 
Pharmacokinetics 


service costs, dollars 
Total costs, dollars 
Benefit-to-cost ratio 


Discount Discount Discount 
Ra te l% Rate6% Ratelo% 


911,520 331,068 171,931 
29,798 29,798 29,798 


8,052 8,052 8,052 


37,850 37,850 37,850 
24.0 8.7:l 4.5:l 


words, this finding, which is opposite to the stated hypothesis, may be 
a reflection of patients who would have normally died if their gentamicin 
dosages were not individualized by the clinical pharmacokinetics ser- 
vice. 


Multiple regression analysis was used to determine the relative con- 
tribution of the independent variables identified earlier to explaining 
variances in the length of infection and the length of stay between the 
study groups. Patients who died were analyzed separately from those who 
survived. 


In examining the regression analysis in the length of infection for those 
patients that survived, the significance of the F statistic was not signifi- 
cant a t  any level of the analysis. In other words, none of the variables 
entered in the model were significant contributors t o  explaining variance 
between the study groups. 


Table VIII provides a summary of the regression analysis for the length 
of infection in those patients that  died. The pharmacokinetics service 
accounted for approximately 32% of the variance. The significance of the 
F statistic shows that the model was significant top < 0.001. Examination 
of the sign of the standardized coefficients showed that the pharmaco- 
kinetics variable was positive, indicating that patients whose gentamicin 
dosage regimen was determined by the pharmacokinetics service expe- 
rienced longer periods of infection before they actually died (Table 
1x1. 


In summary, the contribution of the pharmacokinetics service for those 
patients who survived was not significant using multiple regression. 
However, regression analysis for those patients that  died indicates that 
a significant portion (32%) of the observed change can be attributed to 
the pharmacokinetics service. As noted earlier, however, this change was 
not in the direction hypothesized. Table VII shows that the mean length 
of infection was greater for the kinetics group. The mean difference in 
the length of infection for those patients that died was 5.5 days. Multi- 
plying this observed change by 32% yields the increase in the length of 
infection attributable to the pharmacokinetics service. Rounded to the 
nearest day, approximately 2 daydpatient that  died can be attributed 
to the pharmacokinetics service. If this number is multiplied by the 
number of patients in the kinetics group (24), the total number of addi- 
tional days of infection was approximately 48 days. The incremental cost 
per day of infection over and above the normal daily medical and hospi- 
talization charges was estimated to be $531.00, using the records supplied 
by the sponsoring hospital. If this figure is multiplied by 48 days, the 
additional cost attributed to the pharmacokinetics service was 
$24,488. 


Finally, in examining the regression analyses for the length of hospital 
stay, the pharmacokinetics service did not contribute significantly to 
explaining the variance observed between the two study groups and was 
not included in the cost-benefit model as a result of the analyses. 


Number of Septic Episodes per Patient-In examining the number 
of septic episodes per patient, there was a significant difference between 
the two study groups (Table X). In the nonkinetics group, three (7.7%) 


Table VII-Length of Infection and  Length of Stay Comparisons 
for Patients Who Died and Survived in Studv GrOUDS 


Nonkinetics 
Patient Group 


Outcome (Mean f 
Variable SD, 


davs 
Length of stay, 


STrvived 72.3 f 24.3 
Died 26.3 f 31.2 


Length of 
infection, days 


8.1 f 2.3 Survived 
Died 5.7 f 3.2 


Kinetics 
Group Signifi- 


(Mean f Test cance 
SD) Value Level 


93.2 f 32.4 t ( snd / )  = 2.11 0.05 
36.1 f 30.4 t(4wf) = 1.12 n.s. 


270 1 Journal of Pharmaceutical Sciences 
Vol. 68, No. 3, March 1979 







Table VIII-Stepwise Summary fo r  Regression Analysis fo r  Length of Infection in Patients Who Died 


Significance Multiple Change Overall Significance 
step Variable Level R r2 in r2 F Level 


1 
2 
3 
4 
5 
6 
7 
8 


9 
10 
11 


Pharmacokinetics 
Preexisting diseases 
Topical therapy 
Carbenicillin dose 
Sex 
Age 
Disease complications 
Percent body surface 


area burned 
Onset of sepsis 
Blood culture 
Delay in admission 


0.000 
0.003 
0.081 
0.152 
0.152 
0.459 
0.576 
0.640 


0.756 
0.806 
0.812 


a The F level for “type” wag insufficient to be included in the analysis. 


patients had more than one spetic episode. One of the three patients had 
three septic episodes. All three of these patients died as a result of the 
Gram-negative sepsis. 


In the kinetics group, 15 (22.7%) patients had at least two septic epi- 
sodes, which was significantly different from the nonkinetics group ( x 2  
= 3.91, p < 0.05). Twelve patients had two septic episodes while the re- 
maining patients experienced three septic episodes. Also, seven of the 
15 patients died as a result of the sepsis. 


These findings do not support the main hypothesis that fewer patients 
in the kinetics group would experience more than one septic episode as 
compared to the nonkinetics group. A possible explanation parallels that 
given for the unexpected findings associated with the length of infection 
and the length of stay. That is, the survival of patients who would have 
normally died if the pharmacokinetics service were not in effect signifi- 
cantly offset this patient outcome variable. 


The relative contribution of the pharmacokinetics service to explaining 
observed changes in the number of septic episodes per patient between 
the two study groups was determined using discriminant analysis. The 
dependent variable was separated for those patients who had one septic 
episode uersus those patients experiencing more than one septic episode. 
This analysis was conducted separately for those patients that  survived 
and those that died. 


Table XI provides a summary of the multivariate analysis for patients 
that  survived. Age contributed the most to explaining variance, with a 
0.87 Willrs lambda. The pharmacokinetics service was second, explaining 
approximately 9% of the variance as indicated by the change in Wilks 
lambda. The canonical correlation was 0.55. 


Examination of the standardized coefficients showed that age and the 
time a t  which the patient developed sepsis were negatively associated 
with the increase in the number of septic episodes between the two study 
populations (Table XII). In other words, the older the patient and the 
later the patient developed sepsis from the time of admission, the fewer 
were the number of septic episodes. The pharmacokinetics service, 
however, was positively related to the number of septic episodes. 


The results of the discriminant analysis indicate that the pharmaco- 
kinetics service contributed significantly (9%) to explaining the variance 
between the two study groups in the number of septic episodes for those 
patients that survived (Table XI). The regression analysis was not sig- 
nificant for those patients that died. 


Multiplying the mean length per septic episode (10.3 days) by the in- 
crease in the number of septic episodes (0.25) per kinetics patient that  


Table IX-Regression Coefficients f o r  Length of Infection in 
Patients Who Died 


0.56 
0.66 
0.69 
0.73 
0.73 
0.73 
0.74 
0.74 


0.74 
0.74 
0.74 


Independent Standardized Unstandardized 
Variable Coefficient Coefficient 


Pharmacokinetics 0.43 4.17 
Preexisting disease 0.34 2.16 
Topical therapy -0.18 -1.02 
Carbenicillin dose 0.26 0.01 
Sex -0.18 -1.94 


-0.04 -0.01 
0.06 0.46 


Age 
Disease complications 
Percent body surface -0.05 -0.01 


Onset of sepsis -0.05 -0.23 
Blood culture -0.03 -0.32 
Delay in admission -0.03 -0.03 
Constant 6.13 


area burned 


0.32 
0.44 
0.47 
0.53 
0.53 
0.54 
0.54 
0.54 


0.54 
0.54 
0.54 


0.32 22.23 0.001 
0.12 18.20 0.001 
0.03 13.72 0.001 
0.03 9.93 0.001 
0.03 9.93 0.001 
0.01 8.28 0.001 
0.001 7.03 0.001 
0.001 6.07 0.001 


0.001 5.28 0.001 
0.001 4.65 0.001 
0.001 4.13 0.001 


survived provided an estimate of the increase in the number of days of 
infection per patient between the two study groups (2.6 days). The 
number of patients that  survived in the kinetics group was 42; thus, the 
increase in the total number of days of infection due to patients having 
more than one septic episode was approximately 110 days. Multiplying 
this number by the relative contribution of the pharmacokinetics service 
(9%) showed that the increase in the total number of days of infection 
attributable to the service was 10 days. Multiplying this number by the 
incremental cost per day due to the infection ($531.00) showed that the 
total cost due to the increase in the number of septic episodes attributable 
to the pharmacokinetics service was $5310.00. 


Incidence of Adverse D r u g  Reactions-The reported incidence of 
nephrotoxicity and ototoxicity ranges from 5 to 10% (20). Three (7.7%) 
patients in the nonkinetics group possibly had renal complications sec- 
ondary to gentamicin therapy. I t  is difficult to distinguish renal toxicity 
due to gentamicin and that due to  a secondary complication of the burn 
injury or to other underlying conditions following the burn injury. There 
was no evidence of nephrotoxicity in the pharmacokinetics group. 


In reviewing the medical charts, no patient complaints of any hearing 
deficit could be found. Also, for those patients whose hearing was tested, 
no impairment of auditory function was detected. A possible explanation 
for the low incidence of detected ototoxicity could be the difficulty in 
abstracting this information from medical charts. In addition, it was 
apparent that few patients (0.8%) were given auditory examinations; thus, 
an accurate estimate of the incidence of ototoxicity could not be ob- 
tained. 


In summary, evidence was insufficient to conclude that the incidence 
of gentamicin-related adverse drug reactions was significantly reduced 
by the pharmacokinetics service and was deleted from the cost-benefit 
model. However, the frequency of nephrotoxicity observed with the 
nonkinetics group was similar to the reported incidence of from 5 to 
10%. 


Benefit-to-Cost Ratio-Table VI provides a summary of the costs 
and benefits. The ratios were calculated for the respective discount rates. 
The morbidity losses due to the increase in the length of infection and 
the number of septic episodes per patient were added to the pharmaco- 
kinetics service costs. 


The benefit-to-cost ratios were greater than one for each discount rate. 
The 6% discount rate was the mean of those rates previously reported. 
The ratio (8.21) for this discount rate may represent the most reasonable 
estimate of worth for the pharmacokinetics service. These findings in- 
dicate that the benefits associated with the pharmacokinetics dosage 
intervention for burn patients with secondary Gram-negative septicemia 
outweigh the costs associated with operating the service. 


CONCLUSION 


The objectives of this study were accomplished. It was undertaken 


Table  X-Number of Septic Episodes pe r  Patient between Study 
Groups * 


Episodes per Patient Group Percent Group Percent 
Number of Septic Nonkinetics Kinetics 


1 
2 
3 
Total 


36 92.3 51 77.3 
2 5.1 12 18.2 


4.5 - 2.6 - 1 
39 100 66 100 


- 3 - 


x 2  (1 d f )  = 3.91; p < 0.05. 
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Table XI-Stepwise Summary of Discriminant Analysis fo r  Number of Septic Episodes in Patients Who Survived 
Wilks Significance Change in Change Rao’s V in Significance 


Level 


0.87 0.002 0.13 7.37 7.37 0.007 1 
3 Onset of sepsis 0.70° 0.002 0.08 18.01 3.79 0.050 


Rao’s V Variable Lambda Level r2 Step 


2 %armacokinetics 0.78 0.002 0.09 14.22 6.86 0.009 


a x2 (3 df) = 15.35; p < 0.002. 


partially to apply a practical cost-benefit decision model that  could be 
used by the decision maker to determine the desirability of establishing 
and operating a clinical pharmacokinetics service within the hospital 
environment. Beginning with a considerable volume of theoretical, eco- 
nomic, and mathematical literature, this work set out to bridge the gap 
between the theoretical discussion of cost-benefit analysis and its 
practical application to evaluating clinical pharmacy services. 


Cost-benefit analysis proved to be a satisfactory technique in evalu- 
ating the use of clinical pharmacokinetics in the treatment of burn pa- 
tients. A major contribution of cost-benefit analysis was identifying the 
specific costs and benefits associated with the pharmacokinetics program. 
This step is important if one is ultimately interested in making the op- 
eration more efficient in terms of maximizing the cost-benefit ratio. 


The major conclusion to be made from this study is that  the pharma- 
cokinetics service evaluated may be beneficial not only to the burn patient 
who develops Gram-negative infections secondary to a third-degree burn 
wound but also to society. In other words, this study demonstrated that 
the ability of the pharmacist to provide services related to the application 
of pharmacokinetics in the treatment of burn wound infections may 
improve the quality, as well as the cost-benefit, of patient care as related 
to drug therapy. 


As stated by McLeod (3), the continued success of clinical pharmacy 
will be proportional to its contribution to patient care and public welfare. 
It appears that costbenefit analysis can be a mechanism to document 
successfully and accurately the contributions of the clinical pharma- 
cist. 


Table XII-Discriminant Analysis Coefficients for Number of 
Septic Episodes in Patients Who Survived 


Standardized Unstandardized 
Variable Coefficient Coefficient 


-0.99 -0.05 
%r macokinet ics 0.70 1.63 
Onset of sepsis -0.47 -0.05 
Constant 0.76 
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Abstract The influence of compliance measurement activities on 
patient behavior was studied. The project measured the relationship 
among physical capsule counts, patient interviews, and the amounts of 
excreted ampicillin. The capsule counts and patient interviews were 
conducted in a manner that disguised their intent. Sixty college-age pa- 
tients were assigned to one of three experimental groups: a telephone 
interview, a personal interview and capsule count, or a control group. 
Stimulation (interviews) occurred on the 2nd day of the prescribed reg- 
imen, and urine was collected on random days thereafter. Results indi- 


cated that both stimulation types were associated with more positive 
compliance rates. The influence diminished rapidly. The reactive in- 
fluence of experimentor intervention associated with personal and phone 
communication was demonstrated. 


Keyphrases n Compliance-effect of measurement activities on patient 
behavior 0 Dosage regimens-effect of compliance measurement ac- 
tivities on patient behavior 


Since 1954, when Jenkins (1) reported that the “average 
patient” consumed only about half of the total number of 
prescribed doses, members of the health community have 


responded with increased interest in the prevalence, as- 
sociated factors, and methods of improving medication 
compliance. Most published research studies regarding 
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Table 11-Carbon-13 Chemical Shifts of Aminopyrine 


Relaxation 
Chemical Timed, 


Assignment” Multiplicityb ShiftC TI,  sec 


c - 3  S 163.6 48.9 
c - 5  S 150.2 30.7 c-1‘ S 135.4 32.7 
C-3‘ d 128.9 2.54 
c-4’ d 125.7 1.28 
c - 4  S 123.9 41.4 
(2-2’ d 123.0 2.32 
C-8 q 43.8 2.37 
c - 7  q 36.6 3.23 
C-6 q 10.2 4.40 


a.b.c .d  See corresponding footnotes in Table 1. 


centered a t  6 43.8,36.6, and 10.2 ppm were assigned to ‘2-8, C-7, and C-6, 
respectively, on the basis of chemical shift theory (71, percent intensity 
of the signals, and comparison with the chemical shifts of I and 111. The 
four singlets at  6 163.6, 150.2, 135.4, and 123.9 ppm observed in the 
SFORD spectrum of 11 were assigned to C-3. C-5, C-l’, and C-4, respec- 
tively, on the basis of chemical shift theory (71, relaxation time, and 
comparison of the assignments of the corresponding carbons of I and 
111. 


The chemical shifts of C-4 and C-5 in I1 were a t  a lower field as com- 
pared to the chemical shift of the coresponding carbons in I. This shift 
was due to the dimethyl amuio group present a t  position 4 in 11, which 
is more electronegative and bulky than the amino group present a t  po- 
sition 4 in I. Earlier studies indicated that the electronegative group 
produces a downfield shift to the attached carbon of the vinyl group and 
an upfield shift to the next carbon of the vinyl group. The upfield shift 
decreases with an increase in the bulkiness of the electronegative group 
(7). The three doublets centered a t  6 128.9, 125.7, and 123.0 ppm were 
attributed to C-3’, C-4’, and C-2’, respectively, on the basis of chemical 


shift theory, relaxation time, and comparison with the chemical shift of 
structurally related compounds I, 111, V, and VI. 
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Abstract 0 The evaluation of adsorption behavior from the charge 
profile of an adsorbent dispersion determined as a function of the ad- 
sorbate concentration was investigated hy the streaming current mea- 
surement, using methylene blue and erythrosine as adsorbates and ac- 
tivated charcoal, microcrystalline cellulose, and polyvinylpolypyrrolidone 
as adsorbents. Adsorption capacity was evaluated using streaming current 
LJPKSUS solute concentration plots of dye solutions and of corresponding 
dye solutions equilibrated with the adsorhent. It was also determined 
by adsorption isotherm measurement and application of the Langmuir 
equation. Good agreement was obtained between the adsorption capacity 
values from streaming current data and adsorption isotherm measure- 
ments for microcrystalline cellulose, suggesting that adsorption here was 
a surface phenomenon without water-soluble extractives affecting particle 


charge. Similar agreement was not obtained for charcoal adsorption, and 
this result was attributed to the unusual adsorption behavior of charcoal. 
Since polyvinylpolypyrrolidone gave a dispersion with high particle 
charge, the streaming current method could not be used with this system. 
The charge profile could be useful in characterizing powders for unusual 
adsorption behavior and possible water-soluble extractives as well as for 
surface area estimation in the absence of these factors. 


Keyphrases 0 Adsorption-evaluated from charge profile, streaming 
current measurement 0 Charge profile-used to evaluate adsorption of  
dispersion, streaming current measurement 0 Powders-application 
of charge profile for characterizing unusual adsorption behavior 


New methods for screening powders for adsorption be- 
havior are of significant pharmaceutical interest. Reports 
deal with the adsorption of drugs by excipients (1-3), the 
use of adsorbents in the treatment of accidental poisoning 
(4 ,5 ) ,  the estimation of surface area by solute adsorption 
(6,7), and the control of particle charge by polyelectrolytes 
(8, 9). 


The initial inflection point of a charge profile may be 
considered to represent monolayer adsorption capacity 
(10). Therefore, it is potentially feasible to estimate the 
monolayer adsorption capacity from charge profiles. This 
approach was utilized in systems involving chemical ad- 
sorption in an industrial application requiring surface area 
control of a fine particle dispersion. However, it should also 
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be feasible in systems showing physical adsorption where 
the dispersion is clean so that there are no interferences 
with charge measurements either by soluble contaminants 
of the adsorbent or by unusual adsorption behavior. 


This study was concerned with the evaluation of ad- 
sorption behavior of dispersions from charge profiles ob- 
tained by the streaming current measurement using a 
streaming current detector. This detector provides a rel- 
atively rapid method for determination of charge pro- 
files. 


EXPERIMENTAL 


The estimation of adsorption capacity from charge profiles was eval- 
uated for the adsorption of two model solutes, an anionic dye, erythrosine' 
(I), and a cationic dye, methylene blue2 (11). by activated charcoal" (III) ,  
microcrystalline cellulose4 (IV), and polyvinylpolypyrrolid~ne~ (V). 
Charge profiles were determined by streaming current measurements. 
Adsorption capacity also was determined by adsorption isotherm mea- 
surements. 


Streaming Current  Titrations-Streaming current titrations were 
done using a streaming current detectorfi. Test samples for streaming 
current titrations were increasing concentration dye solutions and 
aqueous dispersions of adsorbents in the same concentration dye solu- 
tions. 


The samples were prepared as follows. Weighed amounts of the ad- 
sorbent were placed in a 250-ml conical screw-capped flask (0.1 g for 111 
and 1 g for IV). Increasing concentration dye solutions, 250 ml, were 
added to each flask. The flasks were closed with a parafilm liner and screw 
cap. The dispersions were shaken mechanically for a t  least 4 hr to reach 
equilibrium. 


Streaming current values of dye solutions and adsorbent dispersions 
were measured. The procedure used for the titrations was essentially 
similar to that reported by Shah and Sheth (11). In a typical measure- 
ment, the instrument surfaces were cleaned adequately and the sample 
(solution or dispersion) contained in a tall 400-ml beaker was placed in 
the instrument. The values were recorded after the instrument ran for 
5 min to allow the reading to stabilize. Since the streaming current value 
is obtained in arbitrary units, it was necessary to establish a point of 
reference for measurement indicating that the boot and piston surfaces 
were clean with no solute on them. The reference point was a streaming 
current value of deionized water ranging from -51 to -60. 


The profile for the test samples was obtained by plotting the streaming 
current as a function of increasing dye Concentration. The profile for the 
solution was referred to as the solution curve, and that for the dispersion 
was referred to as the dispersion curve. Profiles were determined by this 
procedure for test systems with 111 and IV. Similar profiles for systems 
with V could not be determined because of the presence of soluble ex- 
tractive that resulted in dispersions of V with a high particle charge. 


Adsorption Isotherm Measurement-Weighed amounts of the 
adsorbent were placed in a 250-ml conical screw-capped flask (0.1 I: for 
111 and 1 g for the other two adsorbents). Increasing concentration dye 
solutions, 100 ml, were added to each flask, and each flask was closed with 
a parafilm liner and a screw cap. Then the dispersions were shaken me- 
chanically for a sufficient time to reach equilibrium. After equilibration, 
the samples were centrifuged and the supernate was analyzed at  room 
temperature (25 f 1') for dye concentration ~pectrophotometrically~ 
a t  526 nm for I and a t  664.5 nm for 11. 


RESULTS AND DISCUSSION 


Adsorption Isotherms-The adsorption behavior of both solutes on 
I11 and IV and of I on V essentially followed the Type I adsorption iso- 
therm. However, the adsorption of I1 on V was greatly reduced and did 
not follow the Type I adsorption isotherm. The results of adsorption 


I Lot 96294, KSK Laboratories, Plainview, N.Y. 
2 Eaatman Kodak Corp., Rochester. N.Y. 


5 Polyclar-XI', lot 125. CAF Corp., New York, N.Y. 


Activated charcoal USP. American Norit Co., Jacksonville, Fla. 
Avicel PH-101, lot 1-90768. FMC Corp., Marcus Hook. Pa. 


Hydroscan streaming current detector, Leeds & Northrup Co., North Wales. 


Coleman model 124 douhle-beam recording spectrophotometer, Perkin-Elmer. 
Pa. 


Coleman Instrument Division, Maywood, I l l .  
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Figure 1-Adsorption isotherm of methylene blue on activated char- 
coal. 
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Figure 2-Langmuir isotherm for the adsorption of methylene blue on 
activated charcoal. 


studies were evaluated by the application of the Langmuir equation as 
follows: 


(Eq. 1) 


where C is the solute concentration a t  equilibrium; k l  and kp are con- 
stants; x/m is the amount of solute adsorbed per gram of adsorbent; and 
kl is equivalent to (x/m),,,ax, the monolayer adsorption capacity. 


Figure 1 shows the adsorption of I1 on 111, and Fig. 2 shows the Lang- 
muir plot for this system. Figures 3 and 4 show the same data for the 
adsorption of I1 by IV. Plots of C/x/m uersus C were linear for these 
systems. The Langmuir constants, kl and k2, are given in Table I. 


The value of k:! may be considered as the monolayer adsorption ca- 
pacity of the adsorbent for the solute. Compound 111 had a higher ad- 
sorption capacity for both solutes than the other two adsorbents (Table 
I). There was essentially no adsorption of I by IV, and I1 was essentially 
not adsorbed by V. These two adsorbents were selective adsorbents. 


The adsorption of I on I11 was lower than that of I1 on the molar basis. 
An explanation may be found in the report of Giles and D'Silva (6), who 
classified the pores of finely divided 111 by average width into three groups 
on an arbitrary basis: micropores with less than 20 8, width, transitional 
pores between 20 and 200 8, width, and macropores that are larger than 
transitional pores and difficult t o  distinguish from the external surface. 
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Figure 3-Adsorption isotherm of rnethylene blue on microcrystalline 
cellulose. 
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Tab le  I-Langmuir Constants fo r  Adsorption of Methylene Blue a n d  Erythrosine by Activated Charcoal, Microcrystalline Cellulose, 
and  Polyvinylpolypyrrolidone 


Langmuir Activated Microcrystalline Polyvinyl- 
Adsorbate Constant Charcoal Cellulose Dolvpyrrolidone 


Methylene blue kl, 100 ml/mole 
kz, mole/g 


Erythrosine k2, mole/g 
k I .  100 ml/mole 


Methylene blue kl, 100 ml/mole 
kz, mole/g 


Erythrosine k2, mole/g 
k I .  100 ml/mole 


3.403 X lo7 
3.804 X 
1.149 X 
1.88 x 107 


1.110 x 107 
7.924 X 
4.651 x 
8.488 X lo6 


1.169 X 106 
2.249 X 
7.987 X 
2.577 X lo6 


Table 11-Comparison of Adsorption Capacity (Moles per  C r a m  
X lo6) Determined by Adsorption Isotherm Method and  
Streaming Current  Titration for Adsorption of Methylene Blue 


Adsorption Streaming 
Adsorbent Isotherm Current 


Microcrystalline cellulose 7.92 7.22 
Activated charcoal 380 80.2 
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Figure 4-Langmuir isotherm for the adsorption of methylene blue on 
microcrystalline cellulose. 
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Figure 5-Solution ( 0 )  and dispersion (0 )  streaming current curves 
for the microcrystalline cellulose-methylene blue system. 


These authors proposed that micropores were significant in the adsorp- 
tion of small molecules such as nitrogen. Larger molecules would be ex- 
cluded from micropores but reach some or all of the transitional pores 
and all of the macropores. Transitional pores were considered to have 
their most important influence in the adsorption of organic solutes. 
Therefore, the difference in adsorption behavior of I and I1 may be due 
to the difference in their molecular size, the molecule of I being much 
larger than 11. 


It  was also observed that the adsorption of I1 caused a drop in the pH 
of 111-11 dispersions. Such behavior was noted by Bartel and Miller (12) 
and by Ciles et al. (3). This effect was attributed to the release of hy- 
drogen ion to the solution phase on adsorption of the dye cation. 


Adsorption from Charge Profile-No literature reports were found 
dealing with estimation of adsorption capacity from the charge profile 
of a dispersion. Surface area was estimated from the charge profile in an 
industrial application for a system involving chemical adsorption by 
taking the first inflection point as the point of monolayer adsorption (13). 
In a chemical adsorption situation, the slope changes greatly in the 
streaming current charge profile at  this point so that the inflection point 
can be determined reasonably. However, such an inflection point cannot 
be identified readily in a physical adsorption situation. Therefore, a 


method was developed for the estimation of adsorption capacity in 
physical adsorption situations by utilizing the solution and dispersion 
curves of the system, and the adsorption capacity of I1 by IV and of I and 
I1 by 111 was evaluated. 


The method is based on the determination of the inflection points of 
the solution and dispersion curves by regression analysis. Adsorption 
capacity is calculated from the difference in solute concentration a t  the 
inflection points of the two curves. Figure 5 shows the solution and dis- 
persion curves for the IV-I1 system. The adsorption capacity was cal- 
culated as follows. The concentration of I1 a t  the streaming current so- 
lution curve inflection point = C, = 1.2 mg/100 ml. The concentration 
of 11 a t  the streaming current dispersion curve inflection point = cd = 
3.9 mg/100 ml. Then the adsorption capacity of IV for 11, milligrams of 
I1 per gram of IV, is c d  - C, = 3.9 - 1.2 = 2.7 mg/g = 7.22 x 10-6 mole/ 
g. 


The streaming current curve for the 111-11 system is shown in Fig. 6. 
This curve is not similar to that of the IV-I1 system. The adsorption ca- 
pacities estimated from the streaming current curves for both of these 
systems are given in Table 11. 


The type of data in Fig. 5 for the IV-I1 system is to be expected when 
there are no interferences or other complications in the streaming current 
measurement. The value obtained for the aqueous dispersion of IV in 
water without dye was -52, which was very close to the streaming current 
value for water. This value may be taken to indicate the absence of 
water-extractable material in IV. There was good agreement between the 
adsorption capacity values obtained by both methods (Table 11). These 
results indicate that the developed method is applicable for physical 
adsorption systems where there is no interference from extractable 
electrolytes and the adsorption behavior is not unusual. 


The estimate of adsorption capacity for the 111-11 system from the 
charge profile was also much lower than the value obtained from the 
adsorption isotherm. Hence, for this system, the value determined from 
the streaming current charge profile cannot be interpreted as representing 
adsorption capacity. The data for the 111-11 system in Fig. 6 differ from 
what might be expected in that the dispersion curve is higher than the 
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Figure 6-Solution (0)  and dispersion (0) streaming current curues 
for the activated charcoal-methylene blue system. 
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Figure 7-Solution ( 0 )  and dispersion (0 )  streaming current curves 
for the activated charcoal-erythrosine system. 
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Figure 8-Solution ( 0 )  and dispersion (0) streaming current curves 
for the microcrystaltine cellulose-erythrosine system. 


solution curve. Typically, the dispersion curve would be below the solu- 
tion curve. The reasons for this behavior are not clear, but a number of 
aspects of the adsorption behavior of I1 by I11 might be contributing 
factors. There was a drop in the aqueous dispersion pH a t  higher I1 
concentrations, as discussed previously. The amount of adsorption was 
quite high. In measurements with the detector, the streaming current 
values for dispersions represent the net effect of the shearing of the double 
layers formed on the boot and piston surfaces as well as the double layers 
surrounding the dispersed particles. The contribution to the measured 
streaming current values from the double layers surrounding the dis- 
persed particles may be substantially higher for dispersions with high 
adsorption capacity. Furthermore, higher dye concentrations were used 
for streaming current measurements than for adsorption isotherm 
measurements. At these concentrations, the dye would be expected to 
be in the dimer and trimer forms, with a corresponding effect on the 
nature of the double layer. 


For the 111-1 system, the dispersion curve was only slightly different 


from the solution c w e  (Fig. 7). The adsorption capacity calculated from 
the streaming current data was also substantially lower than that esti- 
mated from the value of kz, the Langmuir constant for the system. Where 
there was no adsorption, the solution and dispersion curves were similar, 
as shown in Fig. 8 for the IV-I system. 
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Abstract 0 Spheronized cores produced by extrusion and rnarumeri- 
zation were microencapsulated with ethylcellulose by organic phase 
separation to produce beads exhibiting controlled-release characteristics. 
In uitro dissolution studies indicated that the drug was released as a 
first-order model and that the release rates were proportional to the 
amount of film on the bead. The bronchodilator activity in the anesthe- 
tized dog and the heart rate effect in the unanesthetized trained dog were 
evaluated. Microencapsulated beads were prepared which produced 
controlled release as assayed by bronchodilation. The heart rate increases 
induced by the controlled-release formulations were gradual in onset, 
and the total increase in heart rate over a 6-hr period was less than that 
associated with the plain drug powder. 


Keypbrases Bitolterol-microencapsulation for controlled release, 
effects on bronchodilator and heart rate activities, dogs 0 Microencap- 
sulation-bitolterol, controlled-release characteristics assessed, effects 
on bronchodilator and heart rate activities, dogs 0 Dosage forms-con- 
trolled-release bitolterol formulations prepared by microencapsulation, 
effects on bronchodilator and heart rate activities, dogs 


The properties of bitolterol, an ester of N-tert-bu- 
tylarterenol, as a long-acting bronchodilator with reduced 
cardiac effects, were recently reported (1, 2). Additional 


improvement in the duration of action and in the reduction 
of side effects was sought by preparing material exhibiting 
a controlled release. 


Microencapsulation has been applied successfully to 
many areas of pharmaceutical interest. Microencapsula- 
tion as a unit operation was described and reviewed (3), as 
was the patent literature (4). An informative history of 
microencapsulation and its uses was presented (5). Most 
pharmaceutical work has been with irregularly shaped 
granules of powders or dispersed liquids, crystals, or sized 
granulations (6-16). This study concerns regular spherical 
cores in the 500-1000-pm range, encapsulated by organic 
phase separation. 


Spherical particles were prepared (17) using an extru- 
sion technique followed by spheronization in a marumer- 
izer. Briefly, the drug and suitable excipients are mois- 
tened thoroughly with granulating agents and water until 
a damp mass is formed. The material is then passed 
through an extruder to produce strands of uniform diam- 
eter. The extruded material is introduced into the chamber 
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Table I-Values Observed on Day of Experiment 
Parameter Value 


Animal weight, g 
Amount of mixture 


225 f 38 
57.1 f 7.2 


eaten, g i k g b  
Potassium oxonate ingested, g h g  
Uric acid ineested. e h e  


2.86 f 0.36 
1.14 f 0.14 


0 Values are reported na mean 3 SD. b Mixture consisted of ground laboratory 
ration contnining 5% potsariurn oronate and 296 uric acid (wfw each). 


Accumulation to a plateau would be expected to occur with a zero-order 
administration process (19). The absorption of uric acid from the rat 
intestine, however, has been reported to  be first order (‘LO). Therefore, 
gastric emptying rather than intestinal absorption may be rate limiting. 
Reported data (16, 17) for untreated control animals trained by this 
techniqueare consistentwith a zero-order stomach emptying rate for the 
fint 10-12 hr following the daily feeding. This animal model will be used 
to test the efficacy of light and riboflavin in the reduction of serum uric 
acid. 
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Abstract  0 A rapid and accurate quantitative determination of 
cephacetrile in finished bulk and dosage forms is reported. The high- 
performance liquid chromatographic method is free of interference by 
acetyl hydrolysis products and synthesis by-products. The assay can be 
performed in about 15 min, affording <0.7% coefficients of variation 
within and between days. The chromatographic results are in good 
agreement with the microbiological assay requested by the “Code of 
Federal Regulations” for certification of cephacetrile sodium. 


Keyphrases D High-performance liquid chromatography-analysis, 
cephacetrile in various dosage forms 0 Cephacetrile-high-performance 
liquid chromatographic analysis in various dosage forms Antibacte- 
rials-cephacetrile, high-performance liquid chromatographic analysis 
in various dosage forms 


Cephacetrile (I) sodium [7-cyanoacetamido-3-acetox- 
ymethyl-3-cephem-4-carboxylic acid, sodium salt] is a new 
cephalosporin antibacterial for parenteral use (1). The 
approved methods of analysis for certification are the 
microbiological agar diffusion assay and the hydroxyl- 
amine colorimetric assay (2). 


This report outlines a more selective, rapid, and accurate 
method for the quantitative determination of cephacetrile 


in bulk drugs and pharmaceutical formulations using 
high-performance liquid chromatography (HPLC). The 
method is free of interference by acetyl hydrolysis products 
and synthesis by-products. Furthermore, the desacetyl 
derivative (11) of cephacetrile and lactone (111) can be de- 
tected accurately up to 0.1%. 


EXPERIMENTAL 


Materials-Cephacetrile FDA reference standard (microbiological 
potency of 885 pg/mg, lot 9/72) was used as received. Desacetyl derivative 
(11) of cephacetrile was prepared by enzymatic hydrolysis with acetyl 
esterase (3), while lactone (111) was synthesized by reacting tritluoroacetic 
acid with cephacetrile. Cephalosporins (IVa and IVb) were obtained by 
reaction of V with the proper acid chloride in acetone in the presence of 
urea (4). while IVc was prepared by reaction of methanesulfonyl chloride 
with the silyl derivative of V in dichloroethane (Scheme I). Cefazolin was 
Pierrel working standard. Methanol’, acetic acid2, and 1 N NaOH2 were 
analytical reagent grade. 


Apparatus-A liquid chromatograph3, equipped with a 20-4  valve 


E. Merck, Darrnstndt. West Germany. * C. Erha, Milan, Italy. 
3 Model 1084 A, Hewlett-Packard. Boblingen. West Germany 
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Figure I-High-performance liquid chromatogram of an artificial 
mixture of cephalosporins (I-IV). Key: I, I I ; 2 .  I I I ; 3 ,  IVc; 4, I; 5 .  IVa; 
6, cefazolin; and 7, IVb. 


and loop injector4 and a fixed-wavelength UV detector (254 nm), was 
used. The prepacked5 stainless steel column (25 X 0.45 cm i.d.) was op- 
erated at 40' a t  a flow rate of 2 ml/min. 


Mobile Phase-An acetic acid-sodium acetate pH 4.2 buffer (0.01 
ionic strength) and methanol were used as the mobile phase. The elution 
(5% of methanol) was isocratic for 5 min; then a linear gradient was pro- 
grammed, reaching 30% of methanol in 7 min. 


Standard Solutions-Internal Standard Solution-Approximately 
25 mg of cefazolin was weighed accurately in a 50-ml volumetric flask and 
dissolved and diluted to volume with the pH 4.2 buffer. 


Cephacetrile Standard Solution-Approximately 15 mg of the ref- 
erence standard was weighed accurately in a 25-ml volumetric flaek and 
dissolved and diluted to volume with the pH 4.2 buffer. Fresh standard 
solutions were prepared daily. 


Standard Calibration Solution-Five standard calibration solutions 
were prepared daily by adding 1,2,3,4, and 5 ml of cephacetrile standard 
solution and 3 ml of internal standard solution to five 10-ml volumetric 
flasks and then diluting to volume with the pH 4.2 buffer. 


Sample AnalysegApproximately 15 mg of cephacetrile samples was 
accurately weighed in a 25-ml volumetric flask, dissolved with the pH 
4.2 buffer, and diluted to volume. A 5.0-ml aliquot was pipetted into a 


4 Model 7120, Rheodyne, Berkeley, Calif. 
Lichrosorb RPB, 10 pm, Brownlee Laboratories, Berkeley, Calif. 


Table I-Same-Day Reproducibility of HPLC Cephacetri le 
Sodium Assay 


Cephacetrile, % puritya 
SamDIe k u n  I R u n 2  R u n 3  Mean CV. % 


85.77 0.13 
84.97 0.38 


1 85.8 85.7 85.8 
2 85.2 84.6 85.1 
3 76.1 77.0 76.4 76.5 0.6 
4 77.2 77.7 77.5 77.47 0.32 
5 78.5 78.6 78.1 78.4 0.33 


Pooled standard error = 0.3% 


1 
2 
3 
4 
5 


Pooled 


85.4 
87.1 
77.7 
79.8 
79.7 


standard error 


86.0 
86.9 
77.4 
79.3 
79.9 


= 0.34% 


DayZ 


1 85.5 85.2 
2 87.5 87.6 
3 75.7 76.1 
4 80.1 79.8 
5 80.3 80.3 5 80.3 80.3 


85.7 0.5 
87.0 0.16 
77.55 0.27 
79.55 0.44 
79.8 0.18 


85.35 0.25 
87.55 0.08 
75.9 0.37 
79.95 0.27 
80.3 0 


Pooled standard error = 0.23% 
a Calrulated as free acid (molecular weight 339.3). 


10-ml volumetric flask together with 3.0 ml of the internal standard so- 
lution and diluted to volume. Aliquots (20 PI) of the solution were injected 
onto the chromatograph. 


RESULTS AND DISCUSSION 


Synthesis-Cephacetrile is synthesized (Scheme 1) by reaction of 
7-amino-3-acetoxymethyl-3-cephem-4-carboxylic acid (V) with mixed 
anhydrides (VIa-VIc) of cyanoacetic acid, both carboxylic (3) and sul- 
fonic6. Crude cephacetrile is accompanied by variable amounts of by- 
products (IV), as shown by TLC. Moreover, I1 and 111, arising from I 
through the acid hydrolysis removal of the acetyl group, can be formed 
during the workup of the reaction mixture and, therefore, be present in 
the finished product after a long storage. The described HPLC method 
is a rapid and accurate tool for isolating and measuring cephacetrile. 


Evaluation of Chromatographic Systems-Reversed-phase chro- 
matography was chosen because of the stability of the resins over time 
and a wide pH range, easy preparation, and low cost of mobile phases. 
The retention times of products (I-IV) can be changed by varying the 
amount and type of the organic modifier and the buffer pH. With 
cephacetrileaethereferencepeak,ataconstantconcentrationof theorganic 
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6 Unpublished data. 
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F i g u r e  2-High-perforrnancr liquid chromalogram of a crphacetrile 
sample containing 11 a n d  I l l .  


solvent. I l l  was rapidly eluted while the retention time of IVa was in- 
creased by lowering the pH from 7.2 phosphate buffer to 4.2 acetate 
buffer. The  elution of IV(, was not affvcted by changing the pH and type 
o l  the  organic modifier, while I\‘b was eluted only 1,y using a proper 
gradient. Methanol allowed a better partition between the components 
than acetonitrile. Cefazolin was selected as the internal standard hecause 
of its efficient separation Irom I-IV. 


Figure 1 shows a chromatogram ot an artificial mixture of cephalo- 
sporins I-IV and cefazoliii. The  peaks o f t h e  compounds were well re- 


T a b l e  11-Comparison of Analysis  by H P L C  a n d  Off ic ia l  
Methods  for Cer t i f ica t ion  a of  C e p h a c e t r i l e  S o d i u m  
~ 


Percent Purity (Acid) 
Microbiological‘ Hydroxylamine‘ Perchloric AcidC 


Samale HPI.Ch Method Method Method 


A 85.6 82.5 
B 85.3 87.3 
c 87.0 85.7 


86.3 86.1 


70.<5 73 


91.9 89.6 
94.7 89.6 
92.2 91.6 
90.8 89.1 
88.9 


88.5 
87.4 


92.7 


71.2 


90.9 
91.3 
90.9 
90.3 
80.8 


Ld 70.9 72.5 78.2 83.5 
Md 76.6 80.4 87.7 94.3 
Average 80.48 81.3 87.6 89.3 


~ 


‘’ Reference 2. * Mean of three determinations. 
d Lyophilized salts c m t a i n i n g  10% mannilol (w/w) 


solved in less than IS min. Figure 2 shows a typical chromatogram of‘ a 
rephacetrile sample containing desacetyl (11) and lactone (111)  impuri- 
ties. 


Reproducibi l i ty  a n d  Accuracy-The calibration curve was linear 
in the  range of cephacetrile content examined [correlation coefficient (5) 
o f  0 999931 T h e  within-day standard error was less than 0.4% (Table I )  
T h e  pooled s tandard error from different days was less than 0.5% 


Specificity-As shown in Fig. 1, the hydrolysis products (I1 and 111) 
and the potential impurities (1Va-IVc)  cannot interfere with the quan-  
titative HPLC determination of cephacetrile. While the desacetyl de- 
rivatives and lactones d o  not interfere with the  Hacilfub subfiiia assay 
of cephalosporins. i f  present in a quantity lower than 15% (6), they du 
interfere with t h e  colorimetric hydroxylamine assay mandated by the  
“Code i d  Federal Hegrilations ’* A comparison o f  the  analyses of 1 by 
HPLC. the microbiological determination, the  hydroxylamine colori- 
metric method, and the perchlorir acid titration is given in Table  11. 
Sdmples were selected from freshly crystallized salts (Samples A-D), aged 
salts (E-H), and sterile lyophilized forms (I-M) to show the dependability 
(if I he HPLC analysis. The  deviation between the HPLC method and the 
iiii~.rc,biolo~ic.al determination was less than 1%. T h e  other tn’o official 
iissavs were less accurate. 


Mean of tuu determinatiuns 
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Abstract A procedure was developed for the quantitative determi 
nation of loosely bound water in aluminum chlorohydrate and the water 
content in denture cleanser effervescent tablets. The basic method in- 
volves extracting the water from the sample into dioxane followed by 
titration of the dioxane in methanol with Karl Fischer reagent. Matrix 
ingredients did not interfere. 


Keyphrases Aluminum chlorohydrate-water content analyzed by 
Karl Fischer titration Water content-aluminum chlorohydrate, Karl 
Fischer titration 0 Karl Fischer titration-water content of aluminum 
chlorohydrate analyzed Astringents-aluminum chlorohydrate, water 
content analyzed by Karl Fischer titration 


Aluminum chlorohydrate adsorbs free water depending 
on the surrounding humidity. In dry powder aerosol for- 
mulations containing aluminum chlorohydrate, free water 
can affect product performance. Similarly, in effervescent 
tablets in sealed packages, water may cause unwanted 
reactions that can alter the seal integrity or the product 
itself. 


Thermogravimetric analysis and differential scanning 
calorimetry were used to show the presence of loosely 
bound water and hydrated water in aluminum chlorohy- 
drate (1). Although free water can be determined by an 
electrometric approach (l), the method requires a con- 
ductivity apparatus, highly purified water, and a standard 
curve. Moisture in effervescent tablets may be determined 
by drying over a desiccant, but this procedure is time 
consuming and the potential for error is increased due to 
volatile components. 


This paper reports the use of the Karl Fischer technique 
to determine loosely bound water (free water) in aluminum 
chlorohydrate and water in denture cleanser effervescent 
tablets without interference from the matrix ingredi- 
ents. 


EXPERIMENTAL 


Analysis of Water  in Effervescent Tablets-Reagents-Karl 
Fischer reagent’, the diluent for Karl Fischer reagent2, and p-dioxane? 
were used as received. Diluted Karl Fischer reagent was prepared by 
diluting SO ml of Karl Fischer reagent’ to 250 ml with the diluent for Karl 
Fischer reagent2. A water standard was prepared by weighing 0.06 g of 


I Catalog No. SO-K-3, Fisher Scientific Co., Fair Lawn, N.J. 
Catalog No. SO-K-5, Fisher Scientific Co., Fair Lawn, N.J. 
J .  T. Baker Chemical Co., Phillipshurg, N.J. 


purified water into a preweighed 50-ml volumetric flask. The flask was 
diluted to the mark with dioxane3, which usually contains less than 
0.005% water. 


Apparatus-Karl Fischer titrations were performed with an automatic 
titrator4. A wrist-action shakers was used a t  its maximum setting. 
Commercidy available 50-ml glass-stoppered centrifuge tubes were dried 
in an oven at 105’. 


Standardization Procedure-Add 100 ml of methanol to a dry titration 
vessel and titrate with Karl Fischer reagent to the electrometric end- 
point. Accurately measure the volume of Karl Fischer reagent required 
to titrate 100 ml of methanol, remove the reagent from the buret, and 
substitute with diluted Karl Fischer reagent. Discard the titrated 
methanol and replace it with a fresh 100 ml of methanol. T o  the fresh 
methanol, add from a Mohr pipet approximately 0.5 ml less Karl Fischer 
reagent than the amount required to reach the end-point. Complete the 
titration using the diluted reagent to the electrometric end-point. 


Pipet 10.0 ml of dioxane into the methanolic solution just titrated. 
Titrate with the diluted Karl Fischer reagent to the electrometric end- 
point. Record the volume of diluted Karl Fischer reagent used to titrate 
this system. This sample represents the dioxane reagent blank. 


Pipet accurately 10.0 ml of water standard directly into the same ti- 
tration vessel and titrate with diluted Karl Fischer reagent to the elec- 
trometric end-point. Record the volume of diluted Karl Fischer reagent 
used. 


Sample Preparation-Weigh together, to the nearest 10 mg, five 
tablets that have been crushed within their individual sealed packets (to 
avoid moisture adsorption from the environment6) and empty them into 
a dry 50-mI centrifuge tube. Reweigh the empty packets and calculate 
the sample weight by difference. 


Pipet accurately 25.0 ml of dioxane into the centrifuge tube and shake 
on a wrist-action shaker for 15 min. Centrifuge the tube for 5 min. 


Procedure-Pipet carefully (without disturbing the insoluble material) 
10.0 ml of the dioxane solution into the Karl Fischer titration vessel 
containing 100 m! of methanol titrated with diluted Karl Fischer reagent 
to the electrometric end-point. Titrate this sample solution to the elec- 
trometric end-point. Record the volume of titrant used. Additional 
samples can be analyzed by pipetting 10.0 ml of the dioxane solution from 
another sample into the sample solution just titrated and titrating with 
the diluted Karl Fischer reagent to the electrometric end-point. Record 
the volume of titrant used. 


Four samples can be analyzed concurrently in the same titrated system. 
If there is a few minutes of delay between sample analysis, one should 
titrate the methanolic solution before the next sample is added because 
of the possibility of moisture entering the titrated system (this titration 
value need not be recorded). 


Calculations-The following equations were used: 
W T=- 


( V - D )  
(Eq. 1) 


4 Precision Auto-Aquatrator, Precision Scientific Co., Chicago, Ill. 
6 Burrell Cor Pittsburgh, Pa. 
6 Crushing tabeta expmed to the atmosphere produces erroneously high results 


because of water adsorption from the environment. 
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Table I-Recovery of Water  from Effervescent Tablets 


Sample Aa B C D E Recovered, % 
Water 


1 9.45 5.67 11.48 17.15 17.62 102.7 
2 7.93 4.76 11.48 16.24 16.91 104.1 
3 12.30 7.40 11.48 18.88 19.17 101.5 


0 A = milligrams of water left in the original tablets before spiking (determined 
from a 10-ml aliquot for analysis from a total of 25 ml of dioxane). B = milligrams 
of water left in the remaining 15 ml of dioxane after a 10-ml aliquot was taken for 
analysis. C = milligrams of water spiked into B. D = total milligrams of water from 
B + C. E = milligrams of water found in spiked Sample D. 


where T is the titer of diluted Karl Fischer reagent (milligrams of water 
per milliliter of diluted Karl Fischer reagent), W is the milligrams of water 
in the 10-ml aliquot used for standardization, V is the milliliters of diluted 
Karl Fischer reagent used to titrate the standard water, and D is the 
volume of diluted Karl Fischer reagent used to titrate the dioxane 
(blank). 


The percent water found in the sample ( P )  was calculated using: 


( K  - D) X T X 2.5 
S 


P =  (Eq. 2) 


where K is the milliliters of diluted Karl Fischer reagent used to titrate 
the sample, D is the volume of diluted Karl Fischer reagent used to titrate 
the dioxane blank, T is the titer of diluted Karl Fischer reagent, S is the 
sample weight (milligrams), and 2.5 is the aliquot factor. 


Analysis of Loosely Bound Water  in Aluminum Chlorohy- 
drate-Reagents and Apparatus-The reagents and apparatus required 
are the same as those descrihed for the analysis of effervescent tablets 
except that the Karl Fischer reagent is not diluted and the standardiza- 
tion is simplified. 


Standardization Procedure-To 100 ml of methanol titrated with Karl 
Fischer reagent, add 10.0 ml of dioxane and titrate to the electrometric 
end-point. Record this volume (blank). Accurately weigh, to the nearest 
0.1 mg, about 120 mg of purified water directly into the titration vessel 
and titrate with Karl Fischer reagent to the electrometric end-point. 
Record the volume. 


Sample Preparation-Weigh accurately and quickly, to the nearest 
milligram, about 10.0 g of aluminum chlorohydrate into a dry 50-ml 
centrifuge tube. Pipet accurately 25.0 ml of dioxane into the centrifuge 
tube; shake on a wrist-action shaker for 0.5 hr. Centrifuge the tube for 
5 min. 


Procedure-Pipet carefully (without disturbing the aluminum chlo- 
rohydrate) 10.0 ml of the dioxane solution into the Karl Fischer titration 
vessel containing 100 ml of methanol titrated with Karl Fischer reagent 
to the electrometric end-point. Titrate the resulting sample solution to 
the electrometric end-point. Record the volume of titrant used for the 
titration. 


Several sample solutions can be titrated concurrently in the same ti- 
trated solution. 


Calculations-Water content can be calculated using the same basic 
format employed for the effervescent tablet calculations. 


Recovery Study-A recovery study was performed on denture 
cleanser effervescent tablets to determine if water could be recovered a t  
the desired level (less than 0.1%) and if any ingredient in the matrix in- 
terfered in the analysis. Tablets first were analyzed for their water content 
according to the procedure previously described. T o  the remaining ex- 
tracted tablets and 15 ml of dioxane (still in the centrifuge tube), a known 
amount of water (in dioxane) was added. The tablets were extracted once 
again, and the water content was determined as before. 


Recovery data were calculated after determining the amount of water 
in the original tablets before spiking, the amount of water left in the re- 
maining dioxane after an aliquot was taken for analysis, and the amount 
of water added to the sample. 


RESULTS AND DISCUSSION 


Since only the free water content in aluminum chlorohydrate was of 
interest, and not its water of hydration, the method had to differentiate 
between the different types of water. Likewise, the procedure had to 
determine the water in effervescent denture cleanser tablets without 
interference from other ingredients in the formulation. Analytical 
techniques involving GLC, distillation, spectroscopy, oven drying, and 
other methods were also considered for the analysis of water, but the 
speed, specificity, simplicity, and adaptability of the Karl Fischer tech- 
nique to the variety of samples tested made it the first choice. 


Dioxane was selected (1-5) as the extractant because aluminum 
chlorohydrate is insoluble in dioxane and it extracts only the loosely 
bound water from the insoluble aluminum chlorohydrate and not the 
water of hydration. Likewise, dioxane extracts only the free water in 
denture cleanser effervescent tablets, leaving behind the interfering in- 
soluble sodium bicarbonate and other potential interfering ingredients. 
Under ordinary circumstances, Karl Fischer reagent reacts with sodium 
bicarbonate (5) and also appears to titrate all of the water in aluminum 
chlorohydrate, which can amount to 25%. Sodium bicarbonate does not 
interfere since it is rendered insoluble in dioxane and is removed before 
titrating the dioxane solution. 


Although it was reported that the Karl Fischer method was not suc- 
cessful (1) because of the reactivity of aluminum chlorohydrate to Karl 
Fischer reagent, the dioxane extraction technique eliminates this prob- 
lem. However, alcohol is necessary in the titration vessel, because titrating 
dioxane alone gives a premature end-point. 


The recovery data of water in effervescent tablets are shown in Table 
I. At least 500 analyses were performed on denture cleanser effervescent 
tablets using this modified Karl Fischer procedure. 


Experimental tablets as well as commercially available denture cleanser 
tablets were found to contain between 0.02 and 0.1% water. Samples of 
aluminum chlorohydrate also were analyzed for loosely bound water. The 
results obtained agreed well with samples supplied (1) with known levels 
of loosely bound water at the 0.5 and 2.0% level. 


The foregoing methods, although somewhat different, both contain 
the same basic dioxane extraction technique followed by the Karl Fischer 
titration. The concept and simplicity of this approach can be adapted 
to other similar matrixes. This procedure, with some modification, was 
applied successfully to aerosol formulations containing sodium bicar- 
bonate or aluminum chlorohydrate. The basic technique is to expel a 
known amount of sample through a plastic tube leading from the actuator 
directly into dioxbne. The propellant is evaporated above room tem- 
perature, and the water analysis is conducted as previously described. 
This technique determines the total available free water within the 
aerosol product. 


This dioxane extraction-titration technique is simple and rapid and 
should be applicable to a wide variety of products that  formerly could 
not be analyzed by the basic Karl Fischer titration procedure. 
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Abstract 0 Croton lechleri I,. (Euphorbiaceae), a plant from the Upper 
Amazon Valley of Peru, yielded the alkaloid taspine. The anti-inflam- 
matory activity of taspine hydrochloride was studied using the carra- 
geenan-induced pedal edema method, the cotton pellet-induced granu- 
loma method, and the adjuvant polyarthritis model. 


Keyphrases Taspine-isolated from Croton lechleri bark, evaluated 
for anti-inflammatory activity in rats 0 Croton lechleri bark-taspine 
isolated, evaluated for anti-inflammatory activity in rats 0 Anti-in- 
flammatory activity--taspine isolated from Croton lechleri bark, eval- 
uated in rats 


Croton lechleri L. (Euphorbiaceae)', commonly called 
Sangre de grado, is a tree of the upper Amazon Valley of 
Peru. The bark, when slashed, produces a red viscous sap. 
Sangre de grado sap is used by the Peruvian Indians for 
several medicinal purposes, including rheumatism. Tas- 
pine (I) was isolated from the sap, and its hydrochloride 
salt was shown to elicit anti-inflammatory activity2 in three 
different standard pharmacological models. Taspine 
previously was isolated from Leontice euersrnanii Bge. 
(Rerberidaceae) of Central Asia, Iran, and Afghanistan 
(1). 


EXPERIMENTAL3 


Isolation of Taspine-A sample (250 ml) of red viscous exudate (sap), 
obtained by slashing the bark of mature trees of C .  lechleri, was diluted 
with distilled water and made alkaline with 28% NH40H. This sample 
was extracted with chloroform (4 X 1 liter). The chloroform layers were 
combined, reduced in uacuo to -1000 ml, filtered, and refrigerated. An 
amorphous yellow compound formed, which was removed by filtration 
and dried. 


1 Voucher specimens were identified by Dr. John Wurdack. Smithsnnian Insti- 
lulion, and are deposited in the Smithsonian Institution, Washington, D.C. 


:' Elemental analysis was pertnrmed hy Geller Laboratories, Saddle River, N.J. 
Melting points were taken on a Mel-Temp apparatus and are uncnrrected. UV 
sprctra were recurtied nn a Heckman model DK2 spectrophotometer. Mass spectra 
weir recorded with an LKN-9000 spectrophotometer. NMR spectra were recorded 
o n  a Varian mndel T-60 instrument. 


1l.S. pat. 3.694357, granted to Amazon Natural Drug Co. 


Following TLC of this material on plates of aluminum oxide G4, eluted 
with 1-butanol-acetic acid-water (4:l:l). and spraying of the dried 
chromatograms with Dragendorffs reagent, a single spot a t  R/ 0.77 was 
observed. This material was crystallized from hot methanol to yield 
taspine on chilling. This crystalline compound also showed a single 
Dragendorff-positive spot on TLC a t  RI 0.77. 


Identification of Taspine-Recrystallization from methanol afforded 
an analytical sample of taspine base, mp 370' dec. and [(v]L4 t7.6' (c 0.64, 
pyridine), in agreement with those constants reported (2) for taspine. 


Anal.-Calc. for C ~ ~ H ~ Y N O ~ :  C, 65.03; H, 5.18; N, 3.79; 0,25.99; OCHa, 
16.80. Found: C, 65.16; H, 5.29; N, 3.77; 0, 26.72; OCHs, 17.18. 


The elemental analysis was consistent for taspine and was supported 
by mass spectral data, which showed a molecular weight o f  369. The 
compound exhibited a UV spectrum with absorption maxima a t  
348 (t 3800), 333 (3100), 285 (4200), and 245 (25,800) nm, which is typical 
for a substituted ellagic acid and consistent with that reported previously 
(3). 


An NMR spectrum of the alkaloid base was also consistent with taspine 
and that reported previously (3). I t  revealed the presence of two methoxy 
groups, as evidenced by a singlet a t  d 4.15 ppm (six protons), two N- 
methyl groups occurring as a singlet a t  6 2.46 ppm (six protons), and four 
hridged methylene protons present as complex multiplets at d 2.56-2.8s 
ppm (two protons) and 6 3.42-3.72 ppm (two protons). The three aromatic 
protons were shown as a singlet for the lone aromatic proton at  d 7.2 ppm, 
and the signals for the two adjacent aromatic protons appeared as dou- 
blets a t  d 7.35 ( J  = 15 Hz) and 8.25 (J  = 15 Hz) ppm. 


Preparat ion of Taspine Hydrochloride-Hydrogen chloride gas 
was passed through a chloroform solution of alkaloid base until maximal 
precipitation occurred. The crude alkaloid hydrochloride was refrigerated 
for 24 hr and then removed by filtration, washed with chloroform, re- 
suspended in chloroform, and filtered. The solid product was dried in 
uacuo a t  100O for 24 hr. The procedure was repeated until the filtrate was 
colorless. 


Carrageenan-Induced Pedal Edema Method-A modification of 
the procedure of Winter et a/ .  (4) was used to evaluate the acute anti- 
inflammatory potency of taspine hydrochloride. Male Wistar rats 
(150-200 g) in groups of eight were treated by stomach tube with taspine 
hydrochloride or phenylbutazone as a suspension in 0.25% agar a t  the 
doses shown in Table I. One hour later, 0.1 ml of a 1% susprnsion of car- 
rageenan5 in 0.9% sodium chloride was injected into the plantar apo- 
neurosis of the right hindpaw. The volume of the injected paw was re- 
corded immediately (zero-time value) by immersion in mercury to a 
premarked ankle level, and pressure changes were recorded by means 
of a modified plethysmograph connected to a two-channel polygraph6. 
This system was precalibrated to record milliliters of volume displace- 
ment. 


Paw volume measurements were repeated a t  3 hr. Significant differ- 
ences (p < 0.05) between control and drug treatments were determined 
by a one-way analysis of variance for equal replication. The EDSO and 
confidence limits were determined on the combined data from four ex- 
periments by the method of Litchfield and Wilcoxon (5). 


Cotton Pellet-Induced Granuloma Method---The method of Winter 
et al. (6) was used to test for granuloma inhihition. Male Wistar rats 
(150-200 g) were used in groups of eight animals per dose. Cotton pellets 
were made by cutting cotton dental rolls' into 5-mm sections and adding 
an aqueous solution of ampicillin (to prevent bacterial ahscess). The 
pellets were dried in a desiccator and weighed individually. Two pellets 


Woelm, Alupharm Chemicals, New Orleans, La. 


Hewlett-Jackard. 
r, Algin Cor oration of America. 


' Johnson & .Johnson No. 1. 
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Table I-Antiedema Activity of Taspine Hydrochloride 


Mean Increasf! 
Dose, in Paw Volume, Percent of 


Assaya Compound mg/kg m l i S E b  Control 


1.40 f 0.12 100 
A ;e;Br en y lbutazone 250 0.71 i 0.05 51 


Taspine hydrochloride 50 0.58 f 0.06 41 
Taspine hydrochloride 125 0.78 i 0.08 56 
Taspine hydrochloride 250 0.67 i 0.09 48 


B A ar 1.16 f 0.12 100 


Taspine hydrochloride 50 0.71 f 0.11 61 
Taspine hydrochloride 125 0.53 f 0.06 45 
Taspine hydrochloride 250 0.39 f 0.07 34 


C Agar 1.08 f 0.12 100 


P t  en ylbutazone 200 0.50 f 0.07 43 


Phenyl butazone 200 0.43 f 0.08 40 
Taspine hydrochloride 10 0.45 f 0.08 42 
Taspine hydrochloride 50 0.43 f 0.04 40 
Taspine hydrochloride 50 0.43 f 0.04 40 
Taspine hydrochloride 125 0.33 f 0.06 31 
Taspine hydrochloride 250 0.22 f 0.05 20 


1.18 f 0.06 100 


Taspine hydrochloride 50 0.70 f 0.04 59 
Taspine hydrochloride 125 0.50 f 0.06 42 
Taspine hydrochloride 250 0.40 f 0.05 34 


i%Y enylbutazone 200 0.55 f 0.07 47 


0 h y  medures are as indicated in the text. All treated groups were s i p  
nificantly Sifferent from agar rontrols (< 0.05) in a11 four assays. 


‘ t b  g 2.0-  
a -  


5 -  
g 1.0- 


2 -  


u 5 1.5- 


$ 0.6- 


were implanted subcutaneously, under ether anesthesia. one on each side 
of the animal. After the wounds were autoclipped. the animals were al- 
lowed to recover from anesthesia and were dosed with agar suspension, 
taspine hydrochloride (20 mg/kg), or indomethacin (0.5 or 1.0 mg/kg). 


Daily dosing was continued for 6 days. The animals were sacrificed 1 
day later; the pellets, together with the adherent granuloma, were care- 
fully dissected from surrounding tissue, and the dry weight was obtained. 
An increased weight of pellet served as a measure of granulomatous in- 
flammatory response. Testa for significant differences between treatment 
groups were calculated according to the Student t and F tests (7). 


Adjuvant Polyarthritis-The anti-inflammatory activity of taspine 
hydrochloride was compared with that of indomethacin in the adju- 
vant-induced arthritic rat model by a procedure similar to that  of Ward 
and Cloud (8). Male Fischer rats (150-200 g), in treatment groups of eight 
animals, were dosed daily for 20 days with an agar suspension of taspine 
hydrochloride (20 mg/kg/day), indomethacin (1 mg/kg/day), or agar 
vehicle. On the 3rd day of dosing, 0.1 ml of Mycobacterium butyricum 
(adjuvant) suspension (5 mg/ml of light petrolatum) was injected into 
the plantar aponeurosis of the right hindpaw. 


Paw volume measurements were performed immediately after adju- 
vant injection (Day 0) and a t  3,6,9,12,15, and 18 days by the procedure 
described for carrageenan pedal edema. The t and F tests for significant 
differences ( p  < 0.05) between agar and drug treatment groups were 
performed on the data obtained on Day 18. 


Lethal Potency-The LDm of taspine hydrochloride was determined 
in male Wistar rats for both a single oral dose and seven daily doses. In 
the single-dose study, taspine hydrochloride was dissolved in saline and 


ss 2 3 6 9 12 16 18 


DAYS AFTER ADJUVANT INJECTION 


Figure I-Adjuvant-induced polyarthritic assay. Treatments were 
administered from Day -2 to 18. Values are means f SE for groups of 
eight rats. Key: 0,  agar: A 8  indomethacin (1 mglml); and 0, taspine 
hydrochloride (20 mglkg):). 


Table 11-Antigranulation Effect of Taspine Hydrochloride .- 


Assaya Compound 


A Agar 


B Agar 


Indomethacin 
Taspine hydrochloride 


Indomethacin 
Tasoine hydrochloride 


Average Weight Inhibi- 
Dose, of Granulation tion, 
mg/kg Tissue, mg f SEb % 


0.25% 1 4 4 i  14 15 
0.5 122 f 7 34 


20 95 f 1 1 c  
0.25% 1 6 0 f 4  
1 132 f 5c 17 


20 136 f 8c 15 


a Assay rocedures are a8 indicated in text. The weight of two dried granulo- 
matous peleta per animal removed 1 day after last treatment minus the weight of 
the original dried pellets. Significantly different from vehicle control ( p  < 
0.05). 


administered by gavage tube to groups of 10 rats at doses of 0,450,500, 
and 600 mg/kg. In the seven-dose study, groups of six rats were dosed a t  
0,50,100,200, and 300 mg/kg. Animals were weighed daily for 7 days after 
the last dose, and their appearance was noted. Dead animals were au- 
topsied, and the presence of gross lesions was noted. The LDm values and 
their 95% confidence limits were calculated by the method of Litchfield 
and Wilcoxon (5). 


RESULTS A N D  DISCUSSION 


Taspine was isolated from the red viscous exudate of C. Zechleri. Its 
structure was determined by UV, NMR, and mass spectrometry, ele- 
mental analysis, and melting-point determinations. The hydrochloride 
salt of taspine possessed anti-inflammatory activity. 


When administered orally, 1 hr  prior to the injection of carrageenan, 
taspine hydrochloride induced a dose-related inhibition of paw swelling 
measured at 3 hr  (Table I). A dose-response relationship was evident in 
three of four assays (B-D). The oral ED= value calculated for taspine 
hydrochloride with the combined data of the four assays was 58 mg/kg, 
.elthough the dae-response curve was relatively shallow. For comparison, 
phenylbutazone a t  200-250 mg/kg inhibited the edematous response by 
approximately 50%. Thus, in the carrageenan-induced pedal edema 
method, taspine hydrochloride appeared to be three to four times more 
potent than phenylbutazone. 


In two duplicate assays, taspine hydrochloride (20 mg/kg) inhibited 
granuloma formation significantly over 1 week (Table 11). Indomethacin 
(1 mg/kg) caused a similar degree of granuloma response inhibition (Assay 
B). 


Figure 1 shows the effects of oral taspine hydrochloride (20 mg/kg/day) 
and indomethacin (1 mg/kg/day) on the increased paw volume response 
to a single injection of adjuvant. Both the immediate (Day 3) and sus- 
tained (Days 3-18) increases in paw volume were reduced significantly 
from those of agar controls by both indomethacin and taspine hydro- 
chloride. There was no significant difference in the body weight gain 
between treatment groups throughout the dosing period. 


The oral lethal potencies (LDso) of taspine hydrochloride in male 
Wistar rats were 518 mg/kg (434-537,95% confidence limits) for a single 
dose and 100 mg/kg (55-145) for seven daily doses. In the multiple-dose 
study, diarrhea and weight loss were observed for 2-3 days prior to death. 
Death occurred on the 7th day in the 100-mg/kg group and on the 5th-7th 
days in the 200-300-mghg groups. A crusted blood-tinged nasal discharge 
was often noted on the day preceding death, and autopsied animals had 
marked congestion of the lungs. 


These results demonstrate that  taspine hydrochloride has significant 
anti-inflammatory activity in three standard pharmacological assays at 
dosage levels considerably below those producing lethal effects in rats. 
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CO MMUNICA T I 0  NS 


Errors in Chlorothiazide Bioavailability 
Estimates Based on a 
Bratton-Marshall Colorimetric 
Method for Chlorothiazide in Urine 
~~~~~ ~~~~ ~ ~ 


Keyphrasw o Chlorothiazide-bioavailability in dogs, colorimetric and 
high-pressure liquid chromatographic analyses compared Bioavail- 
ability-chlorothiazide in dogs, colorimetric and high-pressure liquid 
chromatographic analyses compared Colorimetry-analysis, chlo- 
rothiazide in urine, bioavailability estimates compared to high-pressure 
liquid chromatographic analysis in dogs 0 High-pressure liquid chro- 
matography-analysis, chlorothiazide in urine, bioavailability estimates 
compared to colorimetric analysis in dogs Diuretics-chlorothiazide, 
bioavailability in dogs, colorimetric and high-pressure liquid chroma- 
tographic analyses compared 


To the Editor: 
Chlorothiazide (6-chloro-2H-1,2,4-benzothiadiazine- 


7-sulfonamide 1,l-dioxide) is a weakly acidic (pKa1 = 6.7 
and pKa2 = 9.5) and poorly absorbed (1,2) diuretic used 
in the treatment of hypertension, congestive heart failure, 
and other edematous conditions in humans and dogs. The 
pharmacokinetics of chlorothiazide in both species are not 
well characterized, and the potential use of the dog as an 
animal model in comparative bioavailability studies on 
various commercial chlorothiazide tablet and aqueous 
suspension products remains unexplored. 


Based on comparisons of urinary excretion data ob- 
tained with a high-pressure liquid chromatographic 
(HPLC) method (3, 4) and several Bratton-Marshall- 
based colorimetric methods (2,5,6) for chlorothiazide in 
urine, the Food and Drug Administration tentatively 
concluded that the appreciable intersubject variation in 
chlorothiazide tablet bioavailability observed in human 
studies employing a colorimetric method of analysis was 
due, in part, to variable assay interference by urine con- 
stituents (3,4). During oral and intravenous studies on the 
effect of dose on the pharmacokinetics of chlorothiazide 
absorption and disposition’, we assessed whether chlo- 
rothiazide bioavailability estimates in male mongrel dogs 
were also a function of the assay used to determine un- 
changed chlorothiazide in urine. This communication re- 
ports the results of these determinations. 


In two complete crossover studies, four fasting male 
mongrel dogs received 125-750 mg po2 and 250 mg iv? of 
chlorothiazide. Urine samples were collected at  prede- 


To he published. 


Dohme), purchased on the open market. 
Aqueous solution of the sodium salt. 


2 One-half, one, two, or three 250-mg Diuril tablets (lot V4092, Merck Sharp and 


termined intervals for 48-72 hr and assayed by both a 
slight modification’~4 of a specific HPLC method (7) and 
a modified Bratton-Marshall method purported to reduce 
assay interference by urine constituents (2). 


The original colorimetric method (2) was slightly mod- 
ified to allow for quantitative recovery and to eliminate 
turbidity in samples subjected to the Bratton-Marshall 
reaction for color development. Chlorothiazide was hy- 
drolyzed quantitatively to 6-amino-4-chlorobenzene- 
1,3-disulfonamide by heating a mixture of 1.0 ml of 3.75 
N NaOH and 5.0 ml of diluted urine (1:25 or 1:50), con- 
taining 6.25-37.5 pg of chlorothiazide, a t  100’ for 1 hr. The 
solution was cooled to room temperature and extracted 
three times with 4.0 ml of ethyl acetate. 


The combined ethyl acetate extracts were evaporated 
to dryness at 60-70’ under a gentle stream of nitrogen, and 
the residue was reconstituted with 0.5 ml of 0.5 N NaOH 
and 5.5 ml of distilled water. Then the solution was fil- 
tered5, and a 5.0-ml aliquot of the filtrate was acidified with 
1.0 ml of 6 N HCl and mixed with 0.5 ml of 0.1% sodium 
nitrite. After 3 min, 0.5 ml of 0.5% ammonium sulfamate 
was added, and the mixture was vortexed6. Five minutes 
later, 0.5 ml of 0.1% N-(1-naphthy1)ethylenediamine di- 
hydrochloride was added, and the reaction mixture was 
stored in the dark for 10 min to allow for maximum color 
development. 


The absorbance of the colored solution was measured7 
(within 2 hr of color development) a t  518 nm. The coeffi- 
cient of variation of the modified method, based on 10 
replicate determinations of a standard urine sample con- 
taining 60 pg of chlorothiazide/ml, was 7.6%. Twenty-four 
hour blank urine specimens subjected to this procedure 
yielded a mean “apparent chlorothiazide” excretion value 
(n = 4, fSD) of 0.63 f 0.2 mg or 0.037 f 0.01 mg/kg. 


Although there was an apparent linear relationship (Fig. 
1) between the cumulative urinary excretion values based 
on the HPLC and Bratton-Marshall assay results, only 
eight of 24 urinary excretion’ values determined by the 
colorimetric method were within f10% of the values de- 
termined by the specific HPLC method. The interanimal 
variability in chlorothiazide excretion was greater after oral 


~ 


4 The original HPLC method (7) was modified to include an ethyl acetate ex- 
traction step and sulfadiazine as the internal standard. An HPLC unit (model 204) 
was equipped with a pBondapak Cla reversed-phase column and a UV monitor 
(model 440) operated at 280 nm (Waters Associates, Milford, MA 017.57). The 
mobile phase was 10% acetonitrile in 0.01 M phosphoric acid at a constant flow of 
2.0 ml/min. The retention times for sulfadiazine and chlorothiazide were 5.61 and 
6.97 min, respectively. No interference b urine Constituents was observed. The 
coefficient of variation of the modified metlod. based on 10 reolicate determinations 
of a standard urine sample containing 60 pg of chlorothiazide/ml, was 1.2%. 


Bedford, MA 01730. 


N.J 07091. 


5 Swinnex-13 filter unit with 0.45-pm poresize filters (type HA), MilliporeCorp.. 


Vortex-Genie, Fisher Scientific Co., Rochester, NY 14624. 
Beckman DB-G spectrophotometer, Reckman Instruments. Mountainside, 
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Table XI-Stepwise Summary of Discriminant Analysis fo r  Number of Septic Episodes in Patients Who Survived 
Wilks Significance Change in Change Rao’s V in Significance 


Level 


0.87 0.002 0.13 7.37 7.37 0.007 1 
3 Onset of sepsis 0.70° 0.002 0.08 18.01 3.79 0.050 


Rao’s V Variable Lambda Level r2 Step 


2 %armacokinetics 0.78 0.002 0.09 14.22 6.86 0.009 


a x2 (3 df) = 15.35; p < 0.002. 


partially to apply a practical cost-benefit decision model that  could be 
used by the decision maker to determine the desirability of establishing 
and operating a clinical pharmacokinetics service within the hospital 
environment. Beginning with a considerable volume of theoretical, eco- 
nomic, and mathematical literature, this work set out to bridge the gap 
between the theoretical discussion of cost-benefit analysis and its 
practical application to evaluating clinical pharmacy services. 


Cost-benefit analysis proved to be a satisfactory technique in evalu- 
ating the use of clinical pharmacokinetics in the treatment of burn pa- 
tients. A major contribution of cost-benefit analysis was identifying the 
specific costs and benefits associated with the pharmacokinetics program. 
This step is important if one is ultimately interested in making the op- 
eration more efficient in terms of maximizing the cost-benefit ratio. 


The major conclusion to be made from this study is that  the pharma- 
cokinetics service evaluated may be beneficial not only to the burn patient 
who develops Gram-negative infections secondary to a third-degree burn 
wound but also to society. In other words, this study demonstrated that 
the ability of the pharmacist to provide services related to the application 
of pharmacokinetics in the treatment of burn wound infections may 
improve the quality, as well as the cost-benefit, of patient care as related 
to drug therapy. 


As stated by McLeod (3), the continued success of clinical pharmacy 
will be proportional to its contribution to patient care and public welfare. 
It appears that costbenefit analysis can be a mechanism to document 
successfully and accurately the contributions of the clinical pharma- 
cist. 


Table XII-Discriminant Analysis Coefficients for Number of 
Septic Episodes in Patients Who Survived 


Standardized Unstandardized 
Variable Coefficient Coefficient 


-0.99 -0.05 
%r macokinet ics 0.70 1.63 
Onset of sepsis -0.47 -0.05 
Constant 0.76 
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Abstract The influence of compliance measurement activities on 
patient behavior was studied. The project measured the relationship 
among physical capsule counts, patient interviews, and the amounts of 
excreted ampicillin. The capsule counts and patient interviews were 
conducted in a manner that disguised their intent. Sixty college-age pa- 
tients were assigned to one of three experimental groups: a telephone 
interview, a personal interview and capsule count, or a control group. 
Stimulation (interviews) occurred on the 2nd day of the prescribed reg- 
imen, and urine was collected on random days thereafter. Results indi- 


cated that both stimulation types were associated with more positive 
compliance rates. The influence diminished rapidly. The reactive in- 
fluence of experimentor intervention associated with personal and phone 
communication was demonstrated. 


Keyphrases n Compliance-effect of measurement activities on patient 
behavior 0 Dosage regimens-effect of compliance measurement ac- 
tivities on patient behavior 


Since 1954, when Jenkins (1) reported that the “average 
patient” consumed only about half of the total number of 
prescribed doses, members of the health community have 


responded with increased interest in the prevalence, as- 
sociated factors, and methods of improving medication 
compliance. Most published research studies regarding 
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Table I-Design of the Experiment 


Experimental Day of Regimen 
Group 2 3 4 5 6 7  


Table 11-Analysis of Variance (Two Factor, 5 X 3) 


Sum of Mean 
Source df Squares Square FValue PF 


S1” O b  
s 1  0 
s 1  0 
s1 0 
s 1  
s2c 0 


0 


Experimental 2 203817.78 101908.89 2.31 0.11 


Day of regimen 4 296935.84 74233.96 1.68 0.17 
Interaction 8 534769.27 66846.16 0.52 0.18 
Error 45 1983014.92 44067.00 
Corrected total 59 3018537.80 


group 


~~ 


s2 
s 2  
s 2  


0 
0 


0 
s2 0 
NSd 0 
NS 0 
NS 0 
NS 0 
NS 0 


4 S1 = patients suhjected to a telephone interview. * 0 = day on which patient 
provided urine sample. S2 = patients subjected to a personal interview and capsule 
count. NS = patients not subjected to either stimulus (control group). 


drug compliance utilized the basic measurement tech- 
niques of personal interviews, dosage unit counts, and body 
fluid analyses. 


Different measurement techniques were utilized jointly, 
but comparative results were often lacking (2,3). Experi- 
mentor intervention was unavoidable in many situations. 
The act of counting capsules or obtaining fluid samples in 
itself is stimulation. Unfortunately, a conscious effort to 
avoid experimental intervention has been undocumented 
in patient compliance literature or it has been little rec- 
ognized as a potential source of error. 


The objective of this project was to identify the influence 
of measurement activities on compliance behavior pat- 
terns. The assumption of noninfluence on patient be- 
havior in previous studies was evaluated. Two obtrusive 
measures of patient compliance, telephone interviews and 
physical capsule counts, and the amount of excreted am- 
picillin were studied. By isolating the effects of the ob- 
trusive stimulations from the dependent variable measure, 
the results validly described the influence of experimentor 
bias. 


EXPERIMENTAL 


A quantitative urinalysis for ampicillin utilizing UV spectrophotometry 
(4,5) was tested and found applicable to the project. A Beer’s law equa- 
tion for concentrations in the 5.0-1250.0-pg/ml range was developed. The 
coefficient of correlation ( r )  was 0.9998. 


Operational Definition of Compliant Behavior-The objective of 
the first phase of the study was to define compliant behavior based on 
excreted quantities of ampicillin. Twenty college-age students each 
consumed a single 250-mg capsule of ampicillin trihydrate from the same 
lot. The administration time was recorded, and the subjects were in- 
structed to conduct normal patterns of food and beverage consumption 
and urine excretion. Urine samples were collected from each subject a t  
12 and 24 hr following consumption. 


Collected urine samples were analyzed, and concentrations of excreted 
ampicillin were recorded. A paired 1 test was calculated to determine if  
the mean values for the two periods differed significantly. The 12-hr data 
were selected as a reference standard, and a 70% confidence interval ( tr  


= 0.30, df = 19) was calculated for the 12-hr mean concentration. The 
70% confidence interval was chosen to reduce the probability of a type 
I1 error. A type I1 error is accepting the hypothesis that an individual is 
a member of the same population from which the 12-hr sample members 
were drawn when, in fact, that individual is not a member of the same 
population. 


After the confidence interval was calculated, the operational definition 
of compliant behavior was formulated. Individuals who consumed at  least 
a single 250-mg dose of ampicillin less than 12 hr before sampling were 


expected to excrete larger quantities of ampicillin than the noncompliant 
reference group. 


Compliant behavior was then defined by urinalysis quantities greater 
than the upper tail of the 70% confidence interval. 


Experimental Design and Procedures-The project separated the 
urine collection procedure from the other measurement techniques by 
treating the interview and capsule count as stimuli rather than as mea- 
surement procedures. The experimental design is given in Table I. Four 
subjects were randomly assigned to each experimental cell. 


The experimental groups were those patients who were subjected to 
a telephone interview (Sl),  those patients who were subjected to a per- 
sonal interview and capsule count (S2), and those patients who were not 
suhjected to either stimulus (NS) on the 2nd day of the drug regimen. 
The control received no stimulation. 


College age student patients’ for whom a normal ampicillin regimen 
was prescribed were eligible for the study. Subjects were selected if: 


1. The ampicillin prescription was written for a 250-mg capsule to be 
taken four times a day for 7-10 days. 


2. The brand dispensed when the patient received the prescription 
matched the selected brand and lot number of ampicillin. 


3. The patient did not receive any other confounding medication, 
particularly penicillin, during the ampicillin regimen. 


4. The patient was seen only on an out-patient basis during the am- 
picillin regimen. 


5. The patient agreed to release hidher pharmaceutical information 
by signing the release form at the time the ampicillin prescription was 
received. The release forms were collected daily and were designed to 
minimize association with the compliance study. 


Subject stimulation took place the day after the patient received the 
prescription. The primary researcher, posing as a graduate student cur- 
rently enrolled in a sociology course, conducted both the telephone and 
personal interviews. Subjects, told that they were randomly selected from 
the University’s telephone directory, were administered the “Survey of 
Self-Medication Habits of College Age Adults.” 


The subjects assigned to the experimental group receiving a personal 
interview were asked to show the interviewer all medication they were 
currently taking; the interviewer pretended not to know how to spell the 
names of the medications and requested to see the containers. Patients 
in the second experimental group were administered the questionnaire 
by telephone. They also were asked if they were currently taking any 
medication and the name(s) of the medication(s). 


All subjects were contacted by telephone on the evening prior to the 
randomly assigned day for sampling of the student’s urine and were re- 
quested to present themselves a t  the College of Pharmacy to provide 
“data” for the Northeast Georgia Drug Study. The nature of the data was 
not specifically identified. The subjects were promised $10 for their co- 
operation. 


If the subject agreed to provide data and did appear a t  the College, 
he/she was then informed of the exact nature and purpose of the data 
collection. Upon receipt of the urine sample, the researcher analyzed the 
sample spectrophotometrically. 


RESULTS 


Urine samples collected from the 20 selected subjects a t  12 and 24 hr 
following dosing yielded mean concentrations of excreted ampicillin equal 
to 89.72 and 26.92 pg/mg, respectively. The standard deviations were 
52.53 and 24.42 for the 12- and 24-hr periods, respectively. The paired 
comparison t test, using a pooled standard deviation of 9.79, yielded a 
calculated value of 6.41. Therefore, it was concluded that excretion of 
ampicillin decreased in concentration between the two time periods. 


The 70% confidence interval calculated for the 12-hr sample was 


A t  the llniversity of Georgia Gilbert Health Center. 
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Table 111-Experimental Cell Means 


Experimental Day of Regimen 
Group 3 4 5 6 7 


1 107.50 133.13 290.69 588.75 121.13 
2 137.56 228.75 143.81 122.50 78.06 
3 57.50 75.63 22.69 200.00 206.50 


76.86-102.58 pg/ml. Therefore, sampled patients who exhibited urine 
concentrations of ampicillin less than 102.58 pg/ml were defined as 
noncompliant. They were defined as having consumed not more than a 
single 250-mg dose, 12 hr prior to urine sampling. 


A total of 92 students released their pharmaceutical information to 
the Northeast Georgia Drug Compliance Study between July 1 and Oc- 
tober 18,1976. Thirty-two students were not included because some could 
not be contacted while others failed to comply with one or more of the 
selection criteria. 


A two-factor analysis of variance was conducted utilizing the SAS 
ANOVA computer program (6). The analysis of variance table and F 
values calculated by this procedure are found in Table 11. 


The analysis of variance demonstrated that neither the main effects 
(experimental group and day of regimen) nor the two-way interaction 
contributed significantly to the total variation in the data. 


For Days 6 and 7 of the regimen, the mean cell values of excreted am- 
picillin concentration of the control group increased dramatically from 
the three previous regimen days (Table 111). This observation prompted 
a second two-factor analysis of variance utilizing the day-of-regimen 
factor with only three levels. The remaining two levels (Days 6 and 7) were 
deleted from this analysis. 


A series of three two-factor analysis o f  variance procedures, each uti- 
lizing levels 3, 4, and 5 of the day-of-regimen factor, and all pair com- 
parisons of the experimental group factor levels was conducted (Table 
IV). A significant difference was found among the experimental group 
levels, personal interview, and rontrol and among experimental group 
levels, telephone interview, and control. The respective p values were 0.00 
and 0.01, with 1 degree of freedom associated with each F value. No sig- 
nificant difference was found among the experimental group factor levels, 
telephone interview, and personal interview a t  n = 0.05 with 1 degree of 
freedom. 


Thus far, the analysis conducted utilized the raw measure of micro- 
grams of excreted ampicillin per milliliter as the dependent variable. 
Comparisons between the marginal mean values of excreted ampicillin 
that denote compliant hehavior were then conducted to determine if 
significant differences found between experimental groups based on the 
raw data corresponded to actual differences in compliance. The results 
indicated that the significant differences found, based on quantities of 
excreted ampicillin, were similar to expected differences based on the 
operationally defined standard of compliant behavior (Table V). 


Table IV-Analysis of Variance (Two Factor, 3 X 3) 


Sum of Mean F 
Source d f  Sauares Square Value PF 


Experimental group 2 118660.67 59330.4 7.14 0.00” 
Day of regimen 2 18890.94 9445.5 1.14 0.36 
Interaction 4 86377.92 21594.5 2.60 0.06 
Error 27 224420.44 8311.9 
Corrected total 35 448349.97 


0 Significant at  ( 1  = < 0.05. 


Table V-Comparison of Experimental  Group Marginal Values 
to ODerational Defined Level Indicative of ComDliant Behavior 


Experi- Compliant 
mental Day of Regimen Marginal 
Group 3 4 5 Marginal (2 102.58) 


1 107.5 133.13 290.69 177.11 Yes 
2 137.56 288.75 143.81 170.04 Yes 
3 57.50 75.63 22.69 51.94 NO 


DISCUSSION 


Patients subjected to either physical capsule counts uia a personal 
interview or  to a telephone interview differed in compliance rates from 
patients who received no stimulation. Stimuli were associated with more 
positive compliance. The influence of both stimuli diminished after the 
5th day of the regimen. This conclusion was based on the results of the 
3 X 5 two-factor analysis of variance, which included Days 6 and 7. 


Patients subjected to a personal interview differed in compliance rates 
from those subjected to a telephone interview. No significant difference 
between the two stimuli was found. 


As the duration of time increased between the point of stimulation and 
the measurement of compliance, the medication compliance rate de- 
creased. Based on the analysis of variance procedures, a significant 
day-of-regimen effect was not verified. However, the excreted quantities 
of ampicillin increased on the 6th and 7th regimen days for the experi- 
mental group that received no stimulation (control). The experimental 
group that received the telephone interview maintained high levels of 
excreted ampicillin throughout the last 2 regimen days measured. For 
the experimental group that received the personal interview, excretion 
levels decreased dramatically on the 7th day. 


This project demonstrated that the act of measurement was of interest 
to the patient. Being so, it elicited more positive compliance rates. Health 
care personnel ran benefit from this and other projects that have dem- 
onstrated the association between improved compliance habits and in- 
creased interest in the patient population. 


This project has impact on the validity of previous studies that utilized 
either a patient interview or dosage unit count to generate a dependent 
measure of compliance. The act of measurement does influence resultant 
compliance rates to a degree that must be accounted for if accurate 
measures are to be achieved. Past reports of patient compliance must be 
weighted with the intrinsic bias isolated. 
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Figure 8-Solution ( 0 )  and dispersion (0) streaming current curves 
for the microcrystaltine cellulose-erythrosine system. 


solution curve. Typically, the dispersion curve would be below the solu- 
tion curve. The reasons for this behavior are not clear, but a number of 
aspects of the adsorption behavior of I1 by I11 might be contributing 
factors. There was a drop in the aqueous dispersion pH a t  higher I1 
concentrations, as discussed previously. The amount of adsorption was 
quite high. In measurements with the detector, the streaming current 
values for dispersions represent the net effect of the shearing of the double 
layers formed on the boot and piston surfaces as well as the double layers 
surrounding the dispersed particles. The contribution to the measured 
streaming current values from the double layers surrounding the dis- 
persed particles may be substantially higher for dispersions with high 
adsorption capacity. Furthermore, higher dye concentrations were used 
for streaming current measurements than for adsorption isotherm 
measurements. At these concentrations, the dye would be expected to 
be in the dimer and trimer forms, with a corresponding effect on the 
nature of the double layer. 


For the 111-1 system, the dispersion curve was only slightly different 


from the solution c w e  (Fig. 7). The adsorption capacity calculated from 
the streaming current data was also substantially lower than that esti- 
mated from the value of kz, the Langmuir constant for the system. Where 
there was no adsorption, the solution and dispersion curves were similar, 
as shown in Fig. 8 for the IV-I system. 
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Abstract 0 Spheronized cores produced by extrusion and rnarumeri- 
zation were microencapsulated with ethylcellulose by organic phase 
separation to produce beads exhibiting controlled-release characteristics. 
In uitro dissolution studies indicated that the drug was released as a 
first-order model and that the release rates were proportional to the 
amount of film on the bead. The bronchodilator activity in the anesthe- 
tized dog and the heart rate effect in the unanesthetized trained dog were 
evaluated. Microencapsulated beads were prepared which produced 
controlled release as assayed by bronchodilation. The heart rate increases 
induced by the controlled-release formulations were gradual in onset, 
and the total increase in heart rate over a 6-hr period was less than that 
associated with the plain drug powder. 


Keypbrases Bitolterol-microencapsulation for controlled release, 
effects on bronchodilator and heart rate activities, dogs 0 Microencap- 
sulation-bitolterol, controlled-release characteristics assessed, effects 
on bronchodilator and heart rate activities, dogs 0 Dosage forms-con- 
trolled-release bitolterol formulations prepared by microencapsulation, 
effects on bronchodilator and heart rate activities, dogs 


The properties of bitolterol, an ester of N-tert-bu- 
tylarterenol, as a long-acting bronchodilator with reduced 
cardiac effects, were recently reported (1, 2). Additional 


improvement in the duration of action and in the reduction 
of side effects was sought by preparing material exhibiting 
a controlled release. 


Microencapsulation has been applied successfully to 
many areas of pharmaceutical interest. Microencapsula- 
tion as a unit operation was described and reviewed (3), as 
was the patent literature (4). An informative history of 
microencapsulation and its uses was presented (5). Most 
pharmaceutical work has been with irregularly shaped 
granules of powders or dispersed liquids, crystals, or sized 
granulations (6-16). This study concerns regular spherical 
cores in the 500-1000-pm range, encapsulated by organic 
phase separation. 


Spherical particles were prepared (17) using an extru- 
sion technique followed by spheronization in a marumer- 
izer. Briefly, the drug and suitable excipients are mois- 
tened thoroughly with granulating agents and water until 
a damp mass is formed. The material is then passed 
through an extruder to produce strands of uniform diam- 
eter. The extruded material is introduced into the chamber 
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Table I-Marumerized Core Formulations by Pe rcen t  
Composition 


Ingredient CoreA Core B CoreC 


Bitolterol methanesulfonate 5.00 12.08 12.08 
Lactose USP, regular, hydrous 57.00 50.38 47.92 


Starch USP 16.00 15.87 17.00 
Microcrystalline cellulose 19.00 18.67 20.00 


Starch as 15% paste - 2 9 n 3 . 0 0 3 . 0 0  
Total 100.00 100.00 100.00 


Batch size, g 3000 6500 12,000 


of a marumerizer where the strands are broken into short 
rods and rolled on a spinning friction plate to form 
spheres. 


The effect of the several process variables on the re- 
sulting product, such as the rotational speed of the friction 
plate and the residence time in the spheronizing chamber, 
was studied (18); in addition, an evaluation was made (19) 
of the effects of granulation moisture content, extruder 
screen size, and extruder speed. These studies found that 
particular physical qualities must be developed during 
processing to produce uniform solid spheres: the material 
must be soft enough to extrude, cohesive enough to pro- 
duce strands, sufficiently friable that the strands break 
into short rods when placed in the spheronization chamber, 
and plastic enough that the short rods are converted to 
regular spheres when rolled. 


Preliminary experiments were conducted to develop 
formulations of bitolterol that could be extruded and 
spheronized to produce uniform cores. The cores were 
subsequently microencapsulated with ethylcellulose to 
prepare coated beads. The dissolution characteristics of 
.several products were evaluated in 0.1 N HCI, and rela- 
tionships between the calculated film thicknesses and 
corresponding release rates were developed. The bron- 
chodilator activity in the anesthetized dog and the heart 
rate effects in the unanesthetized trained dog were eval- 
uated for representative products according to an estab- 
lished method reported for isoproterenol(20,21). 


EXPERIMENTAL 


Materials-Bitolterol' ((~-[(tert-butylamino)methyl]-3,4-dihy- 
droxybenzyl alcohol 3,4-di-p-toluate methanesulfonate) was pharma- 
ceutical grade with a mean particle size of 12 pm. The core formulations 
were compounded of commonly used excipients including microcrys- 
talline cellulose USP2, lactose USP3 (regular, hydrous), and starch USP4. 
The encapsulating medium was composed of ethylcellulose USP5 (100 
cps), polyethylene6 (pharmaceutical grade), and cyclohexane7 (practical 
grade). The dissolutions were conducted in 0.1 N HCP (analytical 
grade). 


Core Preparation-The formulations for the core materials are 
presented in Table I. Powders were passed through an oscillatorg fitted 
with a 30-mesh screen and blended in a twin-shell dry blenderlo. The 
material was transferred to a planetary mixer" and granulated with 
starch paste; sufficient additional water was incorporated to make a very 
damp mass. 


I Winthrop Laboratories, New York, N.Y. * Avicel PH 101, American Viscose Division, FMC Corp., Newark, Del 
Foremost Foods Co., San Francisco, Calif. 
Hubinger Co., Keokuk, Iowa. 
Hercules Inc., Wilmington. Del. 


6 E olene Wax, C-10, Eastman Chemical Products. Kingsport. Tenn. ' &thetheson, Coleman & Bell, Nonvood, Ohio. 
J. T. Baker Chemical Co., Phillipsburg, N.J. 
Model 43B, F. d. Stokes Corp., Philadelphia, Pa. 


lo Patterson-Kelly Co.. East Stroudsburg, Pa. 
I L  Model A-200, Hobart Manufacturing Co., Troy, Ohio. 


The material was then extruded'* through 1.0-mm screens and 
spheronized in a marumerizerl3 operating a t  400 f 50 rpm. The sphero- 
nized cores were dried in a hot air oven at 40' until the moisture was no 
more than 2% as determined by a moisture balanceL4. After drying, the 
cores were classified to remove particles smaller than 40 mesh (420 pm) 
or larger than 16 mesh (1190 pm)15. About 95% yields were obtained. 


Microencapsulation-Compositions of the microencapsulation 
schemes are shown in Table 11. In a typical laboratory batch, ethylcel- 
lulose and polyethylene were dissolved in hot cyclohexane in a three- 
necked, round-bottom flask equipped with a thermometer, stirrer, and 
reflux condenser. The prepared cores were introduced into the system 
and suspended by rapid agitation while the temperature was brought to 
reflux (about 78') for 5 min. Heating was then discontinued, and the 
system was allowed to cool; stirring was continued until 40° was 
reached. 


During this cooling period, the ethylcellulose phase separated and 
coated the suspended particles. The polyethylene was present to limit 
ethylcellulose solubility in the solvent, thus causing the film to be formed 
a t  a higher temperature where i t s  viscosity was low enough to allow each 
particle to be uniformly coated. The encapsulated beads were washed 
with three portions of cold cyclohexane to remove residual ethylcellulose 
and polyethylene. The product was then allowed to air dry a t  ambient 
temperature. 


Initial studies were made with material encapsulated in small batches 
in this laboratory using Core A. Later, encapsulations were scaled upL6 
to test the feasibility of producing larger lots; a more concentrated core 
formula, representing 10% bitolterol as the base (120.8 mg of methane- 
sulfonate salt = 100.0 mg of bitolterol base), was used. 


Dissolution Studies-A modification of the USP rotating-basket 
method (22) was used to examine the dissolution patterns of each core 
and encapsulated bead preparation. A quantity of cores or beads con- 
taining 16 mg of bitolterol was placed in the basket and immersed in 250 
ml of 0.1 N HCI a t  37O, with the basket rotating a t  100 rpm. Samples, 5 
ml, were withdrawn every 15 min for the 1st hr. every 30 min during the 
2nd hr, and hourly thereafter. Sample replacement was made with 5 ml 
of 0.1 N HCI to  maintain a constant volume. 


After appropriate dilutions were made, samples were read a t  247 nm 
using a UV-grating spectr~photometer '~.  A separate analysis for total 
drug content was made by crushing a sample of beads in a mortar and 
pestle, extracting the drug with 0.1 N HCI, and reading the solution as 
before. 


Ethylcellulose Assay-Ethylcellulose present in the microencap- 
sulated bead products was assayed by a residue weight method. Ap- 
proximately 5 g of microencapsulated beads was finely powdered in a 
mortar and weighed into a 250-ml flask to which 100 rnl of chloroformla 
was added. The mixture was shaken for 30 min and filtered. Fifty milli- 
liters of filtrate was evaporated to dryness and a constant weight in a 105' 
oven. A 3-ml sample of the remaining filtrate was assayed for bitolterol 
to correct for extracted drug present in the ethylcellulose residue. 


Particle-Size Analysis-A sample of beads was suspended in a drop 
of immersion oil19 on a microscope slide and examined through an 
image-splitting eyepiece a t  a magnification of 35X. The horizontal di- 
ameters of a t  least 500 particles from each product were measured and 
classified into appropriate 50-pm intervals from which the volume- 
surface distributions were constructed. 


Determination of Film Thickness-No direct method of measuring 
the thickness of the applied films around the hard cores proved satis- 
factory. The beads shattered or were dislodged from the embedding 
matrix by all microtome techniques attempted. For purposes of batch 
characterization, it was possible to estimate the average thickness of the 
film for the ideal case (assuming perfect sphericity and film uniformity) 
by calculation. There is good indication (23) that the thickness of an 
applied film is fairly constant over a broad range of particle sizes simul- 
taneously microencapsulated and is independent of the core diameters 
within that range. 


The film content of many systems can be determined by a direct 
analysis of the encapsulated beads, either by assaying for the film itself 


l 2  Model EXDCS-100, Elanco Products Co., Indianapolis, Ind. 
l 3  Model 6-400, Elanco Products Co., Indianapolis, Ind. 
1' Model 6000, Ohaus Scale Corp.. Union, N.J. 


Ifl Capsular Products Division. National Cash Register Corp., Dayton, Ohio. 
1' Model DB-C, Beckman Instruments, Fullerton, Calif. 
lR Ashland Chemical Co., Columbus, Ohio. 
19 Type B, R .  P .  Cargille Labs Inc., Cedar Grove. N.J. 


Model 24-444 Dynoscreen separator-classifier, Master Machines, Houston, 
Tex. 
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Table 11-Microencapsulation Schemes and Analytical Data  for  Experimental  Products  


Product 
A A-1 A-2 B B-1 B-2 B-3 C c - 1  c-2 c-3 c-4 C-5 


- - - - - - - - - Core A, g - 332 280 - 
Core B, g - - - - 150 250 300 - - - - - - 
Core C, - -  - - - - - - 2100 2000 1600 2,000 2,000 
Ethylce/hose, g - 10 10 - 5 10 10 - 70 80 80 100 100 
Polyethylene, g - 29 29 - 20 20 20 - 140 160 160 200 200 
Cyclohexane, g - 2000 2000 - 1000 lo00 1000 - 7000 8000 8000 10,000 10,000 
Bitolterol content, % 4.9 4.8 4.7 12.4 11.8 11.9 11.6 12.0 12.0 12.0 11.8 11.8 11.7 
Film content, 96 - 2.6 3.3 - 3.2 4.0 3.1 - 3.2 3.6 4.2 4.6 5.0 


Mean volume-surface 740 782 774 824 861 900 1020 1026 1075 1037 1035 995 1099 
- - - - Density, g/cm3 1.37 - + -  1.38 1.31 1.23 - 1.32 - 


diameter, gm 
SD, Ccm 200 200 200 225 225 250 225 175 250 225 225 250 225 


or for a decrease in the specific activity of the drug species. Where 
chemical analysis is not possible due to the complexity of the film system 
or to a low level of drug content, the film may be determined by stripping 
a weighed sample of beads with a suitable solvent, in which case the film 
fraction, F, is given by: 


(Eq. 1) 


where Mb is the mass of the encapsulated beads and M ,  is the mass after 
stripping, and with suitable corrections for extractables in the core, 
equivalent to the mass of the cores. Since the number of particles of di- 
ameter d per unit weight is equal to 6/ad"p, where p is the density of the 
particles, and the surface area of one particle is adz, the total surface area 
for a sample of cores is: 


(Eq. 2) 


where d,, represents the mean volume-surface diameter of the sample 
and pc is the density of the cores. For thin films, the surface of the cores 
may be considered planar of area S.  The film thickness is then given 
by: 


where pf is the density of the film material. In the limit as F - 0, the ratio 
Mb/M, approaches unity and Eq. 3 simplifies to: 


(Eq. 4)  


It is useful to compare the more exact expression presented previously 
(23), which, when expressed in the above terms, is: 


where again for very small F the denominator becomes 6pl and is other- 
wise equivalent to Eq. 4. For film fractions of 10% or less, the thicknesses 
estimated by Eqs. 4 and 5 differ by less than 2%. Over the range of film 
fractions considered, the thicknesses estimated by the two equations 
differed by less than 1% and were considered directly proportional to the 
amount of film present. Densities were determined gravimetrically by 
displacement in n-hexane20, the ethylcellulose film fraction was deter- 
mined by residue weight as described, the mean volume-surface diameter 
was found by microscopic particle-size analysis, and the film thickness 
was estimated from Eq. 4. 


Bronchodilator Activity-The bronchodilator activity of selected 
formulations was compared to plain hitolterol powder in the intact, 
anesthetized (pentobarbital sodium, 30 mg/kg iv)" open-chest dog 
maintained under artificial respiration using a constant-volume respi- 
ratorZ2 attached to a tracheal cannula. The chest cavity was opened by 
sternotomy and kept retracted. The opening was covered loosely with 
a moist gauze. A specially designed, nonrebreathing Leucite valve was 
attached to the cannula, regulating the inflow and outflow of air. 


Bronchoconstriction was induced by intravenous injections of hista- 
mine diphosphatezs (20-50 pg/kg). The changes in airway pressure were 


measured by a pressure transducer2' and recorded on a polygraph25. The 
degree of bronchoconstriction was determined by measuring with a 
planimeter the area of the airway pressure recordings above the baseline 
for a 5-min period after the histamine injection. A dose of histamine was 
chosen that would double the airway pressure. An initial dose of 20 pg/kg 
was given. If the airway pressure were not approximately doubled by this 
dose of histamine, a higher dose (30-50 gg/kg) was administered 30 min 
later. The response to this second dose was then used as the control, 
against which the bronchodilator effects of the microencapsulated 
products and the plain powder were measured. Bronchodilation was 
expressed as the percent inhibition of the control histamine-induced 
bronchoconstriction. 


Bitolterol powder or formulations equivalent to 240 g g h g  as the base 
were administered directly into the duodenal lumen through a small stab 
opening and washed in with 2 ml of water. The opening was then closed 
by suturing. The  duodenum had been made accessible through a small 
midline incision in the abdomen. The first postmedication histamine 
injection was given a t  10 min, with subsequent injections a t  0.5 and 1 hr 
and hourly thereafter for 6 hr. 


Intravenous injections of saline (1 ml) were given to three dogs to assay 
the stability of the histamine response. Under these experimental con- 
ditions, the degree of histamine-induced bronchoconstriction remained 
constant throughout the test. 


Hea r t  Ra te  Effect-In the heart rate study, six trained dogs of both 
sexes, 10-14 kg, were used repeatedly but not more than once a week. 
Food was withheld from these dogs 17-18 hr prior to the test. During the 
experiment, the dogs were placed in sling-stand frames designed to keep 
the animal still with a minimum of restraint. Heart rate was monitored 
every 5 min oia a lead 11 ECGZ6. 


The microencapsulated formulations, as well as the plain powder of 
hitolterol in a dose of 240 gg/kg (base), were placed in a No. 4 hard gelatin 


Figure 1-Marumerized cores prior to microencapsulation containing 
12.08% bitolterol mesylate; mean volume-surface diameter = 784 
N r n .  


2o Ashland Chemical Co. .  Columbus, Ohio. 
2L Nembutal Sodium, Abbot1 Laboratories. North Chicago, I l l  
22 Model 607, Harvard Apparatus Co., Dover, Mass. 
23 Dickenson & Co.. Orangeburg, N.Y. 


24 Model P23B, Statham Instruments, Hatorey, Puerto Rico. 
2s Model 5, Crass Instrument Co., Quincy, Mass. 
26 Model 300 Viuette. Sanborn Co.. Waltham, Mass. 
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Figure 2-Microencapsulated beads; calculated film thickness = 6.6 
Pfn. 


capsule and administered to the animal orally, followed by 10 ml of water. 
Each dog was medicated a t  weekly intervals with either the microen- 
capsulated formulations or the plain powder until each had received each 
product twice. Two dogs were used on each test day. 


For the evaluation of heart rate effects, baseline pulse rates were an- 
alyzed to determine the limits of expected control values. Contrasting 
baseline values for the different experimental periods, days, dogs, and 
observation times (20-, lo-, and 0-min pretreatment) produced 95% 
confidence limits ranging from 83 to 117% of the mean. Consequently, 
on any one experimental day, the onset of a drug effect was defined as 
that first point in time where four successive 5-min readings were equal 
to or greater than 1.17 times the mean of a test animal’s pretreatment 
readings. The end of a drug effect was defined as that first point where 
either four successive 5-min readings were less than the mean baseline 
or, in a few instances, the 300-min time period was reached. 


The statistic employed in the analysis was the sum of the pulse changes 
from baseline over the drug effect portion of the time-response curve. 
The single dog not showing a drug effect was assigned a result of zero for 
the sum of the pulse changes. 


Since all six dogs received, in different order, all possible treatments 
twice, in six experimental periods, the order effect was assumed to be 
small relative to other sources of variation. 


RESULTS AND DISCUSSION 


Appearance of Microencapsulated Products-The uncoated cores 
appeared to be regular crystalline agglomerates, generally spherical with 
an occasional rod- or dumbbell-shaped particle (Fig. 1). Microencapsu- 
lation with ethylcellulose produced a very glossy surface, free from gross 
irregularities (Fig. 2). For visualization purposes, the thin film was swelled 
in Fig. 3 by flooding the field of coated beads with cyclohexane. The 
frequently reported knobs of film a t  either end of some ellipsoidal beads, 
formed when the polymer was still mobile under conditions of high agi- 
tation and spinning, appear somewhat exaggerated in this photomicro- 
graph due to light refraction and to the optical advantage of viewing the 


Figure 3-Microencapsulated beads with ethylcellulose film visualized 
through cyclohexane perfusion. 


I 1 I I 


0 1 2 3 
HOURS 


Figure 4-Release of bitolterol in 0.1 N HCl from various experimental 
products. Key: 0, Conventional hard gelatin capsule; A, Product A, 
uncoated cores; ., Product A- I ,  microencapsulated beads, 2.6% film; 
and A, Product A-2, microencapsulated beads, 3.3% film. 


swelled film through a smaller cross section. The significance of these 
knobs regarding their possible effects on dissolution or thickness calcu- 
lations has not been evaluated. The phenomenon appears to be a function 
of particle shape rather than size and does not affect the usefulness of 
the correlations obtained among calculated film thickness, release rate, 
and biological effect. 


Dissolution Studies-Formation of the spheronized cores brought 
about some delay in itself, as shown in Fig. 4 where Core A and Products 
A-1 and A-2 are compared to the release of a conventional 5-mg capsule 
of bitolterol containing standard excipients of starch and lactose. The 
uncoated cores required about 30 min to release half of the dose in uitro. 
Encapsulation with film comprising 2.6% of the total weight of the bead 
resulted in a t~m of 40 min. Increasing the film to 3.3% total bead weight 
further increased the t 5 ~  to about 90 min. 


During dissolution, the uncoated cores, as well as the beads, remained 
essentially intact after several hours of exposure to the dissolution me- 
dium in a rotating basket and did not disintegrate. Drug was presumably 
released by passive diffusion from a relatively unchanging surface. The 
dissolution of particles encapsulated with insoluble films and releasing 
their soluble components by diffusive mechanisms has been treated by 
first-order kinetics (3, 24). The microencapsulated beads prepared for 
this study could also be characterized by a logarithmic release model (Fig. 
5). The effect of increasing the thickness of the film was to reduce the 
apparent first-order release rate constant. Linearity was found up to and 
beyond 2 hr under these conditions. The standard errors shown in Fig. 
5 were calculated from four replications of the dissolution procedure and 
indicate the variability seen between samples. 


Correlation for the semilog plots of undissolved material against time 
over the first 120 min was high (r = 0.97-0.99). The slopes of the inde- 
pendent estimates were used to calculate the dissolution rate constants 
and the corresponding half-lives. The regression lines were not con- 
strained to pass through the point C = 100% a t  to, and the extrapolated 
t value found for the initial concentration within the bead was taken to 
be a measure of the penetration time, ix . ,  the time required for the dis- 
solution medium (0.1 N HCI) to penetrate the bead and to initiate drug 
release. Thicker films in general led to longer penetration times; therefore, 
t 5 ~ .  the time required to release half of the bead content, was equal to 
the sum of the calculated half-life and the penetration time. 


Table I1 presents the density and particle-size data used to calculate 
the film thickness of the encapsulating walls. Fick’s law of diffusion may 
he written as: 


snc dCldt = - - 
h (Eq. 6) 
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Table 111-Heart Rate Prior to Oral Adminirtration of Plain 
Drug Powder or Microencapsulated Formulations of Bitolterol ~ 


Baseline Meansa, beats/min 
Plain Product Product 


\ 
I I I I 1 


30 60 90 120 
MINUTES 


Figure 5-Release of bitolterol in 0.1 N HCl from a series of microen- 
capsulated beads. Key: A, Product B-2,  film thickness = 7.3 pm; a, 
Roduct 8-3, film thickness = 6.4 pm; and @. Product B-1, film thickness 
= 5.6 Fm. 


where C is the drug concentration inside the bead, t is time, S is the 
surface area of the beads, and D is the diffusion coefficient which is in- 
versely proportional to the film thickness h and includes consideration 
of solute volume, film porosity, and stirring rate. Since these beads re- 
mained intact throughout dissolution, the surface area and the diffusion 
coefficient may be combined 


dCIC = - dt 


Integration of this expression gives: 


At t = t 1/2, Eq. 8 can be rearranged to: 


6.0 5.51 


(Eq. 7) 


(Eq. 9) 
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Figure 6-Time required to release 505% of drug content (twv;) in 0.1 
N HCI from a series of microencapsulated products as a function of 
percent film in sample (left ordinate) and film thickness (right ordi- 
nate). Key: O, film content; and 0. calculated film thickness. 


DOE Powder B-1 B-2 


1 
2 
3 
4 
5 
6 
Arithmetic mean 


53 50 55 
66 56 62 
65 62 63 
54 53 60 
60 67 50 


§z- 62- 
60.9 


5 L  
59.2 58.2 


Analysis of Varianceb 
Source of  Variation d f  MS F 


Dogs 5 107.69 6.2 
Formulations 2 21.78 1.2 
Dogs X formulations 10 30.94 1.78 
Residual error 18 17.42 


0 Arithmetic mean of 20.. 10.. and O-min pretreatment heart rates. b Leastsig- 
nificant difference at p = 0.05 between two treatment means = 3.6. 


For large surface area and low film fraction, F was shown to be eesen- 
tially proportional to the effective thickness of the film in l?q. 4. However, 
examination of the particle-size distributions of the products before and 
after microencapsulation revealed that fine particles present in the core 
material were removed during coating by agglomeration with larger 
particles. The modes of the distributions were not appreciably changed 
during microencapsulation, but the removal of the fma caused an upward 
shift in the mean volume-surface diameters. Accordingly, the d,,, of each 
microencapsulated product was considered to be the best measure of the 
size of the actual cores undergoing encapsulation and was used to cal- 
culate film thicknesses for the various products. 


Agglomeration occurred to a greater extent in systems where the sol- 
ids-to-solvent ratio was higher, with the effect that the total surface area 
to be covered by the film was reduced. The phase ratio (core material to 
film material) of Products B-1 and B-3 was the same (301), but Product 
B-3 was prepared in a system with double the solids content of B-1. The 
ethylcellulose w a y  showed virtually no difference between the amount 
of film present in the two products, but the mean volume-surface di- 
ameters indicated that greater agglomeration had taken place in the more 
concentrated system, leading to a thicker film being deposited on Product 


Confirmation of the thicker film was found in the dissolution rates 
shown in Fig. 5. where Product B-3 was slower than B-1, although the film 
content of each product was about the same. Therefore, the film content 
is only proportional to some measure of the dissolution rate for a series 
of products encapsulated around identical core material from systems 
where agglomeration proceeds to the same extent and the mean vol- 
ume-surface diameters of the microencapsulated products are similar. 


B-3. 


?C 


20 c 
0 30 60 120 180 240 300 360 


MINUTES POSTMEDICATI ON 
Figure 7-Bronchodilator activity in anesthetized dogs following a dose 
of 240 pg of bitolteroi (base)/kg administered intraduodenally. Linear 
effect regression lines are shown for each corresponding time-response 
curve. Key: 0, plain drug powder (control); @, microencapsulated 
Product B-1,3.2% film; and A, microencapsulated Product B-2,4.0% 
film. Regression line slopes f SE are: a, 0.024 f 0.014; b, -0.039 f 0.014; 
and c. 0.015 f 0.014. 
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Table IV-Heart Ra te  Effect in Unanesthetized Dogs Given 240 
pg/kg Bitolterol (Base) Orally 


Sum of Pulse Changes from Baseline ( t o )  
over Drug Effect Portion of Time- 


Response Curve, bea t sh in  
Plain Product Product 


Dog Powder B-1 B-2 
~ 


1 1377 1948 1300 
9 1070 826 459 - 
3 
4 


2423 
180 


369 46 1 ~~ ... 


1255 0 
2053 2127 5 2940 


6 4 
Arithmetic mean 1400 1120 760 


Analysis of Variancea 
Source of Variation df MS F 


Dogs 5 3,544,999 12.0 


Dogs X formulations 10 664,720 2.2 
Formulations 2 1,234,469 4.2 


Residual error 18 295,709 


0 Least significant difference at p = 0.05 between two treatment means = 466; 
a t  p = 0.01, least significant difference = 566. 


With allowance for the initial penetration time delays, film fraction 
was plotted against tSvb for five microencapsulated products (Core C) 
ranging in film content from 3.2 to 5.016 (Fig. 6). The corresponding cal- 
culated film thickness is given on the right-hand scale. Graphsof this type 
were useful when preparing material with specific release characteristics. 
The y-intercept in Fig. 6 was thought to represent the minimum amount 
of film (-2.0% for this series) that must be present before a sufficient 
number of particles was  entirely coated to exhibit a depressed release rate. 
The significance of the intercept was somewhat obscured since the cores 
in these experiments were not themselves instantaneously dissolving. 
However, encapsulated materials carrying less than 2% film showed only 
slightly slower release rates than the corresponding uncoated cores. 


Biological Evaluation-On the basis of in oitro dissolution studies, 
two formulations were selected for biological evaluation: Product B-1 with 
a tm of 65 min representing faster releasing formulations, and Product 
B-2, with a of 101 min representing the slower releasing formula- 
tions. 


Rronchodi/ator Actiuity in Anesthetized Dog-The change in bron- 
chodilator activity resulting from the administration of the two mi- 
croencapsulated formulations over the 6-hr observation period was sig- 
nificantly different from that of plain bitolterol powder, showing delayed 
release properties a t  the early time periods and a flatter response decay 
at  the later time periods. Linear regressions calculated for the three 
dosage forms are shown in Fig. 7 against the actual bronchodilation 
time-response curves. Both controlled-release formulations exhibited 
sustained activity with similar positive slopes, while the slope for the plain 
drug was negative. Bronchodilations ranging from 26 to 43% were ob- 
tained within 10 min after medication. A 6016 peak effect was obtained 
at  60 min with the plain powder whereas Products B-1 and B-2 showed 
peak effects of 60 and 46% a t  120 min, respectively. 


The bronchodilation appeared prolonged for all treatments, with 
35-51% effect still obtained a t  the 6th hr. After the 1st hr, the broncho- 
dilation by Product R-1 was maintained a t  a significantly (p  = 0.05) 
higher level (5&60%) than that of Product €3-2 (3246%). Bronchodilation 
following the administration of Product B-2 was significantly less than 
that from the plain powder through the 1st hr; however. neither mi- 
croencapsulated formulation was significantly different from the plain 
powder after the 1st hr. 


Heart Rate Effect in Unanesthetized (Trained) Dog-An analysis 
of baseline mean pulse rates showed no significant differences among the 
three formulations (Table 111). Subsequent analysis of the posttreatment 
results showed a significant difference (p = 0.01) between the slower 
Product B-2 and the plain powder with respect to the mean sum of the 
pulse changes from baseline over the drug-effect portion of the time- 
response curve (Table IV). While the sum of the pulse rate changes was 
lower after Product B-1 relative to the powder, the difference was not 
statistically significant. Comparison of the mean pulse rates a t  30,60,90, 
and 120 min (Fig. 8) showed significantly lower rates with both mi- 
croencapsulated formulations a t  30 and 60 min, significantly lower pulse 
rates with the slower formulation (Product B-2) than with both of the 
other products a t  90 min, and equivalent rates for all three forms a t  120 
min and thereafter. 


110- 
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E . M 4. 
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Figure 8-Heart rate effect in unanesthetized dogs following a single 
dose of 240 p g  of bitolterol (base)/kg administered orally; six dogs re- 
ceioed two separate medications of each drug on different days. Key: 
0, plain drug powder (control) ;  0,  microencapsulated Product B-I, 
3.2pb film; and A, microencapsulated Product B-2,4.0% film. 


In both anesthetized and unanesthetized dogs, the microencapsulated 
products demonstrated controlled-release properties, and effective 
bronchodilator activity was obtained with an attenuation of the con- 
commitant cardiac stimulation. 
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Abstract 0 A rapid high-pressure liquid chromatographic method for 
determining the nitroglycerin concentration in liquid dosage forms and 
intravenous admixture solutions is presented. A coefficient of variation 
of less than 1.8% was achieved over the concentration range most com- 
monly encountered (50-500 Wg/ml). A variable wavelength detector ( X  
= 218 nm) and a micro-alkyl phenyl column were employed. The mobile 
phase was acetonitrile-tetrahydrofuran-water (26: 1064). Total analysis 
time was 12 min. 


Keyphrases o Nitroglycerin-assay of liquid dosage forms and intra- 
venous solutions, stability, degradation products 0 Stability-nitro- 
glycerin in intravenous solutions 0 High-pressure liquid chromatogra- 
phy-analysis, nitroglycerin liquid dosage forms and intravenous solu- 
tiom 0 Cardiac vasodilators-nitroglycerin, analysis, liquid dosage forms 
and intravenous solutions 


Intravenous nitroglycerin (glyceryl trinitrate) is com- 
monly used for patients with acute myocardial infarction. 
Several methods of preparing such solutions for human 
patients have been reported (1-3). Recent reports indi- 
cated that intravenous nitroglycerin solutions lose potency 
when prepared or stored in certain containers (4-6). This 
loss may be due to degradation or adsorption. Thus, a rapid 
and accurate assay of nitroglycerin in intravenous solutions 
is needed. 


BACKGROUND 


Nitroglycerin is the triester of nitric acid and glycerol. Breakdown 
occurs by a stepwise loss of nitrate groups (Scheme I). 


Spectrophotometric methods require little instrumentation but are 
time consuming and complex and do not indicate stability (7-10) or 
differentiate nitroglycerin, mononitroglycerin, dinitroglycerin, and en- 
dogenous nitrates. TLC (11-13) is selective but not quantitative. Al- 
though polarographic methods (14,15) offer both selectivity and sensi- 
tivity, they require sophisticated instrumentation not available in many 
laboratories. 


A kinetic method of analysis (16) based on the transient appearance 
of a chromophoric intermediate during base hydrolysis offers speed and 
specificity but lacks sensitivity. GLC methods (17-21) give sensitivity 
for nitroglycerin in excess of that required. Some give the desired selec- 
tivity. However, all require a time-consuming extraction into an organic 
solvent. 


Two normal phase high-performance liquid chromatographic methods 
were reported (22,23). Both reporta failed to discuss interference from 
excipienta and breakdown products, and both methods require extraction 
into an organic solvent. Assay sensitivity is potentially a problem when 
applying these methods to intravenous nitroglycerin admixture solu- 
tions. 
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Scheme I 


A new method is described here that allows the rapid direct measure- 
ment of nitroglycerin in intravenous admixture solutions, offers adequate 
sensitivity, and provides the potential for measuring breakdown prod- 
ucts. 


EXPERIMENTAL 


Materials-Nitroglycerin* [lo% in lactose or 1% (viv) in ethanol], 
ismorbide dinitrate* (25% in lactose), and sublingual nitroglycerin tablets3 


ICI, Wilmington, Del. 


Eli Lilly and Co., Indianapolis, Ind 
* Napp Chemicals, Lodi, N.J. 
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Abstract 0 Semisynthetic (+)-tuhocurarine chloride (11) was prepared 
by monc~uaternization of (t)-tubocurine. The method involved treating 
(+)-tubocurine with a 0.5 M equivalent of hydrochloric acid prior to 
quaternization with methyl iodide, followed hy neutralization and io- 
dide-chloride ion-exchange. Column chromatography and crystallimtion 
procedures were utilized for pure semisynthetic I1  preparation. The 
neuromuscular junction blocking activities of the semisynthetic and 
commercial I1  were determined by the in uiuo cat hypoglossal nerve- 
tongue muscle preparation. No detectable differences among physical 
constants, spectral data, and neuroniuscular junction blocking activities 
were noted between the commercial product and the semisynthetic 11. 
This result substantiates the chemical and biological data for the well- 
accepted new formula for 11. The unexplained M + n 14 mass spectral 
peaks shown hy the curare-type bases are Characteristic of the molecular 
species rather than a result of contaminants. 


Keyphrases Tubocurarine chloride- chemical synthesis, comparison 
to naturally derived material, NMR analysis 0 Neuromuscular blocking 
effect-tubocurarine chloride, comparison of synthesized and naturally 
derived materials 0 NMR spectroscopy-analysis, tubocurarine chlo- 
ride 


T h e  isolation and original structural characterization 
of crystalline (+)-tubocurarine chloride (I) were achieved 
by King (1 ,2 ) ,  who identified I as a bisbenzyltetrahydro- 
isoquinoline alkaloid in which both nitrogen atoms were 
quaternary. Subsequent structural revision (3) revealed 
that  the bisquaternary structural assignment was erro- 
neous and that (+)-tubocurarine chloride was actually a 
monoquaternary-monotertiary species (11) with the qua- 
ternary function in the tetrahydroisoquinoline ring bearing 
the free phenolic hydroxyl group. The  new structure was 
soon confirmed (4) by X-ray crystallography, as was the 
assignment of the quaternary function to  the phenolic 
tetrahydroisoquinoline ring system. 


Although the new structure is well accepted, direct 
chemical synthesis or semisynthesis should be provided 
as confirmatory evidence. The  successful synthesis of I1 
from unequivocal sources would confirm the structure and 
permit comparative tests of biological activity. Pure I1 was 
also needed for determining whether the anomalous M + 
n14 mass spectral peaks observed ( 5 , 6 )  in natural curare 
bases and similar type alkaloids were characteristic of such 
compounds or due to 0-methylated contaminants. 


DISCUSSION 


The successful preparation of (+)-isotubocurarine chloride (111) from 
(+)-tubocurine (IV) ( 7 )  suggested the possihlity of preparing 11 hy similar 
means. NMR spectra and TI,C data obtained during the preparation of 
Ill hy interaction of IV with a 0.5 M equivalent of methyl iodide showed 
that I1 was being formed in small yields. The small yields of I1 mandated 
a modified route for quaternization such as that employed (8) on the 
calabash curare alkaloids. This method involved the use of a 0.5 M 
equivalent of hydrochloric acid added prior to quaternization with methyl 
iodide, followed by neutralization. Treating IV sequentially with hy- 
drochloric acid and methyl iodide, followed by neutralization, produced 
a multicomponent product. 


TLC examination of this product on silica gel revealed four spots with 
H I  values corresponding to those of IV, neutralized 11, neutralized 111, 
and (+)-chondocurarine iodide (V). The presence of a higher proportion 


I :  R ,  = R, = H, R, = R, = CH,, X = CI 
11: R, = R, = R, = H, R, = CH,, X = CI 


111: R ,  = R,  = R, = H, R, = CH,, X = CI 
IV: R ,  = R, = H (R,,  R,, and X absent)  
V :  R ,  = R, = H, R, = R, = CH,, X = I 


of neutralized I 1  than 111 was evident from the TLC d a t e  an, the N 
spectrum, which showed two NCHa signals: the neutralized I.. 2’-N< 


R 
13 


resonance (at  d ‘2.10) and the neutralized I1 2-NCHs resonance (at  b 2.42) 
in a ratio of 1:2. The reaction mixture iodide content was ion exchanged 
tor  chloride ions, and neutralized I 1  was isolated through column chro- 
matography over alumina. Following treatment with hydrochloric acid 
to convert the product to its hydrochloride, I1 was crystallized from 0.1 
N HCI by seeding with a few crystals of commercial (+)-tubocurarine 
chloride, followed by recrystallization from 0.1 N HCI to provide the pure 
compound. 


The lesser basicity and nucleophilicity of the amine function of IV a t  
the ?’-nitrogen center, evident by the lower magnitudes of protonation 
and alkylation at this position, are probably reflections of a steric factor, 
although solvation effects could contribute to the observed differences. 
A Dreiding model of IV shows that the trisubstituted aromatic ring, he- 
cause of some free movement a t  position C-15’. could easily exert steric 
hindrance a t  the 2’-nitrogen center. On the other hand, such steric in- 
teraction cannot he invoked a t  the 2-nitrogen heterocyclic ring since the 
disubstituted aromatic ring a t  C-15 cannot he brought near the 2-nitrogen 
reaction site. 


Semisynthetic I1 was identified by TLC, melting-point, and spectral 
(If<, UV, and NMR) data, which were in good agreement with those of 
the commercial samples. The mass spectral data indicated the base peak 
a t  m / e  298 and a molecular ion a t  m/Q 594 with relative intensities in 
accord with literature values (9). The spectral showed the expected m/e 
594 major peak, resulting from the conversion of I1 to a ditertiary mo- 
lecular ion (M), and definite M + 14 and M + 28 peaks with relative in- 
tensities of 3.7 and 0.5% of the base peak, respectively. 


Previous reports (9) suggested that the formation of the ditertiary 
species is through loss of methyl chloride, presumably before ionization, 
probably in a purely thermal process similar to that observed in GLC (10) 
and mass spectra (11) of quaternary methiodide salts of amines. The only 
peaks for (+)-tuhocurarine chloride cited (9) were those having an 
abundance greater than 5% of the base peak, although a greater signifi- 
cance was attached by other investigators ( 5 )  to a very low relative in- 
tensity peak (0.2%), which was assigned as the M+ for a similar (but di- 
tertiary) type of alkaloid. 


Peaks a t  14 mass units above the molecular ion in the mass spectra of 
hisbenzyltetrahydroisoquinoline alkaloids ( 5 ,  6) have been attributed 
to either contamination by a more highly methylated impurity (5) or to 
a thermally induced intermolecular methyl transfer (6). Thermal methyl 
transfer was an inadequate explanation for the I1 mass spectral data, since 
11 lacks the necessary methylating group (12). Furthermore, the inten- 


~~~ 


The mass spectra of commercial 11 samples were determined on a Hitachi 
l’erkin-Elmer RMU-61) spectrometer and/or an AEI-MS 30 high-resolution mass 
spcrtrometer at a TO-ev ionizing voltage and a 200’ chamber temperature. 
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sities of the higher peaks relative to  the M+ peak were expected to vary 
with changes in the vaporization temperature (12), but  this was not the 
case with 11. Since all commercial I1 is crystallized from natural sources, 
contamination by 0-methylated congeners is possible. Small amounts 
of  these contaminants could be detected in the mass spectrum and would 
not unduly distort the physical criteria o f  the compound but  could affect 
the biological activity through the greater blocking potencies of the more 
highly 0-  and N-methylated congeners (13). 


T h e  M + n 14 peaks shown by pure I1  indicate that  this mass spectral 
behavior may be characteristic of the quaternary curare bases. The higher 
peaks may be due to preliminary thermal dequaternization, followed by 
generation of these peaks from the tertiary base, since pure (- ) -curhe 
and (+)-tubocurine givespectra with peaks a t  nde 608and 622. A ther- 
mally induced Hofmann elimination could account for the  M + 14 peak 
from the quaternary base and coupled with radical formation from the 
tertiary base which could combine with generated methyl radicals to 
account for the higher peak(s). 


EXPERIMENTAL2 


Semisynthetic (+)-Tubocurar ine Chloride (11)-A stirred solution 
of (+)-tubocurine3 (1.0 g, 1.68 mmoles) in 80 ml of acetone-water (3:l) 
was slowly treated with 16.76 ml of 0.1 N HCI (1.68 mmoles). Immediate 
evaporntion of the solvent to dryness under reduced pressure was followed 
by dissolution of the  residue in methanol (35 ml) and the subsequent 
addition of methyl iodide (10 ml). The  mixture was stirred for 17 min and 
then evaporated to dryness under reduced pressure. T L C  examination 
o f  the residue on silica gel showed four spots with /?/ values of 0.83,0.43, 
0.26, and 0.06. These Rf  values were similar to those for (+)-tubocurine 
(1V). (+I-tubocurarine chloride (11) neutralized with sodium bicarbonate, 
neutralized (+)-isot.ubocurarine chloride (III), and (+ )-chondocurarine 
iodide (V), respectively. The intensity ot'the R, 0.43 spot was greater than 
that of Rf 0.26. 


Crystallization of the  residue from a methanol-chloroform mixture 
(15) provided V (0.38 g),  which was dissolved in methanol and converted 
to 1 by passage through a column4 (15 X 1.5 cm, chloride cycle). Metha- 
nolic solvent evaporation gave an amorphous I residue (0.28 g). Crystal- 
lization of 1 from absolute ethanol gave a product with a melting point 
of 246-247' (frothing). The  methanol-chloroform mother liquor iodide 
content was also exchanged for chloride, and the effluent solution was 
evaporated to dryness. The  residue (0.92 g) was suspended in water (30 
ml) and extracted with chloroform ( 3  X 100 ml). 


T h e  aqueous layer was evaporated to dryness under reduced pressure, 
leaving a yellowish-white residue (0.56 g). T h e  residue (0.37 g) was dis- 
solved in methanol, adsorbed on a small amount of neutral alumina (grade 
V), and air dried. This dry powder was packed on top of a neutral alumina 
column (grade V, 60 g) and eluted with ethyl acetate to  provide un-  
changed IV (0.056 g) in the early fractions. T h e  eluting solvent was en-  
riched with methanol, followed by enrichment with 2.5% aqueous a m -  
monia, so that  elution took place over 10-12 hr with a mixture of ethyl 
acetate-methanol-2.5% aqueous ammonia (8:1.5:0.5) and separated the 


Melting points were determined on a Mel-Temp apparatus and are uncorrected. 
Optical rotations were measured on a Perkin-Elmer 141 polarimeter. UV spectra 
were taken in methanol solutions with a Cary 14 recordingspectrophotometer. IR 
spectra were obtained in KBr pellets with a Perkin-Elmer 237 grating IR spectro- 
photometer. NMR spectra were measured with a Varian Associates model A-60D 
o r  XI.- 100 NMR spectrometer with sodium 2,2-dimethyl-2-silapentane-5-sulfonate 
as an internal standard. Mass spectral determinations were performed hy the Mass 
Spectroscopy Lahoratory Service, Department of Chemistry, University of Min- 
nesota. Minneapolis, Minn., with a Hitachi Perkin-Elmer KMU-6D mass spec- 
trtjmeter or an AEI-MS 30 high-resolution mass spectrometer. 


Il,C was conducted on 0.25-mm Hrinkmann silica gel HF-254 plates using 1% 
aqueous ammonia-methanol-ethyl acetate-isopropyl alcohol (22: 1:l) as the de- 
veloping solvent. Visualization was done with both UV lamp and iodine vapor. 
Activity grade V Woelm neutral alumina was employed in column chromatography. 
(+)-'l'uhocurarine chloride was obtained from Sigma Chemical Co.. St.  Louis. MO 
63118, Abbott Laboratories. North Chicago, IL 60064, and Organon Inc., West 
Orange. Nd 07052. 


A Prepared by the dequaternization of 11 with sodium thiophenoxide (14). It 
showed only one spot (R ,  0.S?) when examined by TLC. 


Amherlite IRA-410. medium porosity, Mallinckrodt. 


remaining components into two yellow bands with a n  intermediate dif- 
fuse yellow zone. 


Extrusion of the column contents enabled mechanical separation of 
the  bands. T h e  faster moving band was repeatedly extracted with hot  
methanol (300 ml). The residue left after solvent evaporation was treated 
with excess 1 N HCI, followed by evaporation of t h e  solution to  dryness 
under reduced pressure. T h e  residue (0.20 g) showed trace amounts  of 
the other components when examined hy TLC. Crystallization from 0.1 
N HCI by seeding with a few crystals of  commercial IIs  provided a crop 
of crystals, which was used for seeding other quantities of  column-sepa- 
rated semisynthetic 11. T L C  on silica gel of the crystalline product showed 
one spot  with a higher R f  (-0.83) in addition to t h a t  a t  0.43, which rep- 
resents 11. 


Further purification was carried out  hy treating a n  aqueous solution 
of the  foregoing crystals (0.02 g in 5 ml) with a few drops of 10% ammo- 
nium hydroxide and extracting with chloroform (6 X 30 ml). The  aqueous 
layer was acidified with 1 N HCI and evaporated to dryness, affording 
a white solid (0.014 g), which now showed only one spot  ( R f  0.43). Re- 
crystallization from 0.1 N HCI provided white crystals, m p  255-257O 
(frothing a t  263') [lit. (16) m p  270'1; +204.3O (c 0.60, methanol) [lit. 
(16) [.]I) +219' (c 0.785, methanol)]. IR and N M R  spectra were similar 
to  those of the  commercial sample used for seeding; UV: A,,, (log 0 225 
(4.56) and 282 (3.90) nm; mass spectrumfi: rnle (relative intensity) 622 
(0.5). 609 (1.4), 608 (3.7), 595 (6.0), 594 (17.0). 593 (15.0). and 298 (100.0) 
[lit. (9) m/e (relative intensity) 595 (6.0). 594 (17.0), 593 (12.0), and  298 


Neuromuscular  Junc t ion  Blocking Bioassay-The neuromuscular 
junction blocking potencies of semisynthetic and  authent ic  I1 were de-  
termined by employing the in uico cat hypoglossal nerve-tongue muscle 
preparation, which was described earlier (17). T h e  results indicated 
identical blocking potencies for the  two compounds. 


(100.0)]. 
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Obtained from Abbott Laboratories, North Chicago, IL fioo64. I ts  melting-point 
behavior showed collapse of the sample at 255'. followed by vigorous frothing with 
decomposition at 263". It also showed [a]$ +214O ( c  0.79, methanol). When ex- 
amined by TLC, it showed only one spot (RI  0.43). 


The mass spectrum of semisynthetic 11 was obtained using an RMU-6D Hitachi 
Perkin-Elmer m a s  spectrometer with a 70-ev ionization voltage and a 200' chamber 
temperature. 
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